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PREFACE. 

Tur present volume is the seventh of a series com- 

menced in 1871, and which, although entirely unconnected 

with a work having somewhat the saine object—the An- 
nual of Scientific Discovery—took up the record of scien- 

tific and industrial progress where the latter left it off, 

after haying been published since 1850. The two there- 

fore form a continuous history of the subject for twenty- 
seven years. 

Heretofore the ‘‘ Annual Record” has for the most part 

been composed, first, of a summary of scientific progress 
during the year; and, second, of a series of abstracts of 

the more important articles contained in the proceedings 

of learned societies and in the scientific and industrial 

journals of the day. With the rapid increase in the num- 
ber of such papers, it has been found impossible to com- 

press the abstracts in the limits necessarily assigned to the 

annual volume; and it has therefore been concluded to 

omit them entirely, and, by an extension of the Summa- 

ries, to furnish what will probably better answer the pur- 

poses of the student. 
A minute alphabetical index will supply the means of 

ready reference to the more important data. The names 

of the several gentlemen whose assistance has been ob- 

tained in the preparation of the series of summaries 

will be sufficient guarantee of the completeness of their 

work. 



lv PREFACE, 

As in the earlier volumes, there will be found a list of 

the principal losses to science by death, and a bibliography 

of the more important publications, whether in the form 

of books or of scientific memoirs. The latter, as hereto- 

fore, has been prepared with the assistance of Professor 
Gill, of Washington. Spaxom: Fo eee 

SMITHSONIAN INstiTuTION, WasuHinGtTon, March 1, 1878. 



TABLE OF CONTENTS, 

RT Mert ee 6 Sios 0 anes «x sanedinney Saas ost <> ee sala hi ainte nya eR BTL 

ASTRONOMY. By Epwarop S. Hoven, U.S. Naval Observatory, Wash- 

ie ST es ener ee solar iah ath aid ahaha tet faa Ee re Coe 1 

Tin DU ORION soho eo tein'sro7e ohn Sal's saa '0'e's spats etetevot sale eine niet et 1 

WEEULZ: AND THE NEBULAR HIYPOTHESIS ..........20cnecccsceaccecs 2 

Lo DOT WS TUSTES SIS ae a BET ee a 

DousLe, MULTIPLE, AND BINARY STARS............- 2 Prd wig IE a otsin 6 

Bias CATALOGUE AND MAPS... 2.0... cc. enw ecn ces ai a Sse alah vanenenae aerate 9 

2 DLE STs et ee nee a afar an Ne, Sehr be see waves Silete wee 

PLANETS, ASTEROIDS, AND SATELLITES.......... a as dsaa a cater aha arate nets Bigs IV! 

PMRERVLGMET Fete ai ge = Sale Sade e Oka et oeocle d's wie 25 a elds Pere ena oe coeeoeoes 

COMETS ©. 5 = 3. 2 Pe Pama a a OE ales dee wae cae Oa siehiw's pa ae ba pipe ow eae . 25 

SPECTROSCOPIC Cee ons ea scene os 0) 6 ino w.0/0e aig lake oe eee 26 

Ui 13 oe re EPO re rer re oe Ge Ae 26 

WEEN Helse cid saoc 3's PoE ED OL OROre OLE pects Salis ote aeioeae otic 27 

INSTRUMENTS AND OBSERVATORIES........ Se eee Spee Ore ence «aa 0 DO 

Pst MONG ts ENSPRU MENTS 22 08 vies wine = oi <aic a'eldeeinia ode telwaes ee yes 28 

PUBLICATIONS AND REPORTS............ EOL BEL OpOe OT MeL EBs LE Sac ae 32 

ASTRONOMICAL BIBLIOGRAPHY ..........6. eres a) Sends, one re oe 54 

REPORTS OF AMERICAN OBSERVATORIES...........000-- <eia tee  eeee 

Albany, N. Y.: Dudley Observatory..... Roe eroree ck: Suet 36 

Allegheny, Pa.: Allegheny Observatory.............. PPE Fo he 38 

Cambridge, Mass.: Harvard College Observatory................- 39 

¢ «< — L. Trouvelot’s Physical Observatory........... 41 

Chicago, UL > Dearborn. Observatory 2s: . ....606tee-s cee Pi ee 42 

memnsit, (< Cincinatti Observatory: .20./3 5.00: se nen teers. 45 

Gettysburg, Pa.: Pennsylvania College Observatory.......... irate: Aas 

Glasgow, Mo.: Morrison Observatory..............+- so Utes mie . 44 

Hartiora, Conn.: Private Observatory. ........000'<s00c00s ree 

Hastings-on-Hudson, N. Y.: Dr. Henry Draper’s Observatory..... . 46 

New Haven, Conn.: Observatory of Yale College......... aan as athe ee 

Princeton, N.J.: Princeton College Observatory.......... a aise aaa 

Quebec, Observatory of....... FC Rc Dts Nie ciate ea oe) Cae ae 48 

Ripon, Wis.: Observatory oP Riper Coltese: Begs oe aol oie e's ome ae 

Hocucsicr, NW. Y.: Rochester Observatory... . 1.2.20 cscs aaamany 49 

Sane ranciseo, Cal.: Lick Observatory 75 <<< 620... 5 ican amanieepiecis Eo 

South Bethlehem, Pa.: Lehigh University Observatory........... 50 

Poughkeepsie, N. Y.: Observatory of Vassar College.............. 51 

Williamstown, Mass.: Hopkins Observatory, Williams College... .. 51 



vi TABLE OF CONTENTS. 

PHYSICS OF THE GLOBE. By CLeveLanp Asse, of the Weather Bu- 

PEM, WEBDIDOIOD 6.555 c cece cdecacceinenenceneses ars tani -Page 53 

Tue Earru: 

Internal Condition................ deve ct ese ti | keane keene 53 

Internal Temperature ...........-+-++. dpe do toe at eps eee 53 

A MCE, Cre oia'a's ovo cunion violet eas Ga 5 cite emis eee 53 

reer TP er errr re 54 

SES ORNENE TINIAN 6, 5, ois nn pada Resid ww de a madnete Omer aes 54 
MUR MEIER Saga W ecw cacsressccusbee ses cunuce mat aki eee 55 

THe OCEAN: 

J ROA Te eee er EE EEL addids hak tess eae 56 

GS ee uN ew sb eet hob ova loys hsp sm een eer dae ompa ~ Sole ee 56 

MMOD sceacerearaaaigeeceaie ss ERIN TEE ee Ws a ids sc Sees 56 

Tue ATMOSPHERE: 

RAMON. 0g dis a Kekdinsi oie c'a'e wibiedie wil Odea es an eee te 57 

BpeeueneOnS MOC POrsOns, 7. aj. aidid nals :<iy a. Gia ha be SE eee Smite 57 

Derermnents ENO Methods .'.:. 3.06 vas a <55s 45,00 «(5,000 dadapnen tee . 66 

wemmperature and. Diathermancy.... «0. ¢2<<<92<<08s sen 4semenins 70 

RES PL AIOIVONES ooo, as on aig che co ede Seb iene: eee mee 71 

PPGMAUED BRC ISODATS 5 555.6 5. 0s un ss sg sins vey 9 ow eee anes cee 76 

Precipitation, Clouds, ete... 2.5 cc secs op 1050 20's sone eee ad 

SRAM Ga Date bes Sein tase v's dais hee ee as sia inis.’o «sete pg i> @ alee 80 

Optical Phenomena... ...< «2. 21” «o00smauiekine sires same enka een 83 

Hlectrieal Phenomena «..0: 25... -(ss smn aertigelee sat © Wee eee 84 

RCIALIONS WIEN Sub-Spots......0.056 00. ¢ ane anaes ee ah aie vine eee 84 

Beeeattons with WMeteors, 1.5... . cs. nae aie see alec hone ee 85 

BIASES 5 ooo oo. obo wis sip cn odin sig. ceo ents erence een eee 85 

EOI OLOY oo: 5p 6 ose wis 2 ws on oe any ving som» Sepsh bo gee 87 
spriculture and Forestry .. 5.2.5. 2.262 0» made sews 2s see 88 

Climate atid Ey Piene. . oo. .60 ss os 0s civn cease ss 20s senate 88 

Cimate. and Geology. ..:....0i0e 0s 0005 masan= sical a eeeteee 89 

PHYSICS. By Georcer F. Barxer, Professor of Physics in the University 

or -Fenneylyania, Philadelphia... .°..<.. ol. 05. <c/ aa eee 91 

ROMEICAN As cs 65s ene tc eves sin» 6 0' 0 0.n¢ 0 5,00 dig ene al 

PMMA 5 50 oc nis soto esp spss p.s0n ces pnnp hn stun 92 

BeOE SOMGS, 0 ois.s swiss v'bjsin wisn 90s vais phn ch Seu e ee 92 

Pe OF LAQGWIdS 00:6. 6... scrpogcinc'es's'sdaleee Bq s a see de.ne eee 94 
Be COT GARD, 05 ne cn casieasasseindebmsodhaatn tly ee ee 96 

PAOENOG SE Sip oes os acceso vc0ess vamanuinue cine ss e's ete ae 99 

Heat: 

1, ThEFMOMEY.......cevssuwsenvoss¥less sage 102 

2a TEXPADGION vivid vss as since sluvlols oe 0's «oe side Sante eee 105 

» Change of State... ...isves sis svawestsscdcak shueel ele 104 

CHSC KSEE HHSC PER RH CRD 2 aed 62 8 0:4 40 6 6 #0 es bs elm eee 



TABLE OF CONTENTS. 

PHYSICS—Continued. 

Lieut: 

1, Reflection....... sreislvei ote eee asa a wide ep ia eee tk Eee 

A WeetEACHION......... 

SPO SPCTSION 5 500.0 nace : 

4, Interference and Polarization........ 

ELECTRICITY : 

S10 eLGyS) tS) bin, 60): 0, ‘a6 0 0) ae el'e. 0 6) 6 8.0) 6 6 6 Oia nal ple ake ¢ sew 

CHEMISTRY. By Georce F. Barker, Professor of Physics in the Uni- 

versity of Pennsylvania, Philadelphia...... 

GENERAL........ CSE A mela acai iets Sya.a'so deep eee 

GRAN TNE yea ssa one Sainte cesses ede waceae . 

MOURA TGS na race o's od x boeiwic(cTes's e s'e » é 

RIRGANICHe 50sec us xt ss : 

eoereeee eres eee se esse sess 

Ce 

eee cere eee eee ec en eee ee es eee we eee te eee se esses 

MINERALOGY. By Epwarp S. Dana, Ph.D., Yale College, New Haven, 

AR OE PRC os SNe eile Oe sa va o ss dhs eae Ce we a eaea ee 

GEOLOGY. By T. Srerry Hunt, LL.D., F.R.S., Professor of Geology, In- 

stitute of Technology, Boston, Mass........... ee ee Lok eoee 

GEGEOC OK NEWROUNDIEAND so cisis.c> sresiete 0.5.5 era/als, ace oie yaye renee Shoe a 

IPEE-CAMBEREAN ROCKS OF WALES, (.06.5.0000 cccv cece own Pe i icoane 

EOE ates GH) ARDENNES. wfe'c o's o's ans 0c ewlecus ee we Rs SO 

GEOLOGY OF VERMONT.........-+. BAS Nk SRR ES Ne Cee a oe ace ee 

eeOPOMA GES WISCONSIN (05562 nsiee sasvencwrciewsest Sie en acer ie 

HOZORPROCKSEWEST: OF THE, MISSOURI «.;./c cco: < 0 dere sees sleet dees vs's 

Povo ecks OW THE BLUE. RIDGE: .. 4.240 csGesecc debe ob ot ccrec ane 

GEOLOGY: OF THE CINCINNATI ANTICLINAL......0005 seccccssecsees F 

iE OCARBONIEEROUS ROCKS IN KENTUCKY. 2.5.0 vis on <s.0 we ner ns ote 

nO NAARTO SAT: REGION « <<c ole disse Sarasin estes ele IC Ce oo 5 dope 

SUBEBEREANMAN: LEMPERATURE «és s, o:a0\ cre <iselels sleep sr0'es «seus saa a 

TERTIARY FORMATION OF THE ARCTIC REGIONS..........0-0+0+e0-> 

MN ertR ERUPT: Ais e2cre cack ao. oid « 2 9 00 u's «,0'e'e ware in a © wove tase tee etY sl 

Vil 

172 



viii TABLE OF CONTENTS. 

GEOLOGY—Continued. 

Suprosep DiIsPLACEMENT OF THE EArtnH’s AXIS....... iii dauds eRe ANG 

An ANCIENT ATLANTIC CONTINENT.......2...00- hata ESRI 179 

Europe AND ASIA IN THE GLACIAL PERIOD,...........- een wets 180 

"Tae Loess OF CENTRAL EUROPE....0cccccnccvaccuccoses eipigt S= ios OD 

GLACIAL PHENOMENA AROUND LAKE ONTARIO........ccccecceceecs 181 

GLACIAL PHENOMENA “IN LABRADOR........esecc00% Sots Aly oie eaten . 181 

HYDROGRAPHY. By Francis M. Green, Lieutenant - Commander, 

Sey shel Gnie s cA NGG Nx hon SU nec eS hen vis Be sees Ama oe eae . 183 

GEOGRAPHY. By Francis M. Green, Lieutenant-Commander, U.S.N.. 191 

Costa RICA.......... 5 Oe Be eg CTT RE coin ORE Sere ie crs 192 

Pee OR SPARIGN. . Uso ss ob tie oc veneer cicisnme Aap eS ees vie 192 

eA AMTy ENT ADIOR. «oo iwic as ep wew-cv ssp sacle oedie ne kieey alse 192 

RIN oh aan a0 60,0 so Se PE OT ERE TPE PE oe, iret 193 

OP STR Done ee ee eee aT he, eae RE EPO ICO Cano t sO DONS 193 

Ree et er 04 EA. 2 Sie ie a wre acti an Wk im Sie) we einen eln a araie 193 

I re foo a tara, oe ties Sak sainee cele o emma imine 194 

MON en oa 5 wine wiaein cee a ¥ Weds ee gle motel ianlnke aia ies 19d 

NT SNOT EOE en SL cy es mo via os Us v c.0 sie’ nate elem ene ene eis 195 

ROPER ID oro, tales nie cha e Ctet ole wo atatal aie oragevele force tote a one enantio 196 

[oh) 02 ee ei er rae ee ty ERT ORONO OIC SOO CIOS es Oe 196 

WRT PIGE 2 Oe. oe ok caw bo ooo ee oo OORT nee a eee . 197 

ea A SS Fa on sci wialice eleis’ emt so Aa = $0 RE KR ee ee eee 198 

TUR ne cies s clatecveeie's 450 C0's'« viene le syeteeL Ol oteieis erie ee raemate 200 

MT AYDA. J los ss cdc Fen u cscs spss acd ss boltee eee eee ae eee 

St, PE SH Oar ee a a ee 205 

GEOGRAPHY OF NORTH AMERICA. By SAmvue. H. Scupper, Cam- 

EE Jeae as cere Siouatoia hoe = aa cielo eet eee 206 

Tue [Nrertok DEPARTMENT: 

United States Geological and Geographical Survey of the ‘Yerri- 
tories, urider Prof. F. V. Hayden... ceca ae wee ine == sien 206 

United States Geographical and Geological Survey of the Rocky 

Mountain Region, under Prof. J. W. Powell.................. 213 

United States Entomological Commission............- Ria Re, 224 

Tue War DEPARTMENT: 

United States Geographical Surveys West of the One Hundredth 

Meridian, under Lieut. G. M. Wheeler, U.S. Engineer.......... 216 

United States Geological Exploration of the Fortieth Parallel, under 

Clarence King, Enginéety:<5 ave bed cb Samer A ep eee a oy = ac as 220 

Survey of the Great Lakes and of the Mississippi River.......... 220 

Miscellaneous Department Surveys... ....0scccsnesesrcrcsccese 219 

THe Treasury DEPARTMENT: 

United States Coast Survey..........eeses0% fas Meee ieee ar 222 



TABLE OF CONTENTS. ix 

GEOGRAPHY OF NORTH AMERICA—Continued. 

THE UNITED STATES CoMMISSION OF FISH AND FISHERIES..... Page 226 

Desa HOONTAN INSTITUTION |... cos ccccccacssanvems eis cccceens 226 

ema ot cee Sri o> cin cle States Geta, x ia Ss tia wa aR EL ae Dita nit 227 

SPGH GUC ANGINA: 5. Gk rue N tian o's vs Gite tunaeennane oes 227 

OSE) eee re-center mn CPE eg 227 

RE AERELME pec. on wy eee as ada oc av's ans. os Pe 228 

ER APMI NS Dette ct oe Yo. 3's Greve hd eco SINS) o/ireakl'w. wi mie wa Shem Wee 228 

MEERA TGR Vc 2s: 6s Sn SS eh a eine weak eaues Ol aaas a 228 

Topographical Survey of New York. J.T. Gardner.............. 228 

State Survey of Kentucky. Prof. N.S. Shaler.................. 229 

State Survey of Pennsylvania. Prof. J. P. Lesley............... 229 
Geological and Natural History Survey of Minnesota............ 231 

OPE y IEW EMS i ia teratararatatacare'e late wtaretalers eve ce eed fe Seen ed oeee Oars 233 

Per ORE TASCA ENG. 15.5 5) s'oa ces ds Coens « se asaave cst acuued aalels 233 

ee munity, Virssenini,, CAM DIIO LC 6:5 5° ace sic oc «210 «4's olmaleel s\g{s ales setae 233 

Praweibes Mreue, PE PECIGION. «5 «abe <2 soca os da selena sies a oatmeal 235 

MICROSCOPY. By Professor Hamiiron L. Smiru, Hobart College, Ge- 
Pie eee i er IS NS «ciate coc x acces weit Sw aisle 539 ae Sie ae 237 

Here EE SEI ISMN 7 ace a af tice es o/o'm os oo: u's « dix xiv <i> 9s simian wie ee 237 

PE AEA: AN DN: ORTHO TT VIG." ae oc <2s.0/< a's wia'ssce 0’ afd nema einen eee 238 

BENE PURE OS Ne a On ails px, 'a di adnigs ns Sw v2 ak aieinl0)= Hw Diaieia’e Gianerts alae aan 240 

pute RERONCE CCNNIS WEOUINCPUNGH. 34525 oo: e axis ola «3 vice, + diutaimete Sua Op oelere Soe am 241 

PR GRROISE A TORO ect ae cis wie Sain aw sia. o'e*sie's » Eee Cre Pee Cee EE 241 

SEN g te WD SAID NEGROES AC a ca 5 dic) co: 5:2 cio. niw'via wis 0: oloja.bjns ‘ne! a ale, a)acnvajereiay a) «ah aes 246 

epee MOURNING ETC Soran c fe) [visa slels ds aehigs Gis 6a wielm wie ae vines ee'e’s waeeeet 247 

=: LULU ae Gr Ea ee ee eee rrr er Creer rr nt” 248 

Ret ICAO GEE, eae P Re rate) och con citha at's shee evs owas) © ou.e sa 4.6 bore hare myeetahe mate 248 

Pere eT EEO A ND: IVE ENGI LOGS: «oie oo 's'niearaiaicrercen'p sob «od hence me 252 

ANTHROPOLOGY. By Professor Orts T. Mason, Columbian University, 

bees nnn estas PP Creare sae «wins inn, «Sip ele’ Ges heh as ye eenidel telge aan = aa 255 

SEINE GG VY OP Sern SS hafta inte als ocislo'n swe dninie bene soe 2 Perna eed athe = datale 256 

RMA TNC re ore cl cica Go s'siaie\e, vie 5.6 o:cn'e so d's vecsmene seuedalce sss 256 

PIPED 8 oo ah oa ials, sei os aise njold © sin.e he croleauise a’ nin.s aga 258 

eA A Te GACERCA yoo inate w o'a wie 2 o/ a/aie ats clpaaieaehde em Lisuhs eta e aceite es 259 

RNS nia ein aysigto «a,c. ha clases Ba o:¥, w a)ajale, 01m ae bese sim aid slain = s ='e/° 259 

Ee PES trot a on 0 gd ainge 2150! oie, sivioforn ala ales ¢.c,a16Nie- stale e/aive, ws 262 

EEG OSS SOS ARERR BEDE DOE OLE Dan ICO OOH OL ry IRC 262 

HE ERIE EMSS en NALS an cae SPE dele Dal atvivin oie's ain wage Sse 263 

[7 PEE VS Pe) 2 ee a Meer 263 

Anatomy, Physiology, and Psychology........-+++seeeeeesereres 263 

PA OMTANEY so cise oct ks oacins secs sss teen = acne eee erases s faa. 200 

Pehl AMCHICA,. 4, de scic each sets os tue base eee meee won 269 
| Wg 



x TABLE OF CONTENTS. 

ANTHROPOLOGY—Continued, 

OME DMNCTICN ,.. 6 ce be ces sdenteeeewee res eta MAGE Ree Page 265 

MEGTOPC so sin'ss vec cdecsmesannsa ly ches eRe ai Re Reamer 266 

PICS, ss oes ig bd os vin win o's opto a pee Sets 4 0 algae ale ee 267 

WONG | s. 5 Rares niutp'a’a So's 0 6 6.4.0 vay pia Sialeiclwin bl o> ipa niet glee 267 

OGTR I a's 5S eee ome so oc 05 on iein eee 267 

Gerieral Discussions, 105.60 oc Soo een a's oso 6 a's we win nw ishes a cision 268 

DCMOPORDNIY oa sects aces en emane ts sce 00> = ee 268 

MIO ci Ge cise ccc cc seccccccuouuiis mates cual np sie 268 

Ci eerie aA RE SE ee 268 

Middle ‘and South America. «sic cgg ses « 6s sweeper 269 

POWLOPC, 0 ob ange ps seed o yd cals wimprets «8 sigiein ois) 269 

PABA iid cae co Gm a incad Fa a = pit sae eee ates Boe tale ae nee 270 

OCOADICR . o0.55:0 s ngecs Ras Sa Gules Kettle: Ge ere 270 

Général Discussions... . 5.5» scie o'6 acs oe soos PERI Ee ee 270 

MALIAIT Oo 65 55 oa a dip,tin aru wa wh tahoe San celal ms ipeiale’ as cl eee 270 | 

ALMent. oi. Sivisiieiepecsin cn setae aleeiae aiate ae ie aed ee 270 . 

idifices «1... oh:fwads ode bane pee nie as «oe gee 270 
WW CBSEIS, 5°". te emilee vos ameter s's wb relevance Sate. sites ke eae ore 270 , 

Implemente;,. iexc5s oss: «ss op wens ono aap ae ere eeeeiieras 270 

WW GWE Grn oa cin ars Gs oc wm ei a cae ine mite S)elk eee 271 i 

IME sie 85 tra iro e lta footw Gin slain so eg elo ee ee 271 | 

Sporta. .i057. snes ak be Ee eee Seen Oke eee ee 271 | 
The Pani yy.) ./.\s''e's a's sa alels sme eins @/elain «aig bhe Sa ee 271 

otal Lifesc sc csisc the icelacie s oyesses om bs ale ice pee rf | 

GROVERMIM eM bis sais 5 oa iso 5.6 a's 50 ole one. odu. ale, =y=) 6 one 272 

PRC GION ai 5 oo ioe stinks discon ae 2b caginw.e oe » on Sr 272 

General Treatises, 0.6. oii ecko kee ane ss css os te eee 273 

SRST RUMENTADITIEG 25 \.. » <j0!ssc 0c o sienicisie see ce ofé oss ke 273 

PALAIS uc cin eas nv ere se wns op ale ap ow snp 05 0 c.cleld eae 273 

PEOPOUDIONORY iiss oo 5 in ain c's abv se tic oe slaw Sie 0.8 Gio’ dln oe 273 

NCCES «iin oc en Sn hielo a alain doe wlove ore nied ae 273 

MWANBROGIONS : ..'.'. cc ac 'e's's » s'v.s's'c'e 00 0 000 0 0 b> bie One 274 

RCOEITOG rasa aie oie oss ose 6a rule wiles wale eo! olate Sin rr 274 

MBO UINIS,, os ow oo nc wa we an 0m wie sce 0d p00 te be er 274 

Feriodicals ‘and Bibliography... .'. ..\.'...% an. te epee eS 274 

ZOOLOGY. By Dr. A. 8. Packarp, Jr., Director of the Peabody Acad- 
mmiyof Science; Salem, Mass... . 0°. ././.2.. 00. sno see ee 275 

PMMA ZOOLOGY... ooo s ssc nin nnn cad eens causls'+ one gett nen 275 

MUG cat oo eso n ete nasicveccnsusnanua da an an Ge ee 275 

S=zplorationa and Researches. .... 2.0. 6c... oven ce 275 

Relation of Animals to their Surroundings................+e.0+% 279 

DimorpMiamin oc... ecb bs ciia sac inc sd eeee eee 280 

Anatomy and Physiology... ......5..s\0s.-000 is 0+ ce pce 281 

* The chapter on the vertebrates has been furnished by Professor Theodore Gill, 
of Washington, D.C, 



TABLE OF CONTENTS. xi 

ZOOLOGY— Continued. 

PMOMERIOWN CF 04.4 81455 EVV ROR S oes Te ROO re eed ies Page 283 

EME EMOMDMONCSIS 7s saavs ais kv dee eee VETTEL LT POR Seah oes ce bee es 283 

VERTEBRATES (by Professor THEODORE GILL)...........scereeneece 284 

The Limits of the Branch of Vertebrates and its Classes........... 284 

Origin and Relations of the Vertebrates...............c0ceeeeees 288 

Pome vorthe United States si dcesess% vores + +s an endieiaeeese ys 289 

Bier EAELBELNIMOSE Fish. faeries esgrcionces ok ak , 00-0, tat ll eee 290 

SR MEET TOILE See 2 J5c «cid SUMO a Bes Ss sD sleds Baan oe 290 

ol TE LS See See ee eek We ee eee Vader 291 

SUUVE Eo 2 ete 8 <2 See ee ee nee ee hee ae 291 

Whar sumishes, and: BlaGkuiasse oo acres ss cc o.cla so noid calse Someta ere 292 

Pee Be OSLOINTOS A seeterc raters ese clave iste ie sels: re ois asadetnicke emo elect 292 

A New North American Family of Fishes..................2002: 293 

Pee eee OPENS en fat are oi2a\~ > ~ C's vrs a's, y riee ante oo s aia. cispeeaee ore 293 

TBSTDPO IS Rae Rees i sm Ne I de ae a oa ee A ee cer) OA, fa 296 

PaaUm OIG Ode AUR ASCAT co ca oo «soi nueialevn 8 aca ate &nsincasleie opeeisimains 2 296° 

Seem aCe stra lis yy sans oxsrers-< oictce ccacsicie dian oan ew eee falard pee ee 297 

CCT SPATTER ers ole ie ateis oe scia ate ciate io evel ay aie wiainioins sve acovern ate olin Alora 297 

siomislacentas Ol ELOSIMIANS:....a-c=: a acise ten cs cate cena eee 298 

ENA UHIESEESES ROAGT EIS ey pero rer ener serene ein, cciclale: Sole, oiciot eva, craTs Gverore Wlepepentane oiedebetereiere 300 

Protezoans, sponges, and Worms. « .....+;5 -|. ins + 4s cist daew duck as 300 

EXCITING CLINGS ora ak sf) aw ora al a icc A eS einai ere eros 304 

IWC eS 3S See ee SO EE eR aie en OIE bea Sot 5 Ate ay ne en 305 

BETISEACEATS hrc arnt oru hokcherS blaraoF oval Ssvete oi cle’ cto MNS oe ol atete cunts mers es 306 

ESSEC ES Hes er re ce nee Greg ae ae tare OIE IOS ide ORAM RS Tiana ae ee 308 

BOTANY. By Professor W. G. FARLow, Boylston Hall, Harvard College, 

Re ROR DE ASS 2 oie SE tA acs <n, <:a,0/9/eaige'm Sse wioimie 99 elackel deen oer 325 

CONES Ayer ner peat aero oe a ole ote ee DADS HOO alee Nob Stoel tle Wreetareee 325 

PE Tia AIS es Saray aba, asks og Fi o:a vicina ees aeele ay db cea ae ele 325 

Weectable Anatomy and Physiology... o... = xs swe anise ge eee 526 

IMETTISFATCENTOSSES re mrcens fi oha-s crs lois ataa herorkik erevsle ons &: AS ua ee ee eters 328 

IN RERERE EA MERE ia eae Sealand oooh ese din ck aie <mopsble yas aba hae ei dee sins 329 

LLG TYEE S > 5 aa LIE iol ee Soa eo Caen Ars Are ey et eae Sy 330 

ee PE ee nie Blears miss axe as, u's)h' « Sia je’ heiae adiolemhtaysn’ om mee Mole 331 

Pp eG LU ee ee ots See ate, oe hoped ee here epais ete ererenons Miereneers bis 332 

Viti (Geil ee ae Oe ea eta 332 

TER OGEHSSRUNiA NEE RICA; 5.055, </si 5 siete alee © tie, Sears aneyel aleh nals ieee se law meat eein waevel 333 

WERE DINGO tae to we oun e sas el ewan eeeaiae scl tee «toate 333 

PMO MOOG 5S. a> sip inin wae a, dm anid Deg hinhin\ein ojo ole + pm sin ai 30D 

ATT CG TNL AM eo ay ciel. oy'ocs cso. oslo c Oooreve aiesehatele ® ofeie's 0) overa,5 of elated) a aeanenneaene 336 

MASCERMANHOUS NOTES. 6.06 c-0s08 esses sce cobs tet cd CoD eee 337 

Classification of. Palms... .......2ccesccccesecscocccscsecvecuces 337 
oer 

OOS Ole LAG BADIAIAL LOG? <i: sas od v's o bela ate uie Stir tetera ie ainoear ee 337 



TABLE OF CONTENTS. Xi 

BOTANY—Continued. 

History of Helianthus tuberosus....... and Wen ee 46 oe Sand eee aa 
Living and Fossil Oaks of Europe........0+seeeeeerereee oe eo 339 

Rapid Growth of Fourcroya........ eq dvona dec inch ewer a Ses ee 

Exhalation in Lichens............-+++++0s: wee +, Kee .... 340 

Vitality of Graim........... cece cece cce cece vens ETT «late dan 

Fluorescence of Calycanthus ........ cece eee c cece eee ee ence eeeees 340 

The Effect of Frost on Chlorophyl Granules..............+-+ err 

Effect of Frost on Evergreen Leaves........6...e.eeeeee eens sais e NORE 

ea GOGHTL DTCC. 65 cbs s nce Bh oa daweigits obs pee tle me ela ae . 341 

Cyperus esculentus. ... 20s. cccceccscceccnstenes He A te ee. 2 Prey 

tie SICK Pear, ove geen cs cs on's's due ces FEM tacd's aes acta Cre a; . 342 

MGISDHOUS GASSES 0655s seek ts ce ase heme Cone ce wrleemnw ells 343 

History and Uses of Jaborandi.............-.eeeeeeeeeeeees es ee 

Vegetable Eider-Down...........ccccee ccc cers ccces cccccccees 544 

Charcoal for Gunpowder... .. 060i. cc ccec ieee ccnesereccuess same d44 

Homogonous and Heterogonous Flowers..........+.++++eeee eee 345 

Three Feet of Fern-Spores...........2ccceccececcsccccnscasscce 345 

Vegetable Poisons of Samoa..........--eeeee eee eee ener ee 346 

Batracend weartolaris 50... 6. wed cles cee eas mayen = u= ao emee stmeise «= 346 

Fertilization of Gentiana Andrewsit. .......0ccccccescecccncccces 348 

AGRICULTURE AND RURAL ECONOMY. By Professor W. O. Art- 

WATER, Wesleyan University, Middletown, Conn.................. 349 

AGRICULTURAL EXPERIMENT STATIONS.........---00+: saber ecee ca ee 349 

Growth of the Experiment Stations..............seseeeseeeeees 349 

Resources, Appliances, and Work of the Experiment Stations...... 350 

Tue ATMOSPHERE AS RELATED TO VEGETATION....... ime tams pee eetada 

Nitrogen Compounds Brought to Soil by Snow...........- See = 352 

Influence of Forests upon Rainfall and Temperature..........,... 352 

Tue Soin In 1rs RELATIONS TO VEGETABLE PRODUCTION.......... 393 

Agricultural Geology... ©... 25 25.).05 <ctcs ps cele UE eee eee 353 

Mew Jersey Marla. . .. 0.656. 5cc0 m0 baleen eee nettles eee 353 

Percolation of Water through the Soil, and Consequent Loss of 

PUAME-FOO . oo aoc 2 oie 0 0 5 nm 0.0,8, cists ime mene ia » 354 

Loss of Plant-Food through Rivers.........c.eseees eee eceeeees 304 

BOU-ADSOrPLiON .. 2.3. <0 sss cis es o's cain wi git ieee Ree 355 

The Causes of Soil-Absorption...........2ccescecesserececceens 396 

The Absorption of Bases by the Soil.............000ceeeeces avd.s BOO 

Oxidation of Nitrogen Compounds in the Soil............- Piinnees 357 

Sources AND Funcrions oF INGREDIENTS OF PLANT-FOOD........- 358 

The Sources of the Nitrogen of Vegetation.............se+eeeee: 358 

Sources of Nitrogen Removed from the Soil by Crops without Ni- 

trogenous Manure... . «5s» sax oie s0 .0'n'biaibicts 6k mlelsla Sleeper 358 

Leguminous Crops and Soil Nitrogen... ....0i.cseess seer cccses 359 



TABLE OF CONTENTS. Xili 

AGRICULTURE AND RURAL ECONOMY—Continued. 

Assimilation of Nitrogen by Leguminous Crops Aided by Potassic 

EMITETS, ons aoe: x nn os RPO Ape Mae AERO ea ad hae Page 359 

Is the Free Nitrogen of the Air a Source of the Nitrogen Assimi- 

Pee By, E ants 2. 2... «dence atin. > Pollok & nc ae Rew ea pled 2.5 360 

Ts the Combined Nitrogen of the Air the Source of the Assimilated 

TPOS ON 2 ons... 0a x 0 age gare Mileiow > due ose cae ees 361 

Niiratication by Electrical Discharges 22 y vs6.0. 5 enna ebeede ne tas 362 

Is the Nitrogen Combined under the Influence of the Soil a Source 

or fhe Supply Assimilated: by Plante?) 2 423% sslabesiahe te vs She's ox 362 

Best Forms of Nitrogen for Plant-Food..... eye. Cerne Ce eee 363 

pines eae Carbon of Plagkans 25 5% on ne sss shed dstee actemane . 364 

Phosphoric Acid as the Food of Plants.......... sha eahaly hs otek s 58 365 

Rea ew es TERE WHR ee tenon aoa. < Mlase oui atin 4 maipin wis Mele « 2 © 365 

Ane eVUOP MENT OR EL ANTS... occ cscs ceed oveb ax eassencumiee we 366 

NR reteset laps aectaioges BOS «ates eos niwve aia & vw, rve wieyaps inj e, gates 366 

Peele PEE UGTCTD OCI ACESS in avis sw 6 xd\o,eeinbib sae « uloe anniek aka emes 366 

PEL OMCHOUS PETERZCTS |. 55 2o's c/n ee ale W as oles SO a nm alee By heie od 367 

Eide RM rk or Sao 5 aha, ysis io, sina ntesoyeh5)0 2) a Se afaal he A eae 368 

emmentation: of Pish-Guand.. 2.252). 122s Sem ob Le aap Nite le ne 368 

Beate CELLUIACTSE A) o late ra. cldc xtaie «=< S0s(cia as. onda ai ay sinc sia wig Gaeta 568 

The Need of Better Information about Fertilizers................ atl 

POMEOSIVION: GF PLANTS. ..215/5 25:20) 2e da sis ae o's lo esate de Se eee . 372 

Opie WOE ANGE enVECE-EULSLOCS, onc a.a panos aatitence con ecaedens 372 

Buckwheat Straw ............. Sina o' oh dasm Sharon n eparoheptee! diets eae 372 

Pumpkins, Squashes, Broom-Corn Seeds, Weeds, etc............. 373 

Sugar-Beet Culture and Beet-Sugar Making.................... 373 

MuUPRELION. OF ANIMATS.—STOCK-FEEDING.........000.000deseee0ce 374 

Sources of the Fai of the Animal Body..........0%..2/a ce eesnee 574 

Effect of Fodder upon Milk Production.............c00ccecaeess 375 

Changes in the Milk during the Period of Lactation.............. 376 

GENERAL CONCLUSIONS FROM EXPERIMENTS ON EFFECTS OF Foop 

RENE Ne ERO DUCTION «5, 5 6 « 110,075 stacred oo vin Sintered onoa ale apa + he 376 

Garin) Pew ENG EXPERIMENTS: /... 0.2.1. 0S. So clecdcenee ceeaene 377 

The Digestive Capacity of Horses............00..-¢ ast ees 377 

eenORe OH HOUIS DY WIC. 225 cs. e asics aie s/o « oi anaes «mse eee 378 

Peers EP OOULIY IREOP: os onc Scdwa'ak a oecns See psece snc ee 378 

Value of Animal Waste as Food for Stock.—Fish-Scrap........... 379 

Practical Inferences from Feeding Experiments................-. 380 

ENGINEERING. By Witiram H. Want, Ph.D., Philadelphia, Pa....... 381 

EMME sence aioe Sad dso o'e owe OWE Oe Ae «v's vO 5 381 

THe CANAL ACROSS THE AMERICAN ISTHMUS,...........05 A SSI 382 

Ee MISMSOIP ED JETTIES. 15.2.5. wesc cscewesis ee tore. ee er Er ~ 383 

Orr, AMERICAN EXNGINEERING WORKS:....3200ccusovedcsteaccsece 384 



Xiv TABLE OF CONTENTS. 

ENGINEERING—Continued. 

IMPROVEMENT ON THE Upper MISSISSIPPI........6..+.++++++.Page 385 

THe MADEIRA AND MAMORE RAILWAY........ecc0ececesseecseecs SOD 

are Miyano “TONNEL «1k lies sc'es cow tatstoetuacocdes s paaa eaanianie eee 

STEAM-MOTORS ON CITY RAILWAYS.....ccsiscccccccccnccctsucccecs DOO 

Tae PATENT MODED BYSTEM..... 0.2.0 ivccecss sed satay Sekapesewaneee 

Sarp-CANAD PHROUBOT ‘ON: THE ‘SEINE. o)..25ch os oe ce cock eoussvercancnn OE 

Tae ATGERIAW GNELAND SHA ........ 0500 seus os 6200400 evil teiee mere 

Saninmend brie SAHARA. .;.. ..<:scccceessas0csc sade SReeeeE 

ANOTHER AFRICAN: PROJECT. «0.02.65 ccctla ad 5006060 econ madmen eee 

Vee SimPLON TUNNEL PROJECT 0. ccc cece des ccd de csos Sed eu wales emeee 

DRAINING OF ‘THO ZUYDER-ZEE.« 5 os cece ad ea dates sh o> dee eee eee 

MISCELLANEOUS........ caabancctuads foua Blac cede a0’ is Ore eee 

TECHNOLOGY. By Wiri1am H. Want, Ph.D., Philadelphia, Pa....... 395 

Tee Dopvy Dimect PROCESS: ..hoc8th udse 05s os a osaueeese ena p eee 

‘ANOTHER JOIRECT (PROCESS? cio aicioriece = eietovele wclaiele aiteletelauevegnreiatete yaaa . 396 

COMPARISON OF A CoAL-FURNACE AND A SIEMENS GAS-FURNACE IN 

wine’ MANUFACTURE OF PLATE-GLASS,....:.0.0sccesaceursaveescs OOO 

LNG RAPHY sates secs aes ase oe eo Ee ics Sea kee ai oe ee eae 

Tite “ARTICULATING THLEPHONE .. <><.» asus wen news ook eg eee eee 

THE PHONOGRAPH........ ae eect tara PAPE ere, Sri! 

Erecrric’ LIGHTNING. 5c. bss. does oss 1adn eas ee eee esta see ene 

DrinizATION oF BLAST-FURNACE. SLAG... 5ch a css wecme ce tues ced (ue 

Conp-PuNCHED VERSUS HotT-PRESSED NUTS........---s-eeese+0-. 402 | 

PRIDESCENT GLASS 0.060: 0 s0c cass ccc cet ce sous sbivinlle eels eietete meets 

MERCER ANEOUS.. «occ oud s «in och ssa So's: nie wie ib iw diese = meee 

— eee eee 

INDUSTRIAL STATISTICS. By Witi1am H. Want, Ph.D., Philadel- 

1 ol a: ee eS IEE ee Se Syed) 

PRODUCTION OF Pi1G-IRON IN 1876......... se Pacha euee ee ates Oe 

ConpDITION oF BLAST-FURNACES OCTOBER 1, 1877..........-.--..-- 407 

THe CoMPARATIVE Propuct or Pic-IRON By STATES............. 408 

PRODUCTION OF ROLLED IRON IN 1876.....00..0cecceesceceeevsner 409 

RAIL. PRODUCTION IN 1876........ siess a dodleheres aeeroherel iene Seas Lee nba walenne meee 

THE BESsEMER-STEEL INDUSTRY......sccsvsaeccavéousestMesenspes G00 

SrEEL PRODUCTION OTHER THAN BESSEMER........ -sceesssoseess 410 

Propvuction oF IRON AND STEEL BY THE OPEN-HEARTH PrOcEssS.. 410 

Tne Propuct OF THE FORGES AND BLOOMERIES.......-+ceeseeeees 411 

GENERAL ANALYSIS OF ToraAL Iron AND STEEL PRODUCTION....... 411 

Tne Iron TRADE OF THE UNITED STATES IN 1877.........-2-222- 412 

CURR RADE OF 1877... . 2... 0050 cece acide © sie cine enien ents ae 

PRODUCTION OF PRECIOUS METALS IN 1877........0ccecccccssccces Slo 

ROLLA NWS cainebeaenssecs 

SOG RCAPTEY oo cases aca aiacaleeueses ates swlacly 6 Wiutsie ine et: inte 

Bere MABHTICAL INDEX... 66.0. ctcecccns vo es bed ewes oe seca ee earn 



ANNUAL RECORD 

OF 

SCIENCE AND INDUSTRY. 

Ske sat Gar ab 

Acer ON: OMY: 

By EDWARD S. HOLDEN, 

U.S. Navan Opservatonry, WASHINGTON. 

INTRODUCTION. 

THE year 1877 will be remembered by the discovery of 
the two faint satellites of Mars more than by any other one 
event. A possible satellite of Jars has often been sought 
for by D’Arrest, Tuttle, and others, but an imagined analogy 
placed such a satellite or satellites farther from the planet 
than either of the bodies discovered by Professor Hall. These 
satellites may be said to be fatal to the analogies ordinarily 
quoted, and to show how vague a guide these really are. 
The outer satellite is almost unique in the solar system, and 
the inner one is quite so, in its relations of distance and mass 
with its primary. <A further account of these will be found 
in the proper place. 

The changes of spectrum of Schmidt’s Nova Cygni are of 
great importance, and are certainly not yet understood; and 
the same may be said of Dr. Henry Draper’s discovery of 
oxygen in the sun, even the nearer consequences of which 
have not yet been worked out. 

a 
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The astronomical expedition of Mr. David Gill to Ascen- 

sion Island is particularly noteworthy; and by advices from 

Mr. Gill up to October 8, it appears probable that success is 

secured. These and other subjects are spoken of briefly 

under their appropriate heads, but it must be remembered 

that the accounts here given are necessarily the barest sum- 

maries, and are intended mainly to call attention to work 
which has been done, in order that a reference to the origi- 
nals may be made when desired. 

NEBULZ AND THE NEBULAR HYPOTHESIS. 

Lord Rosse is preparing for publication all the observa- 
tions of nebule made at Birr Castle with his six and three 
feet mirrors during the last thirty years. Those drawings 
which have already been published in the Philosophical 
Transactions will not be republished. The whole will 
probably be divided into three or four parts, each com- 
prising 6 h. or 8 h. of right ascension. The editing is done 
by Dr. Dreyer, Lord Rosse’s assistant, and the work is to 
be published by the Royal Irish Academy. It is expected 
to be soon in the hands of astronomers. 

Dr. Dreyer is also engaged in preparing a supplement to 
Herschel’s general catalogue of nebule, ete., and any addi- 
tions or corrections to this should be sent to him. 

The Melbourne reflector has for some time been employed 
for the purpose of re-drawing all nebulz previously figured 
by Sir John Herschel. Forty-nine nebule have been care- 
fully drawn by the observers, and the results of the work 
are about to be published. Mr. Ellery speaks of the litho- 
graphic copies of these drawings as fully successful. 

M. Stephan, of Marseilles, gives the places of thirty new 
nebulz discovered by him, making 185 in all found at Mar- 
seilles. The first 125 of these will appear in Dreyer’s new 
catalogue of nebule. 

Dr. Koch, of the Leipzig Observatory, has published a 
micrometric investigation of the cluster G. C. 1712 for his 
inaugural dissertation. It contains an interesting réswmé 
of previous work of this kind. Other work of the kind is 
now in hand at this observatory. 

The cluster Gamma Argds, respecting which Gilliss re- 
ported changes since Sir John Herschel’s observations, has 
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been photographed several times by Gould at Cordoba; and 
Dr. Gould also reports that he has eight plates of Hta Argds 
and surrounding stars, of which a very large number is se- 
cured upon the photograph by an exposure of from eight to 
ten minutes. 

Dr. Valentiner, at Mannheim, has begun the investigation 
of several star clusters, and such investigations are to be 
continued as a principal work of this observatory. 

At Kiel, Peters continues observations of nebulzx for posi- 
tion, which were undertaken at Altona. 

Dr. Schmidt, of Athens, has just published in the Astrono- 
mische Nachrichten a suggestive paper on the connection of 
the nebula h. 3770 with variable stars in the vicinity. His 
facts seem to indicate a relation between them. 

M.'Tempel, of Florence, sends to the Astronomische Nach- 
richten, No. 2138, a long account of his observations of nebulz 
at Florence, which are prosecuted under many difficulties, 
and gives some account of the great variations which he has 
found to exist between drawings of the same nebula by va- 
rious observers. 

Professor Holden has a paper in Silliman’s Journal on the 
proper motion of the Zrifid Nebula. 
From the older observations of the two Herschels it fol- 

lows that— 

1, Krom 1784, July 12, to 1833, the triple star Sh. 379 was 
centrally situated between the three nebulosities. 

Again, from the later observations of Mason, Herschel, 
Lassell, Langley, Trouvelot, and Holden, it follows that 

2. Hrom 1839 to 1877 the triple star was not centrally situ- 
ated between the three nebulosities, but involved in A. 

It is shown that each of these propositions rests on a firm 
basis. Granted that 1 and 2 are correct, there are but three 
ways to reconcile the opposing facts: 

a. The triple star has a large proper motion. 
6. The nebula has a large proper motion. 
c. The nebula is subject to decided changes of brilliancy. 
The first point will be settled by meridian observations 

now in progress. The relative positions of the various stars 
of the group seem to have been unchanged since 1839. If, 
as is probable, the proper motion of the triple star is small, 
there remain the two alternatives } and ¢ to choose between. 
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Mr. Plummer has a note on the collective light distribution 
of the fixed stars. He finds that fully three fourths of the 
light of a fine night comes from stars which are individually 
invisible to the naked eye, and that on his hypothesis the 
total light of all the stars of the Durchmusterung is equal 
to 10.17x Venus at maximum brilliancy, or 1+78.6 of the 
mean full moon. His final conclusion is that “ either the 
Durchmusterung contains many stars (more than one third 
of the entire number) which, though rated as 9.5 magnitude, 
are sensibly below it, or else it must be assumed that at the 
average distance for stars of this magnitude a denser stratum 
actually exists, succeeded possibly by regions less fruitful 
beyond.” 

NEW STARS. 

“Schmidt’s observations of the new star of 1866 ( 7’ Coro- 
nce), continued up to the present time, show that after fall- 
ing from the second to the seventh magnitude in nine days, 
its light diminished very gradually year after year down 
to nearly the tenth magnitude, at which it has remained 
pretty constant for the last two years. But during the whole 
period there have been fluctuations of brightness at tolerably 
regular intervals of ninety-four days, though of successively 
decreasing extent. After the first sudden fall, there seems to 
have been an increase of brilliancy which brought the star 
above the seventh magnitude again, in October, 1866, an in- 
crease of a full magnitude; but since that time the changes 
have been much smaller, and are now but little more than a 
tenth of a magnitude. The color of the star has shown no 
change from pale yellow throughout the whole course of ob- 
servations.” 

Lord Lindsay makes the important announcement that 
Schmidt’s Nova Cygni (R. A. 21° 36™ 52°, Dec. + 41° 1653”), 
which blazed forth suddenly last November, exhibiting a 
continuous spectrum with numerous bright lines, now gives 
monochromatic light, the spectrum consisting of a single 
bright line, corresponding in position to the characteristic 
line of gaseous nebule. From this fact Lord Lindsay infers 
that this star, which has now fallen to 10.5 magnitude, has 
actually become a planetary nebula, affording an instance 
of a remarkable reversal of the process imagined by Laplace 
in his nebular theory. 
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Lord Lindsay’s discovery is, according to Mr. Christie, of 
Greenwich, “confirmed by an examination of drawings of 
the spectrum of this star at five epochs between 1876, Dec. 
8, and 1877, March 2, given by Dr. Vogel in a paper sum- 
marizing his own observations as well as those of other ob- 
servers. ‘Though in themselves these are not suflicient to 
indicate the conversion to a nebula, they acquire great im- 
portance in the light of the Dun-Echt observation, for they 
show clearly the progressive fading out, not only of the 
continuous spectrum, but also of the hydrogen and other 
bright lines.” 

This new star in Cygnus has been the subject of observa- 
tion by Cornu, Copeland, and Vogel by means of the spec- 
troscope; and from all the observations it is plain that the 
hydrogen lines at first prominent have gradually faded. 
With the decrease in their brilliancy, a line corresponding 
in position with the brightest of the lines of a nebula has 
strengthened. On December 8, 1876, this last line was much 
fainter than F, while on March 2, F was very much the fainter 
of the two. Lockyer, in commenting upon these facts, says 
that it has been shown by Croll that if the incandescence of 
this star came from the collision of two bodies, each having 
half the mass of our sun, and moving 476 miles per second, 
enough light and heat would be produced to cover the sun’s 
radiation (at the present rate) for 50,000,000 years. As so 
much light, ete., has not been produced, Lockyer argues 
that this body “might weigh only a few tons or even hun- 
dred-weights,” and that it may therefore be quite near to 
us, and he suggests that accurate observations for position 
may indicate a motion. 

Mr. S. C. Chandler, of New York, gives in the Astrono- 
mische Nachrichten, No. 2119, the results of his observations 
in 1875 on twenty-five variable stars. Anomalies have been 
detected in the light curve of &. Sagitte which point out 
the necessity of further examination. This series is note- 
worthy as being the only one made in the United States (we 
believe) since Masterman’s, published in Gould’s Astronom- 
ical Journal. 

Dr. Schmidt, of Athens, communicates to the Astronomische 
Nachrichten a long series of variable star observations made 
in 1876. 
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A new work of 113 pages quarto on the photometry of the 
fixed stars, by Wolff, is published at Leipzig. 

Klein, of Cologne, formerly announced that Alpha Ursce 
Majoris periodically changed color from an intense fiery red 
to a yellow or yellowish-red every five weeks. Weber, of 
Peckeloh, has observed this star during August, September, 
October, and part of November, 1876, and finds this period to 
be about thirty-five days, as before. This periodic change of 
color must, then, be admitted, and it is the first one which 
rests on a sure basis, and which regularly recurs at short 
intervals. 

Pogson’s catalogue and maps of variable stars are referred 
to under the head of star catalogues. 

Montigny, in the Bulletin of the Belgian Academy, 1876, 
No. 8, publishes an elaborate discussion on the scintillation 
of stars. 

Dr. Schmidt, of Athens, publishes in Astronomische Nach- 
vichten, 2109, an important paper on meteors, which com- 
prises the results of a thirty-four years’ series of observa- 
tions. 

P. Secchi has drawn up a list of 444 stars of marked color, 
giving their positions for 1870, as well as magnitudes and 
notes on the color. “This is a considerable enlargement of 
Schjellerup’s Catalogue, which contains 280 red stars; but 
that it is very far indeed from being exhaustive is shown by 
the circumstance that M. Fearnley, at Christiania, has noted 
no fewer than thirty-four such objects in observing a zone 
of about 5°. In fact, it would seem that the comparative 
rarity of red stars in catalogues is simply due to the observ- 
er’s attention not having been directed to this point; and 
there can be little doubt that a large number of stars of the 
sixth magnitude and under will be found on careful exami- 
nation to be decidedly red.” 

DOUBLE, MULTIPLE, AND BINARY STARS. 

A general catalogue of double stars is now printing which 
will probably be found to fulfil all the conditions for a work 
of this class. It is from the hands of Mr. Burnham, of Chi- 
cago, and is the work of many years. It will contain all the 
elements of position (for 1880) with the particulars concern- 
ing each star from the latest trustworthy authority, and 
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copious notes referring to previous measures. For impor- 
tant stars the entire history is given or rendered accessible, 
a special treatment having been adopted for binaries. It is 
to be printed as an Appendix to the Washington Astronom- 
ical Observations for 1876, and will be eagerly looked for- 
ward to by all to whom such a work is a daily need. 

The Observatory at Cincinnati has begun its work, since 
its removal to its new site, by researches in this field. The 
former observations of Mitchell have been reduced and pub- 
lished, and also a series of measures of double stars of south- 
ern declination. It is announced by the director, Professor 
Stone, that it is the plan of the Observatory to observe the 
doubles lying in the zone between 15° and 35°S. The great 
number of measures made by Otto v. Struve, at Pulkova, 
have been reduced and printed, but no copy has yet reached 
the United States. Recent measures of a large number of 
Struve’s doubles are, however, available in the work of Dunér, 
of Lund. This includes 2679 observations made in the nine 
years from 1867 to 1875. Measures of many of the doubles, 
arranged in chronological order, accompanied by a tolerably 
full discussion of the whole series of observations, from Her- 
schel’s to Dunér’s, are given. A table is added in which the 
stars are arranged in classes according to the are through 
which they have moved since the earliest observation. 

Class I. contains those stars which have moved through a 
complete revolution, and comprises 8 stars. 

Class II., those stars which have moved through 180° of 
their apparent orbit—8 stars. 

Class III., those which have moved through 90°—8 stars. 
Class IV., those which have moved through 30°—16 stars. 
Class V., those which have moved through 10°—48 stars. 
Class VI., those which certainly have an orbital motion— 

59 stars, etc.,etc. So that there are 147 stars in this list 
which have been proved to be binary in character. 

The recent measures of Dembowski, Ferrari, Schiaparelli, 
Wilson and Seabroke, Hall, Newcomb, Gledhill, and others 
are noteworthy, as well as the theoretical researches of Do- 
berck on binaries, but they are too numerous to be referred 
to in detail. 

The work of Lord Lindsay (“ Publications of the Dun-Echt 
Observatory,” vol. i.) is intended to supply the place of a gen- 
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eral catalogue so far as the double stars of W. Struve are 
concerned. It is a careful collection of all the measures of 
Struve in the “ Mensurze Micrometrice,” and in the minor 
works, and all these stars (above 3000 in number) are ar- 
ranged in order of their right ascensions for 1875.0. For 
each pair all the particulars of magnitude, color, distance, 
position- angle, date of observation, even the magnifying 
powers employed, are given, as well as the co-ordinates, 
right ascension and declination for 1875. The precessions 
are to be taken from a table appended to the book. The 
full notes give further measures. Thus the particulars re- 
garding each star are to be found collected on one line. If 
a reference to Struve’s own measures is desired, a column 
gives the page of the original work where these may be 
found. 

Flammarion, of Paris, has in the press a work on binary 
stars, etc.,in which all observations are given for each star, 
and a discussion of their orbits, etc., follows. 

Burnham, of Chicago, has lately discovered some interest- 
ing doubles, among which we may cite L 22020, p=60°+, 
f=0.5"; mises. 9,950) Arg-11636, p=—s0 “6! 7 eee 
8,9; L 18231, p=70°, s=1.3", mags. 8.5,10. ‘These are re- 
markably difficult stars to be found with a six-inch aperture. 
Mr. Burnham also notes that 8 Sextantis=A. C. 5 is a rapid 
binary, having moved 130° since 1860. 

It may be definitely stated that the new companions to 
Polaris reported by Boé do not exist, as Mr. Burnham, of 
Chicago, has examined this neighborhood with the 18-inch 
refractor at Chicago without finding them. 

Struve and Dubiago, of Pulkova, publish in the St. Peters- 
burg Academy Bulletin a new investigation of the orbit of 
2 1728=42 Come Berenices, The orbit is based on thirty- 
eight measured distances alone (the apparent orbit being 
strictly a right line), and the observations are represented 
with unusual exactness. The period is 25.71+0.080 years. 
This orbit must be regarded as better established than that 
of any binary. 

Gruber, of Buda-Pesth, gives the following elements for 
Lia Cassiopeie: Periastron passage, 1706.72; periodic time, 
195.235 years; eccentricity, 0.6244; longitude of node, 33° 20’, 
of periastron, 229° 27'; inclination, 48° 18’ (1850.0). These 
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elements satisfy the normal places well: @=8.639", and 
Struve has found the parallax 0.154”; mass of the system, 
4.63, that of the sun being 1, and @=56.10, the earth’s mean 
distance being 1. 

STAR CATALOGUES AND MAPS. 

The progress made in the zones of the Astronomische 
Gesellschaft cannot be definitely stated until after the pub- 
lication of the report of their meeting at Stockholm. The 
“ Durchmusterung des Nérdlichen Gestirnten Himmels,” the 
joint work of Argelander and his assistants, Kriiger and 
Schonfeld, embraces all the stars of the first nine magnitudes 
from the North Pole to 2° of south declination. This work 
was begun in 1852, and at its completion a catalogue of the 
approximate places of no less than 324,198 stars, with a series 
of excellent star-maps giving the aspect of the northern heay- 
ens for 1855, was at the service of astronomers, and has been 
in the most constant use from that time forward. Argelan- 
der’s original plan was to carry this Durchmusterung as far as 
23° south, so that every star visible in a small comet-seeker 
should be registered. His original plan was abandoned, but 
his former assistant and present successor at the Observatory 
of Bonn, Dr. Schénfeld, is now engaged in executing this 
important work. The same methods will be followed by 
Schonfeld which were so successful formerly; the equinox 
of 1855 is chosen as the fundamental one; and almost the 
only changes are the adoption of a telescope of six inches 
aperture for the work, and a closer discrimination of the 
magnitudes of the fainter order of stars. In the prosecution 
of the plan, Schénfeld has already determined the position of 
74,885 stars; and astronomers in the northern hemisphere 
will soon possess an index, as it were, to every star likely 
to be used in their observations. 

The last report of the National Observatory of the 
Argentine Republic is dated March, 1876. Dr. Gould re- 
ports that the Uranometry is ready for the press, except 
the text. The Zones, which were begun September 9, 1872, 

were finished August 9, 1875, and contain over 105,000 

stars, and comprise the region from —22° 50’ to —88° 10’, 
The Standard Catalogue now contains 4253 stars (12,661 

observations), besides 54 circumpolars (1461 observations), 
A 2 ~ 
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and the time stars (1684 observations). The observations 

for the catalogue will terminate in 1877, 

From a letter of Dr. Gould’s we learn that the reductions 

of these zones are in a forward state. All observations are 

reduced to the middle of the field in both co-ordinates in 

duplicate. The reduction to 1875.0 is completed for 700 
zones out of the 754; At,c, and n are computed for all the 

zones and two thirds of the refractions are completed. In 
February the work of printing the first meteorological vol- 
ume commenced. 

The maps of the Uranometry of the Southern Heavens, 
made by Gould and his assistants at Cordoba, are now pre- 
paring at Bien and Co.’s in New York. They are to be 
lithographed, and each map will be about half the size of 
the maps to the Durehmusterung. 

From the annual report of the Astronomer Royal to the 
Board of Visitors we learn that the new nine-year catalogue 
is well under way, and that Sir George Airy will publish his 
numerical lunar theory as an appendix to the Greenwich 
volume. 

The Paris Observatory continues the publication of ecliptic 
charts compiled from observations of MM. Henry. 

Houzeau, of Brussels, has presented to the Belgian Acad- 
emy a Uranometry of nearly 6000 naked-eye stars, which was 
constructed by him during a residence of thirteen months in 
the West Indies. It is presumed that this work will shortly 
be published. 

The Cape of Good Hope Observatory has published a vol- 
ume which contains the mean positions of 1246 stars, includ- 
ing all of Lacaille’s stars in the “ Celum Australe Stellife- 
rum,” which now fall between 155° and 165° N.P.D., and 
some additional ones in the same zone. Lacaille’s stars be- 
tween 145° and 155° N. P. D. were similarly observed in 1875, 
and those between 135° and 145° in 1876. We shall soon, 
therefore, have accurate places of all Lacaille’s stars. 

“ Although the observations of the moon, planets, and com- 
ets made at Kremsmiinster have been published from time 
to time, no publication of the results for stars has taken 
place, with the exception of a catalogue of 208 stars, printed 
in the Memoirs R. A.§8., vol. xii. Reslhuber, however, re- 
duced the observations of 560 stars to the epoch 1840; and 
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in order that this labor should not be altogether in vain, 
Herr Strasser, the present director, has incorporated with 
them his recent results for the period 1864-1874. He has 
thus formed a catalogue of 750 stars, all reduced to the 
epoch 1870, the two sets of observations being combined in 
case of agreement between the results.” 

Mr. Pogson, of Madras, has about 29,000 unpublished me- 
ridian observations of about 3000 southern stars, from which 
a catalogue is to be compiled and published. He is also 
making a complete atlas of telescopic variable stars in 136 
maps, containing the approximate positions of over 40,000 
stars. 

Dr. Gyldén, director of the Observatory of Stockholm, has 
published the first part of Vol. I. of the annals of that ob- 
servatory. It contains the observations of right ascensions 
made at Stockholm during 1874, and a catalogue of the mean 
right ascensions of these stars for 1875.0. Part second will 
contain the north polar distances; part third will contain 
tables of elliptic functions of use in the calculation of the 
perturbations of comets. 

Professor Safford, of Williams College, has prepared for 
the use of the United States Engineer Department Survey 
under Lieutenant Wheeler a catalogue of the declinations of 
2018 stars, which is now passing through the press. 

The catalogue of standard declinations, prepared by Pro- 
fessor Boss, of Albany, is now being printed. 

Dr. Loewy, of Paris, has presented to the French Academy 
of Sciences a catalogue of 521 moon-culminating stars. The 
places of these depend upon observations made at the Ob- 

servatory of the Bureau of Longitudes with portable instru- 

ments. The bureau has just completed the determination of 
the telegraphic longitudes of Neuchatel, Geneva, and Lyons. 

It will shortly undertake the determination of the longitude 

of Lisbon. Knobel’s important work on the Chronology of 

Star Catalogues is mentioned under Bibliography. 

THE SUN. 

In a paper published in the American Journal of Science 

and Arts, Dr. Henry Draper, of New York City, announces 

the discovery, by means of spectroscopic photography, of 

Oxygen in the solar atmosphere ; and he brings the evidence 
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to the eye by printing from his original negatives the juxta- 
posed spectra of the sun and of the gas. In the photograph 
can be seen each bright line of the oxygen spectrum matched 
and prolonged by a corresponding bright line in the spectrum 
of the sun. 

“While the metallic elements reveal themselves by dark 
lines in the solar spectrum, oxygen shows bright, and this is 
probably the reason why it has so long remained concealed ; 
for these bright lines or bands which indicate its presence 
are inconspicuous and easily mistaken for mere unoccupied 
intervals between the multitudinous dark lines which abound 
in the portion of the spectrum where they are found. The 
attempt has always been to identify some of the dark lines 
of the solar spectrum with those of the element in question, 
and the bright bands escaped investigation until the photo- 
graph brought out their significance. Why oxygen should 
behave thus differently from the other substances before de- 
tected it is not yet possible to say with certainty. A pos- 
sible explanation is that its very abundance has hidden it. 
A gaseous substance, sparingly present in the solar atmos- 
phere, would declare itself by faint dark lines in the solar 
spectrum; but ifthe quantity of the gas should be gradually 
and continuously increased, these dark lines, after growing 
for a time more intense, would then by degrees fade away, 
and when the quantity of the gas had become sufficiently 
great, would be replaced by bright ones. But on this hy- 
pothesis it is very difficult to understand why oxygen is not 
conspicuous in the chromosphere; like the substance which 
gives the so-called D® line, brilliant in the chromosphere 
spectrum, but invisible (usually) in the spectrum of the 
sun’s surface. Probably the full explanation lies somewhat 
deeper.” 

Professor Langley, of Pittsburgh, publishes in the Monthly 
Notices, R. A. 8.,a paper on the measurement of the direct 
effect of sun-spots on terrestrial temperature, It is not in- 
tended to show that the earth is, on the whole, cooler in 
maximum sun-spot years, as the discussions on the paper 
(as reported in the Astronomical Register) indicate it to have 
been misinterpreted to mean. The observations consisted in 
measuring the relative amounts of umbral, penumbral, and 
photospheric radiation. The relative umbral, penumbral, 
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and photospheric areas were deduced from the Kew observa- 
tions of spots; and frém a consideration of these data, and 
confining the question strictly to changes of terrestrial tem- 
perature due to this cause alone, Langley deduces the result 
that “sun-spots do exercise a direct effect on terrestrial tem- 
perature by decreasing the mean temperature of the earth 
at their maximum.” This change is, however, very small, 
as “it is represented by a change in the mean temperature 
of our globe in eleven years not greater than 0.3° C., and not 
less than 0.05° C.” 

Professor Langley has also had constructed an apparatus, 
which is similar in principle to one devised by Dr. Hastings. 
It consists of two prisms by which two spectra from various 
parts of the sun can be juxtaposed. Comparing the light 
trom the two limbs, for example, one is enabled to discrim- 
inate the atmospheric lines, and the proof of solar rotation 
and a measure of its velocity is easily to be had. It has also 
other applications. ; 

Nyrén, of Pulkova, has published an important paper on 
the position of the equinox for 1865.0, derived from obser- 
vations of the sun made with the Pulkova transit instrument 
(Wagener) and vertical circle (Déllen and Gyldén). The de- 
duced position of the equinox differs by +0.064” from that 
assigned by Greenwich observations, by +0.055” from Pul- 
kova (1845), by +0.011” from Paris, and —0.002” from Wash- 
ington. 

Professor Wolf, of Zurich, who has collected all available 
data in regard to sun-spots for nearly twenty-five years, has 
now these data for more than 22,000 days between 1749 and 
1876. Since 1848 these data may be said to be complete. 
The mean value of the solar-spot period he finds to be 11.111 
years + 0.307; but single periods may be two years longer 
or shorter than the mean. The maximum is nearer the pre- 
ceding minimum than the following one. A longer period 
of about 178 years (not 55) is also indicated. It is to be 
noted that 16 sun-spot periods, 15 revolutions of Jupiter, 6 
of Saturn, and 298 of Venus are nearly equal. 

Sun-spots continue to be observed photographically at 
Greenwich, Paris, Moscow, Toulouse, Kasan, Vassar College, 

and are observed visually at Madrid, Oxford, Berlin, Zu- 

rich, Leipzig. 
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Protuberances are observed at Palermo, Rome, Greenwich, 
Moscow, O’Gyalla, ete. 

The chief signal-officer of the army has proposed to the 
various observatories of this country, both public and private, 
to co-operate in physical observations of the sun. Every 
phenomenon of interest should be registered, whether relat- 
ing to spots, facule, or protuberances, etc. Each observa- 
tory that is willing to take up any special field, or that al- 
ready occupies such a field, is requested to give its results, or 
such part of them as it is willing to give, to the Signal Bureau 
for record in its Wonthly Weather Review. Thus a prompt 
publication is secured, In response to this invitation, the 
United States Naval Observatory is furnishing a record of 
the number of spots daily observed on the sun’s disk. This 
record is prepared by Mr. D. P. Todd. It is to be hoped that 
a regular series of photographic records of sun-spots can be 
made by some one or more observatories in the East, and by 
at least one on the Western coast. In order to render such 
observations of the sun complete, the establishment of these 
stations and one in Japan is required. 

Captain J. Waterhouse, of India, publishes a very com- 
plete account (illustrated with photographs) of the prepara- 
tions by himself and Tacchini to observe the solar eclipse of 
1875, April 6, in the Nicobar Islands. No photographs of the 
spectrum of the corona were obtained, on account of cloudy 
weather, but the details of the methods adopted are of value. 

Sir George Airy sends to Nature a list of thirty-seven 
ancient eclipses which have been computed by Hind, and of 
which the original manuscript calculations are preserved at 
the Royal Observatory. The earliest of these is B.C. 885, 
the latest A.D. 1652. There are twenty-one previous to the 
Christian era, and sixteen after it, and the whole is a most 
valuable contribution to chronology and the history of as- 
tronomy. Celoria, of Milan, has also published in No. XI. 
of the publications of that Observatory a discussion of the 
solar eclipses of 1239, June 3, and of 1241, October 6. 

The important total solar eclipse of 1878 will probably be 
well observed in America, Estimates for $8000 have been 
submitted to Congress for American parties. 

The reductions of the American Transit of Venus observa- 
tions are in a forward state. 
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A discussion of the telescopic observations of the late 
transit of Venus made by the British expeditions has been 
laid before Parliament. In this preliminary result the inter- 
nal contacts observed at five stations have been made use 
of, viz.: Honolulu, ingress accelerated ; New Zealand, ingress 
retarded very slightly; Rodriguez and Kerguelen, ingress 
retarded; Egypt (Mokattam, Suez, and Thebes), egress re- 
tarded; Rodriguez, egress retarded very slightly; Kergue- 
len, egress accelerated. The value of the sun’s parallax thus 
found is 8.760”, with a probable error of 0,013”, corresponding 
to a distance of 93,300,000 miles, with a probable error of 
140,000 miles, According to Christie, of Greenwich: “ Al- 
though there may be some small corrections to be applied 
to the individual results for errors in the provisional longi- 
tudes used, their amount can be but small, and it is hardly 
conceivable that the mean value can be sensibly affected. 
Nor is there any possibility of materially altering the re- 
sult by another interpretation of the language of the ob- 
servers concerned. We must, therefore, accept the fact that 
these observations of the transit of Venus give a value for 
the sun’s parallax which is considerably less than most of 
those which have been recently put forward, though still 
decidedly larger than Encke’s result. There remain, how- 
ever, the observations made in India and Australia, which 
will reinforce the rather meagre results for egress, and also 
the measures of photographs which promise to give a very 
accurate value of the parallax.” 

Deichmiiller, of Bonn, has published an investigation of the 
circumstances of the transit of Venus in 1882; it has been com- 
pared with a discussion lately published by Peter, of Leipzig. 

Mr. David Gill, of England, has taken up his residence at 
Ascension Island, for the purpose of making heliometric ob- 
servations of Mars to determine the solar parallax. The 
heliometer to be employed is the one used by Mr. Gill in the 
Transit of Venus Expedition of Lord Lindsay in 1874, in 
which Juno was observed and the parallax 8.82” deduced. 
This expedition is of great importance, in many ways, as 
it is quite possible that from its results the best determina- 
tion of solar parallax may be had, as the method employed 
admits of great refinement. The support given to the ex- 
pedition is also noteworthy, as the Royal Astronomical So- 
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ciety guarantees the expenses, £500, and as many observa- 
tories will join in the fixing of the star-places, ete. It con- 
trasts with the unfortunate expedition of Gilliss in 1849-52, 
who, on his return to the United States from Chili, found 
that his brilliant labors in the same field, although by a dif- 
ferent and less independent method, had been practically in 
vain, through the feeble support given by Northern observ- 
ers. Mr. Gill will also observe three of the asteroids for the 
determination of the solar parallax. 

The photographs of the transit of Venus obtained by the 
United States parties have been examined, and all those 
which were capable of measurement have been read off. 
They are as follows: 

Northern Stations. 

PUMIMROWOSE ONG oi. Sachs vce tcc icscnc cscs con eee 13 plates. 
PUMPMAN Ss ecalclais a jo'eln'a esata cs ov eeu souk oe oe ee we 788 

WPA tteoid ass kw aide cin 2255 oh ob iste 023 wield Oe 2G -«-*$ 

CAE SecA aE UPON ok. 00k Se ch ae 

meerprelon stands. 3. 0:2. c.02c'sscind pie's x ee ae ee 8 plates. 
onart VOW! ....;. svasek she vs «cote satan oe ot eee ee DBO poowe 

Scamipbell “Town ve eseasaue cos cc nce nt pct cee eels coe 5 

ESUCCHISLOWN .. oat eats anc eu seo cs coker es ee ae Cf ea 

Chatham Island Ree ee ite Ie. eee: ike Be: 

Total... A Vile eee ie luicteen tet eee eens eee 1sees 

The grand total for both hemispheres is 221 plates. Ow- 
ing to the great variability of the photographic diameters 
of the sun and Venus, it was found impossible to make use 
of any pictures which did not show a complete image of the 
sun. This excluded several hundred small photographs taken 
near the times of contact between the limbs of Venws and 
the sun. 

The above-mentioned measurements of the photographs 
have been so far reduced that the position-angles of Venus, 
relatively to the centre of the sun’s image, and the positions 
of the sun’s image relatively to the centres of the plates, 
have been tabulated. 

Their further reduction is under way, and it is expected 
that the reduction of all the observations of the transit itself 
will be brought to a close by the coming spring. It is also 
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hoped that the observations for longitudes of stations will 
be reduced before the end of the fiscal year, and with the 
present appropriation. 

The question of the best means for determining the solar 
parallax will receive new light by the publication of the re- 
sults of the heliometer measures of Juno by Lord Lindsay 
and Mr. Gill at Mauritius in 1874. The preliminary results 
obtained show a surprising accordance between the several 
nights’ work, and indicate a parallax not far from 8.82”, 

Another method promising good results is the observation 
of Mars and companion stars at the opposition of 1877; and 
to facilitate the application of this method, Professor East- 
man, of Washington, has prepared a carefully selected list 
of stars for observation on the meridian with the planet dur- 
ing the period from July 18 to October 12, with suggestions 
as to the method of observation. 

At the private observatory of Lewis M. Rutherford, Esq., 
New York, Mr. Chapman is making a series of photographs 
of Mars and comparison stars, which are afterwards to be 
measured. Two or more photographs are taken 3 h. east of 
the meridian, and the same number 3 h. west, so that from 
such a series the diurnal parallax may be had. 

It is said in Nature, of January 18, that the measurements 
of the French photographs of the transit of Venus is not 
progressing favorably, unforeseen difficulties having arisen. 
Only forty-seven out of one thousand have been measured. 

All the observations of the transit of Venus made by Rus- 
sian expeditions will be collected and published in one vol- 
ume, which is preparing at the Pulkova Observatory. 

PLANETS, ASTEROIDS, AND SATELLITES. 

Volumes X., XI., and XII. of the Annales of the Paris 

Observatory have arrived in the United States. ‘They are 

mainly occupied with the development of Leverrier’s theories 

of the motion of Jupiter, Saturn, Uranus, and Neptune. Vol. 

X. contains an important paper by Wolf and André on the 

“black drop,” with experiments. The Observatory has also 

published a series of six ecliptic charts in continuation of 

Chacornac’s. 
Leverrier’s researches on the planet Vulcan were concluded 

early in 1877. After an examination of all probable hypoth- 
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eses, the conclusion was that, to observe the planet a transit, 

astronomers must wait till 1881 or 1885, although there is a 

possibility of a transit in 1877. It has been suggested that 

the total solar eclipse of 1878 will be a favorable opportunity 

to search forit; and if an approximate position of it for that 

time is given, the planet must be sure of detection, if it really 

exist. 

of July for the purpose of seeing the unilluminated portion 
of the disk, but he was not successful. 

Ertborn, of Antwerp, publishes in the Bulletin of the Bel- 

gian Academy a series of observations on spots on Venus. 

Trouvelot, of Cambridge, is still pursuing his observations 

of the planets. During the present year he has made 112 

sketches of Jupiter, 80 sketches of Mars, and several of Sat- 

umm. The weather has been unfavorable for Mars, and a 
quiet atmosphere has not yet been obtained. A spot which 
appeared on Jupiter April 15 is still visible, and has been 
observed by Trouvelot twenty times. The adopted period 
of rotation does not agree with that indicated by the spot. 
If the adopted period be correct, the spot has a retrograde 
proper motion of great regularity, “almost too regular,” as 
M. Trouvelot remarks. 

Mr. Brett has published speculations on the “specular re- 
flection” of Venus, the main idea of which is that Venus 
reflects the sunlight from a vitreous envelope, much as a 
thermometer-bulb would do. Mr. Brett suggests to observ- 
ers of the next transit of Venws the propriety of looking in 
the globe of Venus for a reflected image of the earth, which 
will appear as a “minute nebulous speck of light.” This 
“nebulous speck” would be less than one fiftieth of a second 
of arc in diameter. Considering the difficulty of seeing Venus 
herself when very close to the sun, the hope of carrying out 
the provisions of this plan is rather a forlorn one, particular- 
ly as the light of this “speck” is diminished by reflection, 
and is to be seen close to a bright background. 

On December 7, 1876, Professor Hall, of the Naval Observa- 
tory at Washington, discovered on the disk of Saturn a brill- 
iant oval white spot, which was observed to move across the 
disk for about an hour. It was central at 6 h.18 m. Washing- 
ton mean time. Information was sent to various observato- 

Lassell, of England, examined Venus on the 12th and 13th 
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ries in the United States, and observations were received from 
Edgecomb at Hartford, Mitchell at Vassar College, Boss at 
Albany, and Clark at Cambridge. It was first seen by Monck- 
hoven, of Gand, December 6, at 22 h. 15 m. sidereal time, and 
was then about central. It should be noted that the rotation 
time of Saturn’s ball, as given in many modern books (10 h. 
29 m.), belongs to the ring (Laplace, “ Mécanique Céleste”), 
while the true rotation time is near that given by Sir William 
Herschel (10 h. 16 m. 0.44 s.). Observations of this bright 
spot on Saturn were obtained through sixty-one revolutions 
of Saturn’s ball. The resulting rotation time is 10 h. 14 m. 
23.8 s.+2.30 s., which differs from Sir William Herschel’s 
determination (10 h. 16 m. 0.4.) by less than 2 m. 

Marth, of London, continues the publication of an extend- 
ed ephemeris of the satellites of Saturn. These objects are 
observed by Hall, of Washington, at Greenwich, by Pratt at 
Brighton, and by Pritchett, of Glasgow, Missouri. 

Professor Hall has given in the Astronomische Nachrichten 
elements and an ephemeris of Hyperion, the faint satellite of 
Saturn, derived from his own observations. Although these 
elements are regarded only as provisional, the inclination in 
particular requiring further observations to determine it, 
they are very close approximations, as is shown by the ac- 
cordance of the ephemeris with the Washington observa- 
tions of 1877. 

With regard to Hall’s elements of Zyperion, Hind remarks 
that they lead to the following numbers, assuming the solar 
parallax as 8.86”: mean distance, 914,000 miles; least dis- 
tance, 800,000 miles; greatest distance, 1,028,000 miles. 

In Comptes Rendus (March 26), Tisserand gives the re- 
sults of his observations of the five interior satellites of 
Saturn. Mimas has been observed five times, Hnceladus 
seven times, etc. Tisserand gives the apparent diameter 
of the ring, as deduced from observations of three of the 
satellites, as below: Tethys, 40.45"; Dione, 40.61"; thea, 
40.47”; mean, 40.51’—which shows that the method of 

observation adopted (William Herschel’s and Lassell’s) is 

susceptible of great accuracy. 
Professor Hall read to the Philosophical Society of Wash- 

ington a paper on the shape of the shadow of the ball of 

Saturn on the ring, in which mention was made of the ab- 
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normal direction of the curvature of the bounding-line of 
the shadow, it being now convex towards the ball, instead 
of concave. The abnormal figure of this shadow has often 
been noticed, and is corroborated by many independent ob- 
servers. In particular the drawing of the shadow by M. 
Trouvelot, October, 1874, is undoubtedly correct, as other 
drawings made at the same time by other observers give 
the same appearance. 

Todd, of Washington, has prepared a continuation of 
Damoiseau’s tables of the satellites of Jupiter, which ex- 
tends to 1900. This has been printed by the American 
Ephemeris in a quarto of forty pages, and will be sent to 
any astronomer having a copy of Damoiseau. The errata 
in Damoiseau’s tables found by Hind, Kendall, and Todd, 
respectively occupy nearly three quarto pages. The British 
Nautical Almanac for 1881 contains tables with a similar 
object by Professor J. C. Adams. 

An outer satellite of J/ars was observed by Professor 
Asaph Hall, U.S.N., at the United States Naval Observa- 
tory, on the night of the 11th of August, 1877. Cloudy 
weather prevented the certain recognition of its true char- 
acter at that time. On August 16 it was again observed, 
and its motion was established by observation extending 
through an interval of two hours, during which the planet 
moved over thirty seconds of are. 
An inner satellite was first observed on the night of 

August 17, also by Professor Hall. Both were discovered 
with the 26-inch telescope made by Alvan Clark and Sons. 

On Saturday, August 19, the discoveries were telegraphed 
to Alvan Clark and Sons, Cambridgeport, Massachusetts, in 
order that, if the weather should be cloudy at Washington, 
they might confirm the existence of the satellites with the 
26-inch telescope of Mr. M‘Cormick, which is in their hands. 

These discoveries were confirmed by Professor Pickering 
and his assistants, at Cambridge, Massachusetts, with the 
15-inch telescope, and by the Messrs. Clark, at Cambridge- 
port, with a 12-inch glass. 

On August 19 the discoveries were communicated to the 
Smithsonian Institution, by which they were announced to 
the American and European observatories. The period of 
the outer satellite is about 30 h.18 m.; of the znner, 7h. 85 m. 

a 
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The inner satellite is intrinsically the brighter, and the 
outer one has been seen with the 9.6-inch Munich equatorial 
at Washington. The most remarkable point of this im- 
portant discovery is the short period of the inner satellite, 
which is only one third as long as that of J/imas, the in- 
nermost satellite of Saturn, hitherto the object having the 
shortest period in the solar system. 

Apart from the physical interest of these brilliant discov- 
eries, these satellites will furnish an accurate determination 
of the mass of Mars. From the observations of the first 
nine days this mass appears to be sg5bu00- The discus- 
sion of all the observations will change this somewhat. 
A curious fact about the relative visibility of these satel- 

lites in various European telescopes is noticed elsewhere. 
Photometric measures of the satellites of Mars have been 
made by Professor Pickering and Mr. 8, C, Chandler. 

The series of observations made by Professor Hall on the 
moons of Mars ended October 31, the planet having re- 
ceded to a distance at which they become invisible, even 
with the 26-inch refractor. Not until 1879 will there be 
any opportunity to see them again, and that will not give 
nearly so good a view as the past season. Professor Hall 
has secured fifty-one observations of the outer (Deimus) and 
forty-six of the inner satellite (Phobus). 
A passage in the 15th book of the “Iliad,” where Ares 

is preparing to descend to the earth, has suggested these 
names for the two satellites of Mars, which names, it 1s 
understood, Professor Hall has approved: 

““Oc dato Kai p’ immouc KédeTo Agipdy Te BoPov TE 
ZLevyvopev ” . ; : : > 

which Pope renders— 
‘¢With that he gives command to Fear and Flight 

To join his rapid coursers for the fight.” 

Deimus and Phobus are the names adopted. 
Todd, of Adelaide, Australia, has made an important 

series of observations of the phenomena of Jupiter’s sat- 

ellites. Besides the record of the times of the phenom- 

ena, notes on the physical appearances of Jupiter and the 

satellites are given. “On one or two occasions when a 

satellite has been on the point of occultation it has ap- 

peared as if seen through the edge of the planet, as if the 
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latter were surrounded by a transparent atmosphere laden 
with clouds.” 

Dr. Meyer, in the V. J. S. of the Philosophical Society of 
Zurich, has an interesting résumé of the history of the dis- 
covery of Veptune, which is one of the best of the shorter 
accounts of this discovery; and in No. 87 of the Astrono- 
mische Mittheilungen he gives a brief but excellent sketch 
of the history of double stars, together with a series of 
measures and an investigation of the orbit of 3 634. 

The Astronomische Nachrichten also contains an account 
by Galle of the discovery of Veptune. 

Peters, of Clinton, notes a striking similarity between the 
orbits of Gerda (122) and Urda (167), their elements being 
alike except in one point. They move in one orbit about 
the sun, in the same periodic time, but are about 180° apart. 

In the Smithsonian Report for 1876 Kirkwood has a sta- 
tistical paper on the asteroids, in which the distribution of 
their perihelia, etc., is considered, and the analogies of the 
elements of their orbits are noted, and the same subject has 
been considered by Luther. 

In a note by the veteran observer of asteroids, Luther, it 
appears that in the last twenty-nine years he has made no 
less than 819 observations of 98 asteroids! 

Mr. Stockwell, of Cleveland, in studying the orbit of the 
asteroid Gerda, which has been observed in 1872, 1873, 1874, 
1876, and 1877, finds that the ensemble of the observations 
leads to corrections to the elements which are quite inad- 
missible. The omission of the observations of 1873 leads to 
elements which almost perfectly represent the observations 
of 1872, 1876, 1877, but leave residuals of 27’ (a) and 9’ (é) 
for 1873. Using the 1878 observations alone, elements are 
obtained which satisfy them within less than 1” in both co- 
ordinates. The two sets of elements are closely alike in four 
elements, but the major axes make an angle of 5° or more. 
It is probable, according to Mr. Stockwell, that the planet of 
1873 was not Gerda. 
We have had to record the rediscovery of Maia (66), and 

by a similar process Camilla (107) has also been found. 
Schulhof prepared an ephemeris from January 8 to Febru- 
ary 25 from the various systems of elements heretofore de- 
termined. ‘That the uncertainty of this was enormous may 
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be seen from the fact the R.A. on January 8 might have 
been between 7 h. 35 m. and 10 h. 29 m. The space to be 
examined was divided between Paris, Marseilles, Berlin, and 
Pola. On the 2d of March, Palisa, of Pola, after having 
mapped 2800 stars, detected the missing asteroid, 

ASTEROIDS DISCOVERED IN 1877. 

Name. 
Mag. at Discovered Observatory 

Discovery. by : of 

Myrrha Perrotin 4 | Toulouse. 
Ophelia Borelly 8 | Marseilles, 
Baucis Borelly 9 | Marseilles. 

Borelly 10 | Marseilles. 
Watson 20 | Ann Arbor. 
Watson 21 | Ann Arbor. 

Idunna Peters 27 | Clinton. 
Paul Henry Paris. 
Palisa IL | Boles 
Watson 22 | Ann Arbor. 
Palisa 12 | Pola. 

Lumen, 141, was independently discovered by Watson and Borelly in 
August, and Athor, 161, in Oct., by Palisa. The column ‘‘ No.” gives the 

current number of each astronomer’s discoveries. 

THE MOON. 

Professor Newcomb, of Washington, has published an in- 
vestigation of corrections to Hansen’s tables of the moon, 
with tables for their application, forming Part III. of papers 
printed by the United States Transit of Venus Commission. 
The object of the memoir is to aid in the reduction of the 
occultations observed by the various parties for longitude. 

In this paper is announced the discovery of an inequality 
in the longitude of the moon, which has a period of 27.4 
days. It can be put in the form 

év=+1.5” sin. [g+21.6° (Y —1865.1]), 

g being the mean anomaly. 
This term was deduced empirically from a discussion of cor- 

responding Washington and Greenwich observations. More 

recently Neison, of England, has given an account of some 

lunar perturbations produced by Jupiter, and has shown that 

these gave rise to a new periodical term in the moon’s lon- 

eitude, which could be expressed by 

éu= +1.163” sin. [g+20.85° (Y —1864.4) ]. 
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From this it follows that we have to do with a real inequal- 
ity theoretically deduced by Neison. The agreement be- 

tween the theoretical and Newcomb’s empirical term is a 

satisfactory one. ‘The two independent results confirm each 

other and dispose of the doubts expressed as to the reality 
of this term. 

The numerical lunar theory of Sir G, B, Airy is in a for- 
ward state, and one section of it is to be printed as an Ap- 
pendix to the forthcoming volume of Greenwich observa- 
tions. 

Dr. George W. Hill, of the American Ephemeris, has re- 
cently printed (priv ately) an exhaustive treatise on that part 
of the motion of the lunar perigee which is a function of the 
mean motions of the sun and moon. From this work we 
learn that its author is also engaged in other researches in 
the lunar theory, which are shortly to be published. This 
work of Dr, Hill has met with a most cordial appreciation 
abroad from Professors Cayley and Adams. The latter con- 
firms its principal conclusions from unpublished researches 
of his own. 

In a recently published pamphlet on astronomy in Rome 
during the pontificate of Pius [X., Secchi gives an account 
of his unpublished observations on the lunar surface. 

Professor Alexander, of Princeton, has brought forward a 
variety of evidence tending to indicate some envelope, like 
an atmosphere, for the moon. This evidence was principally 
drawn from observations during eclipses. 

The work of Professor Newcomb on the Lunar Theory, 
after suffering an interruption of some years, was recom- 
menced in 1876. That part of it which consists of a new 
reduction and examination of all recorded eclipses and occul- 
tations of value before 1750 is substantially complete, most 
of it being in the hands of the printer. The ancient obser- 
vations which have been considered most reliable indicate 
a correction of more than half an hour to the times of an- 
cient eclipses as hitherto calculated from the tables. This 
correction so changes the computed paths of the moon’s 
shadow during total eclipses that the chronological ques- 
tions involved in them will no doubt have to be re- examined. 
The most remarkable result of the research is that the mo- 
tion of the moon during the past 250 years may be very 
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closely represented by the alteration of a single term in 
Hansen’s tables. The question whether this alteration is 
admissible in the theory cannot yet be decided. 

COMETS. 

The recent dearth of comets has been supplied in 1877 by 
the discovery of five. Comet @ was discovered by Borelly, 
of Marseilles, on February 8, and was visible as a telescopic 
object till March 18 in Europe, but was observed by the 26- 
inch telescope at Washington so late as March 30. It had 
the usual comet spectrum. Comet 6 was discovered by Win- 
necke, of Strasburg, on April 5. Young, of Dartmouth, and 
Wolf, of Paris, have investigated its spectrum, which 4s of 
the usual type. Comet ¢ was discovered by Swift, of Roch- 
ester, on April 10, and independently by Block, of Odessa, 
on the same date, and by Borelly on the 14th. Comet d 
remained a tolerably bright object until some time in July. 
Comet ¢ was always faint. There is a strong resemblance 
between the elements of comet ¢ and those of the comet of 
1762, but the researches of Holetschek indicate that these 
are different bodies. 

D’Arrest’s comet was found by Tempel, of Florence, in 
the place indicated by Le Veau’s ephemeris. 
Comet e was discovered by Coggia, September 13, and f 

by Tempel, October 2. 
In regard to comet 3, 1877 (Winnecke’s), the discoverer 

has remarked that a similarity exists between its elements 
and those of comets II. 1827 and II. 1852. The intervals 
1827-52 and 1852-77 being equal (twenty-five years) lends 
additional strength to the supposition of identity. This 
question is remarked upon by Hind in (ature (April 19), 
who says: “The case is a very curious one, and possibly 
unique of its kind: similarity of elements at three epochs 
separated by very nearly equal intervals; and on the as- 
sumption of a corresponding period of revolution, a very 
near apparent approach to the planet (Jupiter) which so 
greatly disturbs the cometary orbits; yet action to account 
for outstanding differences of elements could not have taken 
place on either occasion of the comet’s passage through that 

. part of the orbit where great perturbation would be looked 
fox.” 

B 
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The Annals of the Moscow Observatory (Vol. III., Part 1.) 

contains an important paper by Bredichin on the anomalous 
forms in the development of the tails of comets, with especial 
reference to comet II. 1862, and a reduction by Gromadski 
of meridian observations of fundamental stars by Bredichin 

and Khandricoff. The results of the first of these papers 
have been published in the Astronomische Nachrichten. 

Dunér publishes in the Proceedings of the Stockholm 
Academy, 1876, No.1, a paper on Coggia’s comet of 1874, 
accompanied by nine drawings. 

SPECTROSCOPIC OBSERVATIONS. 
No publication in regard to photographic spectra of stars 

has been made by either Dr. Huggins or Dr. Draper since the 
first announcement of their preliminary results. It is under- 
stood that the observation of the spectra of fixed stars will be 
a principal work of the new observatory of Princeton College. 

Dr. Konkoly, of the O’Gyalla Observatory, in Hungary, has 
recently communicated the result of his observations on the 
spectra of 160 fixed stars to the Hungarian Academy of 
Sciences. The bright bands in the spectrum of Leta Lyra, 
found by Vogel in 1871, and previously by Secchi, are now 
wanting. 

Secchi publishes a list of 444 colored stars from Sehjel- 
lerup’s list and his own observations, with notes on their 
spectra, ete. It is noteworthy (and little known) that Sir 
William Herschel recognized the essential differences of the 
first three types of Secchi so early as 1798. (See Phil. Trans., 
1814, page 264). 

The change of spectrum of Vova Cygni is noticed in an- 
other place. 

ZODIACAL LIGHT. 

From information received from Mr. 1. C. Lewis, of Ger- 
mantown, we learn that he continues to see the zodiacal 
light from horizon to horizon, and also that the veritable 
Gegenschein, as an oval spot of light in the zodiacal light, 
appears distinctly, and from month to month shifts its place 
in the stars so as to keep about opposite the sun. 

In the Comptes Rendus for July 2, Hugo has a note on a 
luminous column vertically extended above the moon, and - 
some four degrees in length; and Trouvelot has recently 
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published in the Proceedings of the American Academy a 
note on a similar phenomenon, under the caption ‘The 
Moon’s Zodiacal Light.” In the Paris Memoirs, 1771, p. 434, 
Messier describes a similar phenomenon, which has never 
yet been explained, and gives a wood-cut of its appear- 
ance. 

TIME. 

One of the few ways in which astronomy can make itself 
practically valuable to the community at large is in the dis- 
semination of standard time to navigators and to men of 
business. The following notes refer to what has been done 
in this direction during 1877. 

The recent invention of Barraud and Lund, of London, 
for controlling a clock by automatic or other signals is de- 
scribed in an advertisement in the Zelegraphic Journal for 
May, 1877. It has the capital advantage over the Bain 
system that the clock may run ether fast or slow without 
affecting the control. It suffices to control a clock whose 
rate is +2 minutes daily. It appears to be a suitable de- 
vice for the regulation of the clocks of mannufactories, rail- 
ways, churches, etc., where a control to the nearest minute 
is all that is required, and where economy is necessary. In 
this connection it may be noted that the Paris Observatory 
now controls the clocks of the Conservatoire, St. Sulpice, and 
the Luxembourg, and the system is to be extended to the 

clocks of the various cab-stands, which will be a very prac- 
tical and valuable step. 

The public clocks of Vienna are controlled by a pneu- 
matic-motor clock which is said to have been very satisfac- 
tory. 

The Trinity House of England is adopting gun-cotton as 
a means for fog-signals, and it may prove a valuable substi- 
tute for the time-guns now established in the various ports of 
the world in cases where the sound only is available for sig- 
nals. Where the flash can be observed a gun is preferable, 
or an electric light, as used at Melbourne. 

Redier describes in the Comptes Rendus a simple device 
for correcting the going of clocks for changes in rate due to 
changes of atmospheric pressure, by means of a small aneroid 
barometer fastened to the pendulum bob. 

The Naval Observatory of Washington has been for some 
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time dropping a time-ball erected by the Western Union 
Telegraph Company on their main building in New York 

City. ‘The ball is dropped at New York noon, for the bene- 
fit of navigators and others. This ball has been in opera- 

tion for four months without a single failure. It is al- 
ways within 0.5° of the truth, and every day its error is 
published in the New York papers, so that it is practical- 
ly a perfect signal. 
A similar one is to be erected at Baltimore at the expense 

of the Baltimore Board of Trade. 
The Observatory of Harvard College offers to supply 

standard time to railways and others in New England in 
extension of its present system, which is already widely 
useful. 

The Navy Department has printed an important paper on 
the rates of chronometers as affected by temperature, by 
Lieutenant-Commander C, H. Davis, U.S.N., and the same 
subject is elaborately treated by MM. de Magnac and Vil- 
larceau in “ La Nouvelle Navigation.” 

INSTRUMENTS AND OBSERVATORIES. 

Astronomical Instruments. 

Alvan Clark and Sons, of Cambridgeport, have just com- 
pleted an 11-inch photographic refractor for the Lisbon Ob- 
servatory. It can also be used for visual purposes. The 
general design of its mounting is very stable and elegant. 
They have also finished the objective of a new 94-inch equa- 
torial for Princeton College. It is constructed on Gauss’s 
curves, and is said to be very fine and to have decidedly 
less outstanding color than the ordinary forms of this aper- 
ture. The crown-glass is capable of being rotated in the 
cell of the flint, and is thus separated from it. In this way 
it is intended to adapt this objective to photographie work. 
No crown-glass has yet been ordered for the 27-inch flint- 
glass belonging to Yale College, and the M‘Cormick 26-inch 
glass is still in the workshop, although it is fully completed. 

Mr. Howard Grubb, of Dublin, publishes an important 
paper on the great telescopes of the future, in which he 
discusses, first, the advantages of each class of instrument, 
aud, second, the effect upon these advantages of increasing 
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the size. He gives the considerations which indicate in 
what respect important advances in the art of instrument- 
making are to be looked for. First, Mr. Grubb says that 
beyond an aperture of 35.435 inches reflectors will have the 
advantage over refractors. NRefractors have the advantage 
in their “ greater permanence of collimation, and consequent 
suitability for ordinary observatory work, and for measur- 
ing purposes,” as also in permanence of the optical parts, in 
the fact that they have no central mirror to disturb the 
course of the rays, and the comparatively slight effect of 
air-currents upon them, since the tubes can be closed at 
both ends. The advantages of reflectors are absence of a 
secondary spectrum, better applicability for work in celes- 
tial photography, photometry, spectroscopy, ete.; the pos- 
sibility of supporting them with perfect freedom from 
flexure irrespective of size (perhaps this conclusion of Mr. 
Grubb will not be generally accepted), and their general 
convenience for observing purposes. Mr. Grubb looks with 
most hope to large metal specula for the best results. 

The question of the relative goodness of reflectors and 
refractors has some light thrown upon it by recent obser- 
vations of the satellites of J/ars. These were both easily 
seen and measured in a refractor of 12 inches aperture. 
The outer satellite has been certainly seen with a refractor 
of 7 inches. With an 18-inch silvered-glass reflector, Key, 
of Hereford, was barely able to see the outer satellite when 
its exact position was known. At Marseilles the outer sat- 
ellite has been observed with a refractor, but neither of the 
two has been seen with the reflector of 31 inches aperture, 
“on account of diffused light in the field.”” The silvering 
of this mirror has, however, deteriorated through age. 
With the 6-foot reflector of Lord Rosse the outer satellite 
alone was seen up to September 20, and “not well enough 
to measure it.” At Melbourne neither satellite was seen 
with Mr. Grubb’s 4-foot reflector, and we have no account 
of observations with Mr. Lassell’s 2-foot reflector. As far 
as has been reported, not a single reflector has even seen the 
inner satellite. 

At the same time Grubb also publishes his new illustrated 
catalogue of instruments, domes, etc., which is really an im- 
portant addition to the literature of the subject. The cata- 
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logues of two American makers, Buff and Berger, of Boston, 
and Fauth and Co., of Washington, are noteworthy in this 

connection. The latter firm has lately proposed to make a 

transit-circle for Princeton College, which, when completed, 

will be the first meridian instrument of large size made in 
the United States. A transit instrument for the same col- 
lege has been completed by Kahler of Washington. 

The 18-inch refractor for Strasburg has had several objec- 
tives made for it by Merz, among which a choice must yet 
be made, and until then work on the mounting is stopped. 

Grubb, of Dublin, has just completed two 83-inch equa- 
torials for Berlin and Dresden, in which he has incorporated 
his latest improvements with regard to dlumination of 
field, wires, etc. One reading microscope suffices to read 
both declination and right-ascension circles. 

The Naval Observatory of Washington has recently pub- 
lished a description of its principal instruments, with plates. 
It is Appendix I. to the Observations for 1874. 

Titano-silicic glass prisms have been examined by Pro- 
fessor Stokes and Dr. Hopkinson, and the hopes that had 
been entertained of the utility of this glass in the correc- 
tion of the secondary spectrum were not fulfilled. The 
phosphatic glass of Harcourt, while a success in this respect, 
is too soft for use in optical glass, and the new glass, in 
which a portion of the phosphorus was replaced by tita- 
nium, would have been suitable in this respect. The ques- 
tion is, then, as far from a practical solution as ever. 

Experiments on the electro-static capacity of glass did 
not bear out Maxwell’s conclusion as to the relation be- 
tween the refractive index for long waves, the electro-static 
capacity, and the magnetic permeability. 

The paper on the refractive indices of glass refers mostly 
to glasses which are articles of commerce, and hence is of 
immediate value. Specimens of hard crown, soft crown, 
titano-silicie crown, extra light flint, light flint and dense 
flint, extra dense flint, and double extra dense flint were 
examined, and an expression for the irrationality of dis- 
persion of each of these glasses compared with a stand- 
ard is obtained and tabulated. This table shows how 
little there is to choose between the glasses ordinarily 
used, 

a 
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New Observatories. 

Dr. Lohse contributes to the Astronomical Register for 
August an account of the Astrophysikalischen Institut, 
now building at Potsdam. It is on an elevated site, and 
the grounds contain 179,000 square meters. There are at 
present finished four dwelling-houses (three for observers 
and assistants) and the machinery-house. The observatory 
proper is in progress, and will be completed during 1877. 
One part of the scientific establishment is already com- 
pleted; viz., a well of forty-six meters deep, with horizontal 
shafts connected with it. This is to serve for observations 
where a constant temperature is required, for observations 
on the temperatures of the soil, etc. The observatory will 
have three domes—a central (to contain a 12-inch equatorial 
by Schroder), a western (to contain an 8-inch by Grubb), 
and an eastern (to contain a 5-inch). A photoheliograph 
will be erected north of the central tower, and the physi- 
eal, chemical, and photographic laboratories will be suit- 
ably placed in the main building. The work undertaken 
will be spectroscopic observations of the sun and stars, ob- 
servations of the nebule and double stars, on the physical 
nature of the planets, etc., photographic researches of all 
kinds and photographic registration of sun-spots. The ob- 
servatory is managed by a “ Direction” of three members 
— Auwers, Foérster, and Kirchhoff. At present there are 
three astronomers—Vogel, Spérer, and Lohse. 

The Wilna Observatory was destroyed by fire on Decem- 
ber 28,1876. In spite of strenuous efforts, only some of the 
books and smaller instruments were saved. . The refractor 
and the photoheliograph were totally destroyed. This is 
much to be regretted, as we owe to Wilna a large number 
of excellent photographs of the sun, a regular series of 

which was kept up. It is to be hoped that the negatives 
of these photographs have been preserved. 

Ex-Governor C. C. Washburn intends, during the next 
year, to erect and equip an astronomical observatory for 
the University of Wisconsin. This gift will be made avail- 
able by an annual appropriation for its support from the 
state. The firm of Clark and Sons are now making a 
16-inch equatorial for this observatory. 
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The Troy Polytechnic School is fitting up an observatory 
in connection with its courses of study. 
A new observatory has been founded at Lyons, France, 

of which André has been named director. Its meridian- 
circle was presented by M. Kh. Bischoffsheim, of Paris. 

The observatory at Kiel is now in its new building, and 
has lately received a new refractor, by Steinheil, of eight 
inches aperture. Its meridian circle 1s engaged in observy- 
ing a zone of stars of less than 10° N. P. D. 
A sum of $12,000 has been devoted by Oxford University 

to the building of additions to the observatory. 
Professor Young has accepted the chair of astronomy at 

Princeton. He will have a large telescope at his disposal. 
The third volume of André and Rayet’s Astronomie Pra- 

tique (History of Observatories) is concerned with the ob- 
servatories of the United States, and will be found a useful 
book of reference. It is compiled from the notes of M. An- 
got, one of the editors. It supplements the older works of 
Loomis and Mailly. 

Publications and Reports of Observatories. 

The report of the Secretary of the Navy for 1877 contains 
that of the Superintendent of the Naval Observatory, which 
gives an account of the work of the past year. The 26-inch 
equatorial continues to be used in the observations of the 
faint satellites. The transit circle, besides its regular work 
of observations of the ‘sun, moon, and major planets, has 
made a very large number of observations of asteroids, and 
is also engaged in the formation of a catalogue of the B. A. C. 
stars between 120° 0’ and 131° 10' of N.P.D. The old 
meridian instruments are in use for completing Yarnall’s 
catalogue, of which a second edition is in preparation. The 
investigation of the moon’s motion is continued. The tran- 
sit of Venus reductions are in progress. The photographs 
of the transit are now measured. The division errors of the 
ruled-glass scale micrometer have been carefully determined. 

The bill introduced in the United States Senate, to pro- 
vide for the removal of the Naval Observatory, directs the 
Secretary of the Navy to appoint a commission of three 
members to select a new site within the District of Colum- 
bia, which shall possess the advantages of healthfulness, 
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clearness of atmosphere, and convenience of access from the 
City of Washington, and upon receipt of the report of this 
commission to purchase said site, accept such plans as he 
may deem suitable to proceed with the erection of the ob- 
servatory and its appropriate buildings. The bill for this 
purpose appropriates $300,000, or as much thereof as may 
be necessary, provided the aggregate cost shall not exceed 
that sum, and that no expenditures shall be made until ap- 
proved. It also directs the Joint Committee on Public 
Buildings and Grounds to take such measures as may be fit 
and expedient to sell the present observatory reservation, 
the sale to take effect after the removal of the observatory, 
and the proceeds to be covered into the United States Treas- 
ury. The bill furthermore provides for the transportation 
and use, in the new building, of any materials belonging to 
the present observatory. 

The transit of Venus papers of the English commission 
are now in the hands of the printer, and the first part has 
been issued. 

The eleventh annual report of the Board of Visitors of the 
Melbourne Observatory describes the work of the past year 
(to 1876, June), which has been the usual meridian obser- 
vations, drawings of over seventy southern nebule, daily 
photographs of the sun, etc., etc., and describes a plan for 
enlarged meteorological activity, which will probably be 
adopted. 

The report of the Oxford University Observatory for the 
year 1876-77 records the taking of 426 lunar photographs 
(making 652 taken to date), which are to be measured micro- 
metrically for the determination of the Jdibration,; 117 
double stars have been measured during the year (259 meas- 
ures), and six satellites of Saturn observed; the chromo- 
sphere has been delineated on twenty-two days. The direc- 
tor describes a new micrometer, which appears to be similar 
to Alvan Clark’s double eye-piece micrometer, described some 
twenty years since. One of these is now at the Naval Ob- 
servatory, Washington. 

The volume of the Cape Observations for 1874 is the thir- 
teenth publication circulated by Mr. Stone, the director, 
since his accession in 1871. It contains the mean positions 
of 1246 stars, including all of Lacaille’s stars in the Celum 

Beg 
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Australe Stelliferum which now fall between 155° and 165° 
N.P.D., and some additional ones in the same zone. La- 
caille’s stars between 145° and 155° N. P. D. were similarly 
observed in 1875, and those between 185° and 145° in 1876. 
We shall soon, therefore, have accurate places of all La- 
caille’s stars, especially as Dr. C. Powalky, of Washington, 
has reduced all of Lacaille’s observations (about 400 in 
number) taken with the altitude instruments both at the 
Cape of Good Hope and at Paris. By introducing new 
values of the latitude, refraction, and corrections for the 
division errors of the instruments, he has been able to bring 
excellent agreement between the Paris and Cape observa- 
tions with both sextant and sector. The results appear to 
be comparable in precision with reyes observations. 
The epoch chosen is 1750.0. 

“The Results of Observations of Shooting-Stars, from 1833 
to 1875,” by the late Dr. Heis, of Miinster, has just been pub- 
lished. It comprises Dr. Heis’s own observations for forty- 
three years at the observatory of which he was director. 
According to Nature, it gives the times of occurrence and 
the points of first and last appearance of 13,000 meteors, 
followed by a partial discussion of the results and by a 
catalogue of radiant points. 

ASTRONOMICAL BIBLIOGRAPHY. 

The St. Petersburg Academy has published a “Tableau 
e@énéral méthodique et alphabétique des Matiéres contenues 
dans les Publications de Académie Impériale des Sciences, 
depuis sa Fondation.” The first part, “ Publications en 
Langues ¢trangéres,” 489 pp., 8vo, was printed in 1872, 
and has just reached England. It will be of immense ser- 
vice as a key to these important Transactions. 

The continuation of the Royal Society’s Catalogue of Sci- 
entific Papers (1864-73) is nearly ready for distribution. It 
contains over 95,000 titles, and will be printed in two vol- 
umes, uniform with the former volumes. Vol. VII. contains 
the initials A-H, Vol. VIII. H-Z. 

The Royal Academy of Sciences of Belgium has recently 
published an important bibliographical work, which gives a 
complete list of the members, ete., of the Academy, and a 
list of the works of each, which is complete so far as its own 
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publications are concerned, and very full in the publications 
of other bodies. It is a useful supplement to the indispensa- 
ble Royal Society catalogue of scientific papers. 

Mr. Knobel, of England, has published in the Monthly 
Notices, Royal Astronomical Society, a very complete and 
accurate index catalogue to scientific literature on the sub- 
jects of Double Stars, Variable and Red Stars, Nebula, ete., 
Proper Motions and Parallax, and Stellar Spectra. Since 
this has appeared, a very complete bibliography by Mr. 
Knobel has been printed in the Memoirs of the same soci- 
ety under the title “ Chronology of Star Catalogues.” 

The Smithsonian Institution has published a complete bib- 
liography of works on Nebule and Clusters, by Professor 
Holden, of 119 pp., 8vo. 

Professor Merriman; of Yale College, has published a valu- 
able bibliography of works on the Method of Least Squares. 

It is proposed to found an American journal of pure and 
applied mathematics at Baltimore, under the editorship of 
Professor Sylvester, aided by the professors of the Johns 
Hopkins University and others. 
We note the establishment of a new astronomical period- 

ical (monthly), under the editorship of Mr. Christie, first 
assistant at the Royal Observatory, Greenwich. He is to be 
assisted by several eminent astronomers. The first number 
appeared on April 20, 1877, under the name, Zhe Odserva- 
tory: a Monthly Review of Astronomy, and contains articles 
by Huggins, Gill, Darwin (G.H.), Birmingham, Tupman, 
Brett, and Marth. 

The Science Observer, published monthly since July, 1877, 
as the organ of the Boston Amateur Scientific Society, con- 
tains notes on variable and double stars, ete. 

The Popular Science Monthly for February, 1877, publishes 
a list of the principal telescopes of the world, which may be 
of use for reference. 

REPORTS OF AMERICAN OBSERVATORIES. 

For the purpose of rendering the summary of the progress 
and condition of astronomical science in 1877 fuller and more 
satisfactory, a circular was sent to the directors of the vari- 
ous observatories of the United States, asking for informa- 
tion on the following points: 
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First, the personnel of the observatory ; 
Second, its principal instruments ; 
Third, the subjects of observation to which attention has 

been devoted during the past year; 
Fourth, those which will be taken up during the coming 

year; and 
Fifth, the principal publications of the year. 
To secure a fuller response to these inquiries it was sug- 

gested that a systematic presentation of the information in 
question, as derived from all the principal observatories, 
would serve the purpose of a permanent record in the ab- 
sence of any journal in the United States specially devoted 
to such subjects. It was intended that one such circular 
should reach every observatory, public or private, in the 
United States. If any have been omitted, it has been by 
inadvertence, and notice of such omissions is desired by the 
editor.* 

The various replies to this circular follow in the alphabet- 
ical order of cities, and are given unchanged, except that oc- 
casionally material elsewhere accessible has been omitted to 
gain space. 

Dudley Observatory, Albany, N. Y. 

Professor Lewis Boss, Director. 

For some time previous to July, 1876, the astronomical office of 
the observatory had been vacant. At that date astronomical work 
was resumed, with a limited personal staff. 

During the past year this has consisted of the director, Lewis 
Boss, and assistant, O. H. Landreth, with a janitor to care for the 
buildings and grounds. 

The instrumental equipment of the observatory has received no 
material alteration for many years. The principal features of these 
instruments are described with more or less detail in Volume I. of 
the “Annals of Dudley Observatory.” A mere enumeration is all 
that need be given here. 

The principal instruments are: 

* This circular was sent to the observatories at Chicago, Albany, Hast- 

ings, Bethlehem, Amherst, Hartford, Cordoba, Pittsburgh, West Point, Vas- 

sar College, Clinton, Cambridge, New York, Cincinnati, Rochester, Williams- 

town, Middletown, Gettysburg, Hanover, Ann Arbor, Princeton, Quebec, 
etc, 
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1st. The Equatorial Refractor, of 13 inches clear aperture and 15 
feet 2 inches focal length, made by Henry Firz, of New York. 

2d. The Olcott Meridian Circle, of 8 inches aperture and 9 feet 8 
inches focal length, with circles of 36 inches diameter, graduated to 
2’, made by Pisror AND Martins, of Berlin. This instrument is 
supplied with collimators, reversing carriage, and other apparatus 
essential to its use. 

3d. The Transit Instrument, of 6.4 inches clear aperture and 8 feet 
focal length, made by Pistor anpD Martins, of Berlin. 

4th. The 4-inch Comet-seeker, by ALVAN CLARK AND Sons, of Cam- 
bridgeport, Mass. 

dth. Two Standard Sidereal Clocks, one clock regulated to mean 
solar time, and several Counting Clocks. 

6th. A Printing Chronograph, by Professor G. W. Hough, and a 
Disk Chronograph, from designs by Professor Mitchell. These chron- 
ographs are entirely out of repair. 

7th. A Printing Barometer, Thermometer, and Anemoscope. 
8th. Miscellaneous apparatus of minor importance. 
The observatory is supplied with an astronomical] library of about 

1000 bound volumes, besides numerous pamphlets. 
During the term of office of the present director the buildings 

have been thoroughly repaired and the grounds improved. 
Observations have been made, principally with the Equatorial 

Refractor and the Olcott Transit Circle. 
The principal observations with the former instrument have been : 
1st. Physical observations of Mars at opposition, with numerous 

measurements of the inclination of its polar axis. 
2d. Observations of Jris at opposition for solar parallax, 
3d. Observations of the position of small planets. 
4th. Phenomena of Jupiter's satellites. 
The Olcott Meridian Circle has been deyoted— 
1st. To observations of Mars during opposition, on the plan pro- 

posed by Professor Eastman, of the Naval Observatory. 
2d. The positions of many small stars have been observed, both in 

right ascension and declination. Particular attention has been di- 
rected to stars of the sixth magnitude, or brighter, which at present 
lack satisfactory modern determinations. 

3d. Observations of Ariadne, Iris, and Melpomene. 
4th. Standard time has been furnished to the city of Albany, and 

to all railroads and telegraph lines radiating from this point. 
5th. Many observations have been made for latitude, flexure, values 

of telescope micrometers and other instrumental constants. 
During the year 1878 it is proposed to continue the observation 

of selected stars and asteroids. Plans for observations on a more 
extended scale are under consideration, but not fully matured. It 
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is not improbable, however, that a series of observations of the satel- 
lites of Jupiter, throughout its opposition, will be taken with the 
Equatorial. 

An extended discussion of the declinations of 500 principal and 
miscellaneous stars, with reductions of nearly all published series 
of declinations to a homogeneous system, is in press. The results 
have already been incorporated in the American Hphemeris and 
Nautical Almanac. 

Allegheny Observatory, Allegheny, Pa. 

Professor S. P. LanGiey, Director. 

Replies to inquiries for information in circular of Professor 8. F. 
Baird (without date) : 

Ist. Personnel of the observatory: S. P. Langley, Director; R. F. 
Hall, Assistant to Director. 

2d. Principal instruments: Hquatorial, 13-inch objective, finished 
by CLARK, 15 feet 3 inches focus, 20-inch hour and declination cir- 
cles. This instrument has a considerable number of attachments 
(besides the Filar-position Micrometer) fitting it for physical research. 
Such are a Prism Spectroscope, of Huaerns’s pattern, and a more 
powerful one using gratings; a Polarizing Solar Eye-piece, apparatus 
for projection, etc. An additional lens, 4-inch aperture, of about 
150-feet focus (by CLARK), is mounted so that when used in conjunc- 
tion with the 13-inch objective the so-called actinic rays from the 
central parts of the latter may be focussed together for photographic 
purposes. 

An accessory part of the Equatorial, peculiar it is believed to this 
instrument, has been lately added, consisting of a 12-inch Silvered 
Plane, by Cuark, mounted at the southern extremity of the polar 
axis; so that a fixed solar beam may be sent down the prolongation 
of this axis by using the ordinary clock-work of the telescope, which, 
thus considered, becomes a great “ Fahrenheit” Heliostat; change 
wheels in the driving-clock convert it at pleasure into an “ August’s ” 
Heliostat, maintaining a fixed horizontal beam. In either position, 
heavy apparatus which could not be carried by the Equatorial can 
be mounted on a firm support and still used in connection with the 
telescope. 

The other instruments are a Transit of'the English pattern, 4 inches 
in aperture; a Chronograph ; a Sidereal Clock, by FRopsuaM ; a Mean- 
time Clock, by Howarp; an Accessory Clock, by Howarpd; one Break- 
circuit and an ordinary Chronometer, both by Fropsuam. Besides 
these, there are a number of minor instruments chiefly adapted to 
solar physical research. 

3d. The principal subjects of observation of the past year have 
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been connected with solar physics, though studies for the prepara- 
tion of an apparatus for eliminating personal equation in transit 

observations have occupied some time. 
In solar physics, work is being done here now on the comparison 

of the heat of the sun with terrestrial sources, on the distribution 
of radiant energy in the spectrum, and on the change of wave-lengths 
of light from the different parts of the sun caused by rotation—the 
latter in connection with an appropriation from the Bache Fund— 
all in active progress. Besides these, other investigations in the 
same field are in progress. 

The routine work for time-determinations has also always been 
carried on. Besides its work of research, this observatory has been, 
since 1870, the supplier of time to a large number of railroads, of 
which it is the official standard, and since to cities. The automatic 
signals from its mean-time clock have thus been transmitted from 
Pittsburgh to New York for the past seven years, and during the 
latter part of that time as far west as Chicago, and over about 6000 
miles of main and branch railway lines daily, as well as to the city of 
Pittsburgh, etc. ; and observations and computations for the control 
of these are made daily. 

Ath. The work of the coming year, it is anticipated, will be in 
solar physics very largely, and will, it is hoped, be made to include, 
for the first time, systematic solar photography. Pending the intro- 
duction of this, the usual daily studies of the solar surface will be 
continued, accompanied (as at present) with a daily drawing on a 
scale of 8 inches to the solar diameter, made by projection, and an 
enlarged drawing of any part of interest, made with the micrometer 
and polarizing eye-piece. A daily spectroscopic review of the solar 
limb will be made also, and most of the subjects already mentioned 
will be continued. 

5th. The incompletion of work now in hand, and the desire to 
make a thorough presentation of it, have limited the publications of 
the past year. Three communications to scientific journals, describ- 
ing results recently obtained here, have been made by the director 
in the Comptes Rendus des Séances de ? Académie des Sciences for May, 
1877, and in The American Journal of Science and Arts for July and 

August, 1877. 

Harvard College Observatory, Cambridge, Mass. 

Professor E. C. Pickerine, Director. 

First. The observers and computers at present constantly employ- 
ed at the observatory building are: 
Edward C. Pickering, 8.B., Phillips Professor of Astronomy and 

Director of the Observatory. 
William A. Rogers, A.M., Assistant Professor of Astronomy. 
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Arthur Searle, A.M., Assistant. 
Leonard Waldo, A.M., Assistant, in charge of the time-service. 
Winslow Upton, A.M.; employed in work undertaken in aid of 

the Coast Survey, and in Equatorial observations. 
Miss R. G. Saunders; employed in reductions of the observations 

made with the Meridian Circle. 
Mr. Joseph F. McCormack ; employed in assisting in the observa- 

tions made with the Meridian Circle, and in reducing them. 
Mr. C. H. Metcalf; employed in reductions of photometric work. 
There are other persons not immediately connected with the 

observatory who are customarily employed in performing computa- 

tions for it. 
Second. The principal instruments of the observatory are: 
The East Equatorial, a refractor of 15 inches aperture and 224 

feet focal length, made by Merz, of Munich, and mounted in 1847. 
The West Equatorial, a refractor of 54 inches aperture and 74 feet 

focal length, made by ALVAN CLARK AND Sons, and mounted in 1869. 
The Hast Transit Circle, made by TRovugHTON AND Sms, and 

mounted in 1848. Aperture of telescope, 44 inches; focal length, 

5 feet. 
The Meridian Cirele.—The object-glasses of the instrument and of 

its collimators were made by ALVAN CLARK AND Sons; the metal 
work mainly by TRoUGHTON AND Srums. The instrument was largely 
designed by the late director of the observatory, Professor Joseph 
Winlock, and has done great credit to his ingenuity. The aperture 
of the principal telescope is 8} inches, and its focal length 9 feet 4.4 
inches. The aperture of each collimator is 8 inches, and its focal 
length the same as that of the chief telescope. The instrument was 
mounted in 1870. 

The Portable Transit Instrument, made by Hersst, of Pulkova, 
and mounted in 1870. Aperture of telescope, 24 inches; focal length, 
33 inches. 

Third. The subjects of observation to which attention has been 
devoted during the past year may be classified with regard to the 
instruments employed in investigating them. 

The work done with the Equatorials has been principally pho- 
tometric. The objects observed have been the satellites of the supe- 
rior planets (including those of Mars), some of the asteroids, and 
some of the fixed stars. Mars and Saturn, and also Jupiter and Venus, 
have been compared with each other. 

Micrometric measures have been made, chiefly of Mars and of its 
satellites. 

The Meridian Circle has been employed, first, in observing the 
zone 50° to 55° north declination, undertaken by this observatory as 
its contribution to the work of determining the places of the stars 



ASTRONOMY. 4] 

of the ninth magnitude, or brighter, belonging to the northern hemi- 
sphere; secondly, in observing the stars contained in a list drawn 
up to facilitate astronomical work of various kinds; thirdly, in ob- 
serving Mars during the period of its opposition, with suitable com- 
parison stars, and also some comparison stars for use by Mr. D. Gill 
in his observations of asteroids at Ascension Island. 

Meteorological observations have been regularly made. 
Special observations for clock-error are regularly made, to main- 

tain the accuracy of the clock-signals transmitted to various points 
in this part of the country, for the purpose of supplying the com- 
munity with a trustworthy standard of time. 

Fourth. The work of the coming year will be a continuation of 
that just described, with the exception of the observations connected 
with the recent opposition of Mars. The stars of a list drawn up 
by the Coast Survey will also be observed at the request of that 
institution. 

Fifth. The eighth volume ofthe Annals of the observatory was pub- 
lished in November, 1876; the tenth volume in the spring of 1877. 

L. Trouvelot’s Physical Observatory, Cambridge, Mass. 

Observer, L. TRouvELOT, occasionally assisted by Geo. H. TRouUvELor. 

Principal Instruments.—1st. Equatorial Refractor, by Merz, 64 inches 
aperture, 84 feet focal length. 

2d. Rutherfurd’s Diffraction-plate Spectroscepe, by ALVAN CLARK 
AND SONS. 

3d. Apparatus for Photographing the Sun-spots. 
The observatory was built early in 1875, and observations begun 

March 15 of the same year. 
During the years 1875, 1876, and 1877, close attention was given 

to the Sun, Moon, Planets, Clusters, Nebule, Double Stars, Meteors, 
Zodiacal Light, and the Auroral phenomena. From March 15, 1875, 
to November 30, 1877, the following observations were made: 

The Sun was observed 955 times, and 48 drawings made. Diagrams made. 
The Moon‘ = De es se a, : x 
Mercury ‘ be 113 oe 

(74 ce a4 ce a4 ce Venus 144 16 
/ . “e ce ce ce ce ce Mars 189 148 

Jupiter cc a4 990 24 ec 269 a4 cc 

Jupiter’s Satellites 555, Oe ae ae COs" ty se oe 

Saturn was observed 136 ‘ Sn oil ee a ce ive a 

Wiranns.= &* Ge et“ 
Comets ce ce ¥¢ ce “ce 5 ce ce 

Nebulze a4 ce 170 a4 ae 46 ce (74 

Clusters ce ce 12 ce ce 1 74 “ec 

Double Stars ot tls aC “c < ake, 

Total of observations, 2159; drawings, 571; of diagrams, 121 
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The Zfliacal Light and the Milky-way have both been particu- 
larly studied on every favorable occasion, and elaborate drawings 
representing them in their most characteristic appearances have 

been produced. 
Besides, a series of thirty-four astronomical drawings in pastel 

was prepared from the above observations and drawings, and exhib- 

ited at Philadelphia at the International Exhibition. 
Comparatively few of the results of these observations have yet 

been published. In 1875 two papers were communicated to the 
American Academy of Arts and Sciences: Ist. ‘On Some Physical 
Observations on the Planet Saturn ;” 2d. “ On Veiled Solar Spots.” 
In 1877 three papers were presented to the Academy: 1st. “‘On the 
Moon’s Zodiacal Light ;” 2d. “ Vibrations Observed in the Tail of 
Coggia’s Comet ;” 3d. « Sudden Extinction of the Light of a Solar 

Protuberance.” 
The series of 127 drawings of Jupiter, made during the year 1876, 

were forwarded to the “ Jupiter Committee” of the Royal Astronom- 
ical Society in London, and thence sent to Dr. Oswald Lohse, at 
Potsdam, for discussion, in order to ascertain whether there be any 
connection between the changes on Jupiter and those on the sun. 

A series of twenty-five large astronomical drawings, intended for 
the use of schools and colleges, is now in process of preparation, 
and will soon be issued by Meare: J. H. Bufford’s Sons, of Boston, 
who have reproduced in chromo the best of the drawings exhibited 
at Philadelphia. 

The numerous drawings of Mars obtained during the favorable 
opposition of the present year will enable me to perfect the map of 
Mars, or at least that of its southern hemisphere. 

During the next year it is intended to continue observations on the 
physical appearance of the sun, ete. Mars will be followed as long 
as possible for the study of its climatology. Saturn will be closely 
watched for the phenomena exhibited at the disappearance of the ring. 
The study of Jupiter, commenced two years ago, will be continued. 
The study of the moon will also be continued, with a view to make 
the needed corrections to its existing maps, and with the intention to 
give at some future time a general view of our satellite as it appears 
at the most favorable moments. The study and delineation of the 
clusters and nebule will be continued, with the hope that, some day, 
means of publishing the results will be found. 

Dearborn Observatory, Chicago, Dl. 

—— ——-— , Director. 

In reply to your circular requesting information in regard to the 
work, etc., of the Dearborn Observatory, I beg to say: Since July 
of the present year I have been using (unofficially) the 184-inch 
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Refractor in double-star observations. Up to this time I have dis- 
covered and measured over 100 new pairs, most of them difficult 
and interesting objects. The list embraces a number of prominent 
stars: 8 Andromedae, 51 Cygni, 47 Tauri, 38 Persei, Aldebaran, etc. 
Also several of the pairs already known have been found to be triple, 
as Nos. 17, 171, 366, 2287, 2342, and 2579 of Struve; OS 336, oO» 
(app.) 220, etc. The larger part of the time has been given to mi- 
crometrical measurements of the most difficult of pairs already cat- 
alogued, special attention being paid to pairs supposed to be now 
single, or too close to measure with ordinary apertures; and very 
unequal pairs and doubles generally, which have not been measured 
since Struve, or within the last twenty or thirty years. The field in 
these directions is large, and the results obtained will in the end, I 
think, be more valuable than measures of the recognized binaries 
and other familiar objects, certain to be attended to by other ob- 
servers. I expect to follow up this work vigorously during the 
coming year. No other use is being made of the telescope. It is 
admirably adapted to this class of work, and probably superior to 
any instrument in the world, except the Washington 26-inch. 

(Signed) S. W. BuRNHAM, 

Cincinnati Observatory, Mount Lookout, Ohio. 

Professor O. Stone, Director. 

1st. Personnel.—There is no regularly paid assistant. The director 
has been greatly aided, however, by two of his pupils, Messrs. Her- 
bert A. Howe, and Winslow Upton. 

2d. Instruments——The only large instrument is a Munich Refractor, 
of 28 centimeters clear aperture. The object-glass of this was re- 
figured, and a new Driving-clock attached in December, 1874, by 
ALYAN CLARK AND Sons. The observatory is also supplied with a 
number of subsidiary instruments. 

3d. Observations.— Principally the observation of double stars be- 
tween 0° and 40° south declination. Incidentally a number of new 
doubles have been detected. A few miscellaneous observations have 
also been made. 

Ath. Publications during 1877.—1. Catalogue of New Double Stars 
discovered by Mr.H. A. Howe. 2. Micrometrical Measuremertt of 
Double Stars, made by Professor O. M. Mitchel in 1846-8, at the ob- 
servatory on Mount Adams. 3. Micrometrical Measurement of Dou- 
ble Stars, made in 1875-6, at Mount Lookout (new observatory). 

Pennsylvania College Observatory, Gettysburg, Pa. 

Professor Putrtre M. Brxve£, Director. 

Our observatory is used almost entirely for the general purposes 
of class-instruction. Like many others, I am so burdened with the 
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duties of teaching that I have little or no time for special work; 
and even if I had, we are not yet equipped fully enough for pursu- 
ing any special investigations. I look forward, however, to some 
special work in the direction of solar physics. 

Our principal instruments are an Equatorial Telescope, with a 6.4- 

inch object-glass, 9 feet focal length; a Transit Instrument, with 2.2- 

inch object-glass and 30 inches focal length; a Negus Break-cireuit 

Chronometer ; and meteorological instruments. 
Our work has been confined almost entirely to keeping correct 

time, and to the usual meteorological observations. The only pub- 
lication during the year was a pamphlet of 36 pp., by myself, on 
“Our Present Knowledge of the Sun.” 

Morrison Observatory, Glasgow, Mo. 

Professor C. W. Pritcuetr, Director. 

The Morrison Observatory was founded at my request, in connec- 
tion with Pritchett School Institute, by Miss Berenice Morrison. She 
has already donated to the observatory $50,000, and an equal sum 
to Pritchett School Institute. Iam now assisted by my son, Henry 
8. Pritchett. 

The observatory building has an eligible site half a mile east of 
the college, and was completed in 1876. It has a front on the south 
of sixty-five feet. On the east is the Equatorial Room, of brick, cir- 
cular on the inside. The entire dome, twenty-four feet in diameter, 
is easily revolved by a moderate pressure of the hand on a system 
of wheel-work. The circular shutters are in four sections, and are 
readily raised or lowered by a system of gearing, working two pairs 
of endless chains. The centre of the pier for the Equatorial is twenty 
inches south of the centre of the dome, so as to bring the centre of 
motion of the instrument to the centre of the sphere. 

The Transit Room—a strong frame building—is directly west of 
the Equatorial. 

The Library and Work Room is directly west of the Transit Room, 
and is separated from it by a hall. 

Instruments.—The Equatorial, by AuvAN CLARK AND Sons, was’ 
mounted in December, 1875. The objective is 12} inches in aper- 
ture, and focal length 17 feet. It is furnished with Finder, Automatic 
Movement (very simple and regular), Filar-position Micrometer, and 
arange of power from 50 to 1200. Its cost in the shop was $6000 in 
gold. Its performance has proved very satisfactory. 

Transit Circle, by TRouGHTON AND Sms, of London, was mounted 
in June, 1877. The objective is 6 inches, and focal length 82 inches. 
Its style of mounting is similar to that of the new Transit Circle of 
Harvard College Observatory. 
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Work of Last Year.—Unfinished as the observatory was, work was 

done during the year 1876 as follows: 
1. Regular time-observations were made. | 
2. Meteorological records were made three times each day. 
3. Many occultations of stars were observed, and applied to the 

determination of the longitude. 
4, Satellites of Saturn (8, 4, 5,6) were specially observed from Sep- 

tember till January. 

5. Much work was bestowed on the great nebula in Orion in the 

latter part of the year. 
6. Many close double stars were observed by position-angle and 

angular distance. 

7. Popular observations of the moon, planets, nebule, clusters, 

and double stars were very numerous, to meet the demands of vis- 

itors. 
The observations on the Equatorial during the present year have 

been—micrometric measures on close double stars and diameters of 

planets, and position-angle and distance of satellites. Recently the 

new satellites of Mars have been often observed. We are also con- 

tinuing observations on satellites of Satwrn. We have published 

our observations on these satellites. 
Arrangements are in progress to determine our longitude by clock- 

signals with the United States Naval Observatory. Our position, 
as already approximately determined, is: Lat. 389° 16’ 17.5’ N., long. 
65 11™ 10° W. of Greenwich. 

Private Observatory, Hartford, Conn. 

D. W. Epcercome, Director. 

This consists of a small framed building, with revolving dome 12 
feet 6 inches in diameter. It contains a Telescope, by ALVAN CLARK 
AND Sons, with object-glass 9.4 inches clear aperture, mounted equa- 
torially in the best manner. The instrument is used by its owner in 
general observations of the moon, planets, and double stars, other 
occupations preventing at present any more systematic work. The 
object-glass is one of Mr. ALVAN CLARK’s latest works, and is of the 
highest excellence, exhibiting objects generally considered tests for 
12 inches. 

The outer satellite of Mars was observed on two occasions after 
the announcement of Professor Hall’s discovery. An observation of 
the bright spot which appeared upon Saturn in December, 1876, was 
used by Hall in his determination of the rotation period of that 
planet, and some new double stars have been found with this in- 
strument. 
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Dr. Henry Draper’s Observatory, Hastings-on-Hudson, N. Y. 

Dr. Henry Draper, Director. 

In answer to your letter of inquiry in regard to my observatory 
at Hastings-on-Hudson—1st. My wife is my assistant. 2d. The prin- 
cipal instruments are a Silvered-glass Reflector, of 28 inches aperture, 
mounted equatorially; an ALVAN CLarK Jefractor, of 12 inches 
aperture, mounted equatorially; a 154-inch Stlvered-glass Reflector, 
mounted as an alt-azimuth; a 2-inch Zvransit Instrument; Clock; 

Chronometer ; and Chronograph. 30. My principal work during the 
past year has been spectroscopic photography, which has led me to 
the discovery of oxygen in the sun. 4th. The same line of work 
will be pursued during the coming year, as the observatory is fitted 
with a complete electric apparatus for spectrum photography, con- 
sisting of an engine, Gramme machine, 18-inch Ruhmkorff coil, ete. 

I have published in Silliman’s Journal the results of an exam- 
ination of the astronomical conditions of the atmosphere of the 
Rocky Mountains, made during the past summer. On the whole, 
the conclusions are that the steadiness of the telescopic images is 
less than at New York, while the transparency of the air is much 
ereater at the higher elevations. 

Observatory of Yale College, New Haven, Conn. 

Professor C. A. Lyman, Director. 

This observatory is intended chiefly for use as a means of in- 
struction in connection with the classes in astronomy taught in the 
college. There is no endowment for other purposes. During the 
past year it has been in charge of Mr. H. A. Hazen and Mr. Wm. 
Beebe. 

Instruments.— Equatorial, 8% inches; Altitude and Azimuth Instru- 
ment, 4 inches; besides smaller instruments; two Sidereal Clocks and 
a Sidereal Chronometer ; Sextants, etc. 

A. full series of observations on comets 0, ¢, and f, and a few on 
e, have been made, and partially published. 

Princeton College Observatory, Princeton, N. J. 

Professor C. A. Youn, Director. 

The Halstead Observatory, with its magnificent dome (nearly forty 
feet in diameter), does not at present possess an instrument; but it 
is hoped that within a short time the deficiency will be supplied. 

A small observatory, for purposes of instruction, is just completed 
after the plans of Professor Young, the funds being supplied for its 
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equipment by the trustees of the estate of the late John C. Green, 
who founded the School of Science. 

The building is of wood, this material being chosen for the pur- 
pose of allowing the temperature of the outside and inside air to be 
rapidly equalized. To prevent danger from fire, all the lights are 
from fixed gas-jets fitted with Bogart’s automatic electrical appa- 
ratus for lighting. 

The dome is 18 feet in diameter, and is provided with a fine 
Equatorial, by CLARK, of 94 inches aperture and about 12 feet focal 
length. The Gaussian curves are used in the construction of the 
object-glass, and the two lenses are so mounted that the distance 
between them can be adjusted so as to give whatever chromatic 
correction may best suit the work in hand, whether visual, spectro- 
scopic, or photographic. 

The instrument is provided with all the usual micrometric acces- 
sories, and with a Single Prism-spectroscope by CLARK, which is also 
adapted to the use of diffraction gratings. Of these there are three, 
with lines 14 inches long, the ruled space being 2 inches in width, 
prepared expressly for this instrument by Mr.CHAapmMan with Mr. 
Rutherfurd’s machine. There is also a powerful compound Spectro- 
scope, by GRUBB, and there are the necessary electrical appliances. 

In the meridian three instruments are, or rather are to be, mount- 
ed in separate rooms. 

The Meridian Circle is in process of construction by Faurn, of 
Washington. Its telescope will have an aperture of 4 inches, and 
its circles will be 2 feet in diameter, reading by four microscopes. 
It will be provided with collimators, reversing apparatus, and ap- 
paratus for examination of pivots. It will be mainly on the plan 
of the instrument at the Harvard College Observatory, and will in 
all points be a very complete and perfect instrument for purposes 
of instruction. 

In the adjoining room is mounted a “ broken” Transit, by KAHLER, 
of Washington. It has an aperture of 2% inches, with a focal length 
of 30 inches; is fitted with a reversing apparatus, with the necessary 
level and micrometer for latitude determinations, and with a pair 
of collimators. 

In a third room are mounted a small Transit Instrument, of about 

4 inches aperture, and a Universal Instrument, with 8-inch circles, 
by Burr AND BERGER, of Boston. 

In the prime-vertical is mounted the Aycrice Zransit, of 3 inches 
aperture and 3 feet focus. It has an iron stand and reversing appa- 
ratus, by StacKPoLe, of New York. 

At the junction of the two wings a room is formed which contains 
a lift by which portable instruments may be taken up to the roof, 
and used upon a platform, which is detached from the building and 
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secure against vibrations. The instruments to be used in this way 
are a 94-inch Silvered-glass Reflector, by BRownrnG ; a Comet-seeker, of 
6 inches aperture, by Frrz, and a 83-inch Telescope, by FRAUNHOFER. 

The time is furnished by two standard Clocks (one Solar and one 
Sidereal), and by 5 subsidiary Clocks electrically controlled by the 
standard Sidereal, one in each of the observing-rooms. The Clocks 
are by Howarp & Co., of Boston, and the Sidereal standard has the 
new escapement invented by Professor Youne. Both this and the 
Solar Clock have a modification of Roprnson’s barometric compen- 
sation. 

The Chronograph, by CLARK, has three independent cylinders. 
This and the standard Clocks are mounted in a room which is heated 
in cold weather. The cost of the whole was about $23,000. 

The building and its equipment will be used mainly for the pur- 
pose of teaching practical astronomy to select classes. Its equip- 
ment is such, however, that it will be possible to do some real as- 
tronomical work in the way of determining star positions with the 
Circle, observing occultations and similar phenomena, measuring 
double stars, and especially in keeping up a series of solar observa- 
tions, ocular, spectroscopic, and photographic. 

Experience only, however, can determine how much of this work 
will be practicable without interfering with the work of instruction, 
which will always hold the first place. 

At present Professor Young is without assistants; but it is hoped 
that before long the want will be provided for, either by persons 
specially appointed or by post-graduate students. 

Observatory of Quebec. 

Commander E. D. Asue, R.N., Director. 

1st. The personnel consists of myself and assistant. 
2d. Two Clocks—a Sidereal one, by DENT, and a Meantime one, by 

MoLyNnevux; a 36-inch Transit, mounted between stone piers; and a 
splendid Equatorial, of 8 inches clear aperture and 9 feet focus, by 
ALVAN CLARK; a 42-inch Telescope, by DOLLAND. 

The principal object of the observatory is to give time to the ship- 
ping by dropping a ball at one o’clock, showing 5" 44™ 49° Green- 
wich time. Besides this, I have been very successful in solar photog- 
raphy. There will be no alteration in the observations during the 
next year. 

Observatory of Ripon College, Wisconsin. 

Professor C. A. Krenaston, Director. 

This observatory contains a fine Transit Instrument, a MITCHELL 
Chronograph, and a good Astronomical Clock. 
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Rochester Observatory, Rochester, N. Y. 

Professor Lewis Swirt, Director. 

My Telescope is a 44-inch achromatic, and was equatorially mount- 
ed; but being at present without an observatory, I have changed it 
to an alt-azimuth, as being much more convenient for comet-seek- 
ing. For the past one and a half years I have done my observing— 
comet-seeking a specialty—from the flat roof of an elevated building 
commanding in every direction an unobstructed horizon. 

Arrangements are pending for a regularly equipped observatory, 
with probably a 9-inch Telescope, Micrometer, Driving-clock, etc. The 
line of study will be, as heretofore, comet-seeking and the forma- 
tion of a chart of all nebule visible through a telescope of 5 inches 
aperture. For many years I have seriously felt the want of such a 
chart. I shall construct it for the especial benefit of comet-seekers. 

The result of the year has been the discovery of comet ¢c, and ob- 
servations of comets a, b, e, and f. Comet d, “ D’Arrest’s,” with all 
my efforts, I was unable to find from excessive faintness. 

The secondary tail to comet 6 I discovered, and published a de- 
scription of it in our city papers, long before I heard of its discovery 
in Europe. 

Office of ** The James Lick Trust.” 

The specific information that you request we are unable to give, 

as the construction of the Lick Observatory has not been actually 
begun. 

I am instructed, however, by the president of the trustees to en- 
deayor to give you such information concerning the proposed ob- 
servatory as might prove of interest. 

Mr. Lick reserved in his deed of trust the right to himself de- 
termine the site of the observatory, and, after long consideration 
of various other points in California proposed, finally selected the 
summit of Mount Hamilton, situate in the county of Santa Clara 
and about thirteen miles east of the city of San José (in a direct 
line). 

In consideration of this selection, the county of Santa Clara agreed 
to assume the expense of constructing a suitable road from San José 
to the observatory site, which is now completed. 

By said road the distance from San José to the summit is about 
twenty-five miles. From San Francisco to San José the distance is 
a little less than fifty miles by railroad, with two lines available. 

The summit of Mount Hamilton is elevated above the sea about 
4250 feet, and in point of atmospheric conditions favorable for an 
observatory is, so far as appears from present information, probably 

C 
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as good as the summit of any other mountain in the California coast 
range of equal elevation. 

It has not yet been decided whether, in attempting to construct 
an instrument “superior to and more powerful than any telescope 
ever yet made,” the better success would be promised by attempting 
a great reflector or a great refractor. The opinions of many distin- 
guished astronomers, as far as we have yet learned, seem to be di- 
vided on this question. 

The nature of the site of the observatory will perhaps enter as one 
of the many important considerations in determining the kind of 
instrument. 
Work will not be commenced, nor will any steps be taken towards 

contracting for the great telescope, until the claims of Mr. Lick’s heirs 
against his estate are settled by the suits now pending in our courts. 

The heirs have offered a compromise for $383,000, which all of the 
various beneficiaries have agreed it advisable to accept; but the 
California Academy of Sciences have demurred to the proposition 
to pay the compromise-money from the residuum of the estate after 
all the specific bequests have been paid in full (they being, with the 
Society of California Pioneers, the residuary legatees), and are now 
contending in court for a pro rata payment of the compromise-money 
—to wit, that all the bequests be adjudged liable to provide their pro 
vata of the amount necessary to complete the compromise. 

The trustees hope soon to get a decision of the court which will 
finally settle this matter, and enable them to begin carrying out the 
various objects of Mr. Lick’s donations. 

I have mailed you such printed matter as I could furnish to aid 
you in determining for yourself if there is any matter of interest for 
your purpose. I am, yours, respectfully, 

H. E. MATHEWS, Secretary. 

Lehigh University Observatory, South Bethlehem, Pa. 

Professor C. L. Dootirryer, Director. 

The observatory was founded by Robert Sayre, of this place, and 
is known as the Sayre Observatory. 

It was built primarily with a view to furnishing facilities for 
instruction in astronomy to students of the university. Since my 
connection with the institution, I have been engaged, as far as my 
other duties would permit, in making and reducing the following 
series of observations: 

1st. Determination of longitude of observatory. Signals were ex- 
changed with the Washington Observatory on six evenings for this 
purpose, a preliminary reduction of which gives our longitude 6™ 40.3° 
(South Bethlehem) E. of Washington. A final reduction may change 
this slightly, 



ASTRONOMY. 51 

2d. A series of 450 observations with zenith telescope, for latitude, 
made on sixty pairs of stars. A preliminary determination of the 
latitude from 182 of these observations gives 40° 36’ 23.75” N. 

3d. A series of micrometrical measurements of the position of 
Mars during the recent opposition for parallax determination. 

It is intended to publish the foregoing in the form of a pamphlet, 
which, I hope, will appear before the end of 1877. 

There is no especial provision given for regular astronomical 
work. Such as I undertake is on my own responsibility, and in 
addition to the work of instruction. The only assistance in that 
direction is such as I can get from my pupils. 

Our instruments are: A 6-inch Hguatorial, by ALVAN CLARK AND 
Sons; a Zenith Telescope, by Buunt; a Mield Transit, by STACKPOLE; 
a Sidereal Clock, by BonD AND Sons. 

Observatory of Vassar College. 

Miss Marta MitTcHe tt, Director. 

First. The personnel of the observatory is confined to myself. I _ 
have the aid, however (and it is often very valuable), of volunteer 

work by my students. 
Second. The instruments of the observatory are: An Equatorial 

Telescope, of 134 inches aperture, the glass of which has been re- 
ground by AtvaNn CLARK, and is very good; a Meridian Instrument, 

by Youne, of Philadelphia, the aperture 3} inches (adapted to this 
are two Collimating Telescopes, by CLARK AND Sons, of Cambridge) ; 
a Sidereal Clock and Chronograph, by BonD AND Sons, Boston. The 
observatory has also the use of several portable telescopes, photo- 
eraphic apparatus, etc., but they are private property. 

Third. Photographs of the sun are taken every fine day, and have 
been for several years. 

Observations with the Equatorial are made on the planets Jupiter - 
and Saturn, with measurements, whenever the weather is suitable. 

Observations for Time.—These observations it is proposed to con- 
tinue during the coming year. 

Hopkins Observatory, Williams College, Williamstown, Mass, 

Professor T. H. Sarrorp, Director. 

The personnel of this observatory consists of the director and two 
students. 

The main instruments are a 74-inch CLARK Equatorial, of ancient 
date, and a 34-inch Sms Transit, with Clock, by MoLYNEUX AND 
Corr. Observations for a year past have been such as were needed 
for teaching the undergraduates and making myself acquainted with 
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the instruments and their capacity. My intention is to observe right 
ascensions of certain stars with the present Transit, and, if practica- 
ble, to get a better Meridian Instrument and pursue the observation 
of the zone 35° to 40°, undertaken at Chicago. 
My leisure is rather limited. I am professor of physics and as- 

tronomy, and am printing two volumes: (1) Observations of right 
ascension, about 15,000 in number, made at Cambridge in 1862-65 
by several observers (about half my own), on a plan arranged be- 
tween Professor G. P. Bond and myself. The stars are largely those 
near the pole, and contribute to my general plan of work. (2) A 
compiled catalogue of 2018 latitude stars, for Lieut. Wheeler, U.S.E. 
Modern authorities are utilized, including many scattered series by 
Bessel, Gauss, Argelander, Struve, and others, which have mostly 
escaped notice because used in special memoirs on latitude. My 
last publications, with one exception, treat of the solar motion as 
connected with the stars’ proper motions and distances; and the 
observations of the next year will bear on this subject. 
My present working list contains nearly 400 stars. These are such 

as occur in the two books above mentioned and need reobservation ; 

mostly those which exhibit a decided proper motion not yet deter- 
mined with accuracy; in many cases wrongly given elsewhere. 



PHYSICS OF THE GLOBE. 

By CLEVELAND ABBE, 

OF THE WEATHER BurEeAU, WASsuINGTON, D.C. 

THE EARTH. 

INTERNAL CONDITION. 

The remarkable address of Sir William Thomson at the 
Glasgow meeting of the B. A. A. 8. in 1876, in which he re- 
nounced the views so long entertained by him as to the inter- 
nal fluidity of the earth, and gave in his adherence to Hop- 
kins’s conclusion as to its solidity, has been followed by a 
paper by Gen. J. G. Barnard, in which he differs from some 
of the points taken by Thomson. 

INTERNAL TEMPERATURE. | 

In reference to temperatures observed deep within the 
earth, Mr. Oswald Foster has communicated to the Cam- 
bridge Philosophical Society a memoir in which he main- 
tains that the abnormal temperatures observed in the arte- 
sian well 4000 feet deep at Sperenberg might be accounted 
for by vertical currents, while the average rate of increase is 
1° Fahr. for every sixty feet of descent. 

The very delicate and exact and convenient method of 
observing temperatures at points underground, or otherwise 
of difficult access, by means of the so-called electro-thermom- 
eter, as used by Becquerel at Paris, deserves to be introduced 
at some of the physical laboratories of America. Observa- 
tions have been made daily for many years at Paris, the 
results of which have lately been communicated to the 
Academy of Sciences. 

VOLCANOES. 

Of general work on vulcanicity we make especial mention 
of the investigations of Mr. G. K. Gilbert, of Powell’s Geo- 
logical Survey of the Western Territories, who by the study 
of peculiar formations among the Henry Mountains, of Utah, 
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has revealed an entirely new type of volcanic eruption, in 
which the lavas, instead of finding vent at the surface of 
the ground, ceased to rise while still several thousands of 
feet under ground, and lifted the superincumbent strata so 
as to make for themselves deep-seated subterranean reser- 
voirs, within which they congealed, to be revealed only after 
the erosions of subsequent ages. The volcanoes of Iceland 
have been investigated by Professor Johnstrup, whose re- 
port is published by the Danish government. 

EARTHQUAKES. 

A violent earthquake occurred at 8.30 P.M. May 9th on the 
southern coast of Bolivia and Peru, destroying many small 
towns. It was central near Iquique, and was accompanied 
by an oceanic wave about sixty-five feet high at the cen- 
tral stations. This wave reached San Luis Obispo and Hon- 
olulu simultaneously at about 5 A.M. of the 10th (Honolulu 
time), doing much damage in the Sandwich Islands, where 
much activity had been previously observed in the volea- 
noes (see Monthly Weather Review, May; Am. Journal of 
Science ; and Petermann’s Mittheilungen, Dec. 1877). 
A new electric seismograph of much completeness has 

been invented by Secchi. Some such instrument is much 
to be desired for use on our Pacific coast. 

TERRESTRIAL MAGNETISM. 

An interesting memoir is published by Wijkander on 
magnetic perturbations and their connection with the aurora 
borealis. This is mainly an historical introduction to the im- 
portant observations published by the Swedish expedition 
to Spitzbergen in 1872-73. The connection was first noted 
by Celsius and Hjorter (1741) in Sweden, at whose request 
Graham (1761),in England, made corresponding observations, 
so that the simultaneity of the phenomena was at once re- 
vealed. The Swedish expedition has established the fact 
that the magnetic disturbances which attend an aurora have 
their origin, or act as if they originated, at points on a zone 
that extends from British America northeast to North Cape 
and then around the globe, apparently not far from the zone 
of greatest auroral frequency as established by Loomis or 
Fritz. The cause of these disturbances is to be looked for 
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in the existence of abnormal electric currents produced near 
the earth’s surface by some change in atmospheric conditions. 
These disturbances are themselves subject to daily and an- 
nual fluctuations; they are of a general and of a local nat- 
ure, and can be detected instantly by simultaneous observa- 
tions at several distant and several neighboring stations. 
The connection between the aurora and these disturbances 
in the magnetic instruments is of a secondary nature to the 
connection between the latter and the telluric electric cur- 
rents. Since the lesser magnetic disturbances are almost 
continually occurring, the traces of aurora are also almost as 
frequent. (This agrees with the inference fairly deducible 
from the numerous auroras recorded in the Monthly Weather 
Reviews of the Army Signal Office.) 

The magnetic survey of Russia during 1871-75 by J.Smir- 
now has been published in a translation from the original 
Russian. Smirnow gives a comparison with Sabine’s charts, 
and shows where observations are now or soon will be most 
needed. 

Hann contributes an instructive review and comparison 
of the diurnal and annual periods in the magnetic declina- 
tion at Russian and Australian stations. 

“The Absolute Direction and Intensity of the Earth’s 
Magnetic Force at Bombay, and its Secular and Annual 
Variations,” by Ch. Chambers, gives the result of magnetic 
observations at Bombay since 1867. The magnetic elements 
are all progressing in the positive direction. 

The Coast Survey Report for 1874, published during this 
year, contains valuable memoirs by Schott on secular 
change of magnetic declination in the United States, and 
a discussion of the results of the self-recording instruments 
at Key West, 1860-1866. 

EARTH CURRENTS. 

At a recent social meeting of the London Society of Tele- 
graph Engineers, Mr. Saunders, of the Eastern Telegraph 
Company, exhibited some diagrams showing some results 
of simultaneous observations of the earth currents observed 
at both ends of the broken cable between Suez and Aden. 
A striking coincidence is seen between the currents observed 
on the two sections of the cable. 



56 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

THE OCEAN. 

DENSITY, ETC. 

Mohn contributes to Petermann’s Mittheilungen a memoir 
on the temperature of the Atlantic east of Greenland. He 
shows that a belt of warm water extends northeastward to 
beyond the North Cape. This belt moves eastward in sum- 
mer and westward in winter. He also accurately defines 
the limits of the bottom stratum of cold water at maximum 
density, and shows how it is limited by the configuration 
of the sea bottom. 

Schmidt, of Dorpat, has extended his memoir on the salin- 
ity of natural waters to the ocean and salt seas, and in a 
comprehensive table gives the results of all known observa- 
tions. 

TIDES. 

The tidal observations made by the English Polar Ex- 
pedition of 1876 have been reduced by Professor Haughton, 
and in a preliminary account of his results read before the 
British Association, he stated that the results obtained by 
Dr. Bessels from the Polaris expedition were confirmed by 
the English expedition, viz., that there was a junction of 
two important tides in the largest portion of Smith’s 
Sound. A new type of tide had been found confirming Dr. 
Bessels’ reasoning to show that Greenland is an island. 

At the same meeting of the B. A. A.S., papers “ On the 
Tides of Port Louis and of Freemantle” were read by Sir 
William Thomson, and “On Solutions of Laplace’s Tidal 
Equation for certain Special Types of Oscillation.” 

WAVES. 

Forel, of Morges, on the north shore of Lake Geneva, has 
from the study of the self-recording tide-gauge of large 
scale shown that the surface of the lake oscillates rhyth- 
mically in fixed periods about two axes, @. e., the longest 
and shortest diameters of the lake. The times of vibration 
are respectively seventy and ten minutes. 

Numerous notices have appeared in the Monthly Weather 
Review of remarkable fluctuations in the waters of our Great 
Lakes. These, however, appear mostly to be due to earth- 
quakes, and have as yet never been shown to have any such 
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regularity as Forel finds for Lake Geneva, although possibly 
such may be revealed by self-recording instruments. 

The oscillograph is the name given by Bertin to an appa- 
ratus for recording continuously the rolling and pitching of 
a vessel at sea. The apparatus has been lately extensively 
used in the French navy, and affords important data both 
for ship-builders and for students of wave motion. It is also 
applicable to the determination of that correction to an ane- 
mometer record on shipboard. needed. in order to obtain the 
correct velocity of the wind at sea. 
An important paper on the progression of waves was 

read by Osborne Reynolds at the Plymouth meeting of the 
B. A. A. S., and an equally important one by Lord Ray- 
leigh on the same subject was presented to the Mathemat- 
ical Society in November. 

THE ATMOSPHERE. 

INTRODUCTORY. 

The following brief notice of the scientific activity of the 
year in the department of meteorology brings our record 
down to the last of December; and, however imperfect it 
may be, yet suffices to show that but few preceding years 
have been marked by more important events. Among these 
latter we would place the extension of the United States 
network of meteorological observers over the elevated re- 
gions west of the plains of the northwest and southwest, the 
extension of its system of international simultaneous obser- 
vations to the vessels of the United States Navy and the 
United States, British, and German merchant marine; the 
publication of several volumes by the new India Meteoro- 
logical Office under Blanford; the works of Brault on the 
winds of the Atlantic; those of Guldberg and Mohn on the 
mechanical laws that pervade the cyclonic and anticyclonic 
areas of wind and pressure; and the elegant memoir of Ferrel 
on the general circulation of the atmosphere, with accom- 
panying polar charts of isotherms and isobars. 

INSTITUTIONS AND PERSONS. 

The Army Signal Office, although somewhat hindered by 
a diminution of its quota of men, has continued its labors 

C2 
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with increasing industry. Its usefulness as a medium of 
direct communication with all parts of the country was sin- 
cularly apparent and highly appreciated by the President 
during the riots of August. A series of novel and very ele- 
mentary, yet practical, stations has been established, wher- 
ever telegraph lines penetrate into the Rocky Mountains 
and Sierra regions, and from these as well as from all other 
stations reports of the appearance of the sky at sunset are 
set daily to the Washington Office. The number of foreign 
stations and ships reporting simultaneous observations on its 
plan of international exchange has now increased to about 
375, to which the United States adds 80, with the promise 
of more land stations. Daily weather maps for the whole 
northern hemisphere are now compiled daily by this 
Bureau. 

The preliminary expedition in pursuance of Captain How- 
gate’s plan of Polar colonization sailed for the North in Au- 
gust, and was accompanied by Mr. O. T. Sherman, a graduate 
of Yale College, as meteorologist. A supply of all necessary 
apparatus was taken, and we may expect a full record of 
observations. Among the novelties we may mention the 
supply of a number of small balloons for the determination 
of currents of air and of the heights of the clouds according 
to the methods recently used in Paris by Fonvielle and 
Secretan. 

The Permanent Committee of the Vienna Congress has 
published the report of its meeting at London in 1876, in 
continuation of its reports of the meetings at Vienna, 1873, 
and Utrecht, 1874. A mass of information is given in ref- 
erence to the various practices of observers in regard to in- 
struments and methods, and the way prepared to a greater 
uniformity in these matters. The unpublished data now in 
the hands of European offices, and the investigations in prog- 
ress or needed, are also put on record. 

Of the publications of the Physical Observatory at St. 
Petersburg we have received only the valuable but rather 
cutting brochures of Wild on the accuracy of standard 
barometers and on the accuracy of modern anemometry. 
Doubtless the regular annual volumes have been somewhat 
delayed in transit. The second part of Volume V. of the 
Repertorium, and a supplementary part, were published in 
September. (See Crimare.) 

“5 tpi 
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The Dorpat Meteorological Observatory has published the 
“ Met. Beob., 1875,” completing the lustrum 1870-75, and also 
“Zehnjihrige Mittelwerthe, 1866—75, nebst neunjahrige Stun- 
denmitteln, 1867-75,” forming the Appendix to Volume II. 
of the Dorpat Observations. The authors, Professors A. von 
Oettingen and K. Weihrauch, have spent great labor upon 
the discussion of these excellent observations, especially those 
of the wind. The volume also includes observations made 
at Reo, in the island of Oesel. 

The first annual report (1875) of the Meteorology of India, 
by Blanford, marks a long-hoped-for epoch in the history of 
the progress of our knowledge of that portion of the world. 
Hitherto the Indian observations have been strewn through 
numerous transactions and miscellaneous volumes, but now 
the establishment of a central office will do much to con- 
centrate effort and increase knowledge. Blanford’s folio vol- 
ume, of 387 pp., contains a highly instructive review of the 
physical peculiarities of India, and especially of the meteor- 
ological stations. These latter are classified as first class, 2; 
second class, 21; third class, 65; and rainfall stations, 198. 
Not only are means, etc., given for 1875, but for many long 
series of observations; so that the volume is in some respects 
a summary of the past previous to the start on the new ca- 
reer now opening before him. 
A very fine feature of the India Office is the publication 

of “Indian Meteorological Memoirs,” a volume similar to 
Wild’s Repertoriwm, and containing the results of the in- 
vestigations made by the Calcutta Office. Of these mem- 
oirs, Vol. L, Part L, containing three memoirs by Blanford, 
is published simultaneously with the “ Observations.”* 

The climate of South Australia is well described, both 
popularly and scientifically, by Charles Todd, of Adelaide, 
in “The Observatory and Climate of South Australia.” Mr. 
Todd, as Meteorological Reporter, has been able to make 
good use of the telegraph lines of Australia, over which he 

* Jan. 25,1878. We cannot refrain as we go to press from calling atten- 

tion to Blanford’s Part II. of the ‘*‘ Meteorologists’ Vade Mecum,” which is 

just received, and is simply an elementary treatise on meteorology as exem- 
plified in the climate of India. In this work all the errors that still disfigure 
our text-books are dropped, scarcely mentioned, and the best thoughts of the 

best men of 1877 are clearly set forth. 
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has control, being Superintendent of the Post-office and 
Telegraph Lines. There report to him daily by telegraph a 
number of rain and weather stations, and in the volume 
above named he gives the means and sums for 70 stations 
out of the 80 that he has established. Russell, at Sydney, 
also publishes a daily telegraphic weather bulletin. 

The French Meteorological Association has begun the 
publication of a semi-monthly, La Quinzaine Météorologique, 
giving for fifteen or twenty stations the daily observations 
and general weather notes. Possibly this may develop into 
something equivalent to the Monthly Weather Review of the 
Signal Office, a publication that has already been copied 
from by the Berlin and the Toronto weather offices. 

Professor Ragona, of Modena, has issued a circular call- 
ing for the formation of an Italian meteorological associa- 
tion. This is done at the request and with the support of 
very many Italian scientists, and the new society will un- 
doubtedly be a most active and efficient body. 

In the highest portion of the upper valley of the “ Kleinen 
Fleiss,” a branch of the “ Mollthal” in Upper Carinthia, there 
have existed from ancient times gold and silver mines more 
than 8000 Paris feet above the sea. Here upon the Gold- 
zeche Fleiss, at an altitude of 2740 meters, was established 
in August, 1870, a meteorological station, which, as yet, re- 
mains the highest in the world—Pike’s Peak only excepted. 
This station is in the midst of the lesser Fleiss glacier, and a 
brief discussion of the results of the meteorological observa- 
tions for six years is given by Hann in the Zeitschrift of 
the Austrian Meteorological Association. 

The report of the Treasury Committee at London upon the 
working of the British Meteorological Office recommended 
that ocean meteorology be transferred to the Admiralty, 
that the annual grant be increased, and that some aid be 
given to scientific investigations, as also to the Scottish Me- 
teorological Society; also that the Council in future assume 
more entirely the control of the office. The report makes a 
Blue-book of 216 pages, the whole thoroughly indexed, and 
forming a valuable réswmé of the present state of practical 
meteorology in England. The very voluminous evidence 
published by the committee shows that unfortunately none 
of those whom they consulted entertain any enlarged or ad- 
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vanced views of meteorology as a dynamical or physical 
study. In this respect, possibly, the evidence of Professor 
Airy is most interesting. He testifies that, in his opinion, 
meteorology cannot be called a science, because as yet we 
have scarcely taken a step from causes to effects; that, in 
order to develop the science proper, there are needed more 
observations from more numerous stations throughout the 
world, by means of which to construct daily weather maps. 
He also points out the necessity of studying the viscosity 
of the air, the diffusion of vapor, the radiation of heat, and 
other physical properties which require experimental inves- 
tigations; that, in short, what we want is a theory to apply 
to what we observe in the atmosphere. Had the Treasury 
Committee called to their councils some other witnesses than 
those they did, they could easily have been furnished with 
those well-established theories that are now recognized 
as the basis of the true deductive science. We have our- 
selves for some years past urged the establishment among 
our American colleges of special schools and physical labo- 
ratories devoted to meteorology. These should, on the one 
hand, train up the experts needed as advisers to large busi- 
ness interests and in the Army Signal Office, and, on the 
other, should contribute to the development of that deduct- 
ive science concerning which so little seems to be known by 
the witnesses who testitied before the Treasury Committee, 
but which is none the less recognized by most of those who 
actually make the official weather predictions in Europe and 
America. 

In accordance with these recommendations the London 
Office is now somewhat differently organized, being directly 
under the control of the Meteorological Committee, to which 
Mr. Scott is now appointed as secretary. The report just 
published for the previous sixteen months shows, however, 
but little evidence of change. Its sphere of work is some- 
what increased. 

In Mexico, under the Department of Public Works, a Me- 
teorological Bureau has been established, and hourly obser- 
vations are published in monthly sheets. Sefor Barcena 
hopes that eventually weather reports and warnings will be 
exchanged with the United States to the advantage of both 
parties. 
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The Royal Academy of Copenhagen has published the 
valuable meteorological observations of the famous astrono- 
mer Tycho Brahe. The record extends over sixteen years 
(1582 to 1597), and enumerates seventy-eight auroras; it 
has been carefully analyzed by De la Cour. 

The Paris Observatory has published the Atlas Wétéorolo- 
gique des Orages for 1875. This series of annual volumes 
now embraces some of the most admirable memoirs that we 
possess on subjects relating to thunder-storms. | 

The Observatory at Sydney, Australia, has during the 
year published a daily weather map, based, of course, on 
telegraphic reports, and which may be expected to be the 
precursor of a general map for Australia. 

The director of the Paris Observatory seems to have 
taken the right course in encouraging the enterprise of the 
New York Herald, which paper has endeavored to lay all 
Europe under still further obligations to it by showing that 
storm predictions are possible for Europe a week in advance. 
This bold undertaking has been welcomed with considerable 
popular applause in Great Britain and France; but the more 
conservative and rational students still continue to doubt 
the possibility of real success in the undertaking—twenty- 
five per cent. of successful predictions will hardly overbal- 
ance the seventy-five per cent. of failures that a careful ex- 
amination of the weather maps has revealed. 
When in 1868 the writer started the Daily Weather Bul- 

letin of the Cincinnati Observatory, with its local predic- 
tions, the proposition to furnish daily synopses to Leverrier 
was gladly accepted by him, and a greater familiarity with 
the subject, while serving to show the difficulties, has also 
impressed him with the possibilities. A simple synopsis 
of existing conditions on our side of the Atiantic would be 
a decided help to the European students in their daily pre- 
dictions. 

Since the death of Leverrier the advocates of a complete 
separation of meteorology from the Paris Observatory have 
made strong efforts to accomplish their aims. Probably 
nothing will be done that is inconsistent with existing de- 
crees. It seems to be felt in France that meteorology has 

not made the advance that it should have done. 
The rapid extension of weather warnings for agricultural 
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purposes in France is seen by the fact that 1000 communes 
will by the end of the first year be in receipt of free daily 
forewarnings from the Paris Observatory. 
Among the newest attempts to investigate the meteorol- 

ogy of the upper strata of the atmosphere, we note the estab- 
lishment by Secchi of a complete observatory on the summit 
of Monte Cavo, 2800 feet above the Roman Campagna. 

The meteorology of the Libyan Desert forms the subject 
of the second volume of Rohlf’s Expedition. The editor, 
Dr. Jordan, finds that the diurnal barometric range is unusu- 
ally large. The daily range of temperature is 24°; the mean 
relative humidity at 2 P.M. is 17 per cent. Half an inch of 
rain fell in February—a matter of rare occurrence. 

With the Ist of January the weather maps published by 
the meteorological offices in Germany and Austria have re- 
ceived considerable enlargement and improvements. The 
daily weather map published at Vienna is for Europe the 
best that has as yet appeared, being upon a large scale, and 
very clear in all its details. The Hydrographic Office at 
Berlin has begun the publication of monthly weather re- 
views for Europe. Its articles are compiled and signed by 
well-known meteorologists; and as it appears only a long 
time after the month to which it refers, its scope and objects 
are evidently somewhat different from those of the reviews 
published by our Army Signal Office. 

The Monthly Weather Review deserves a wider cirenla- 
tion than it appears to have in this country. It consists 
of ten or twelve pages of text and three maps, and gives 
in a very condensed review all the matter received by our 
Weather Bureau within fifteen days after the close of the 
month. 

Perhaps the most interesting event that has occurred of 
late years to extend our means of studying the storms of the 
atmosphere consists in the important order issued on Christ- 
mas-day, 1876, by the Secretary of the Navy, to the effect 
that, wherever our vessels may be, there shall every day be 
made a complete meteorological observation, simultaneously 
with those made at Washington at 7h. 35 m. A.M. It is 
hoped that the other navies of the world will unite in this 
simultaneous system of weather observation, and that the 
merchant marine will follow so far as able. These observa- 
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tions will form an important part of the Bulletin of Inter- 
national Simultaneous Meteorological Observations, to which 
so many nations contribute, in response to the invitation of 
General Myer and the advice of the Vienna Meteorological 
Congress. The British and United States merchant marines 
have already voluntarily added valuable observations to this 
Bulletin. The navies of Portugal and France also contrib- 
ute. 

We learn from the Japan Weekly Mail that an excellent 
pamphlet on meteorology has been published by Mr. Joyner, 
of the Meteorological Department at Tokio, in which he ad- 
vocates strongly the establishment in Japan of an extended 
system of observations by carefully trained observers. Such 
observations have hitherto been made by Mr. M‘Vean and 
Mr. Joyner for the Department of Public Surveys, and by 
some of the Americans stationed as professors in the other 
government institutions. 

The International Congress of Meteorologists that was ap- 
pointed to be held in Rome in September having been de- 
ferred to September, 1878, the advocates of a series of inter- 
national Polar expeditions (Messrs. Wilezek and Weyprecht) 
have widely circulated their programme, detailing the work 
to be done, which, of course, largely relates to terrestrial 
physics. It is proposed that each station be occupied one 
whole year; besides the usual meteorological observations, 
particular stress is laid upon observations of ice, tides, auro- 
ree, magnetic phenomena, and earth currents. 

As these proposed international Polar stations are for 
purely scientific investigations, and as their plan so perfectly 
harmonizes with the Howgate plan of an Arctic colony, it is 
to be hoped that our own government will establish, at least, 
two such scientific stations—one at Point Barrow, the other 

to the north of “ Hall’s Rest.” 
The sixth annual report of the Superintendent of the Me- 

teorological Service of the Canadian Dominion, presented by 
Carpmael in the absence of Professor Kingston, shows the 
continued activity of the office in gathering meteorological 
observations from the entire northern portion of America. 
Twenty new rainfall stations have been established in Brit- 
ish Columbia; five new complete stations in the northwest 
territories; eleven in Ontario; two in Manitoba, ete. In 
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all, 120 stations report to the Central Office. Telegraphic 
reports are received from stations in the United States and 
the Dominion sufficient to allow the office to issue its own 
daily weather predictions and storm warnings independent 
of those received from the office at Washington. The work 
of the office for the year has been highly complimented by 
the Toronto Board of Marine Exchange. 

Detailed tables of observations and averages, etc., accom- 
pany the report, as in former years, together with short re- 
ports from the observatories at Kingston, Quebec, Montreal, 
and St. John. 

Early in 1877 the large volume containing the meteoro- 
logical and physical observations of the Polaris Arctic Expe- 
dition was published by the National Academy of Sciences. 
As only a very small edition of this volume was printed, we 
shall give a somewhat extended réswmé of its contents as 
soon as Dr. Bessels has published the results of his revision of 
the work. Among the interesting items that Dr. Bessels an- 
nounced was the demonstration of the fact that in Smith 
Sound there meet two opposing tidal waves from the north 
and south, confirming the theory that Greenland is an island. 
The same fact is now independently deduced by Rev. Samuel 
Haughton from the tide observations of the British Polar 
Ixpedition, and a deserved tribute should be paid to Dr. 
Bessels’s sagacity. 

Some progress has been made in the formation of state 
meteorological associations in the United States. The first 
annual report of the Iowa weather stations shows that about 
ninety observers report to Professor Hinrichs, who in various 
ways finds opportunity to foster an increasing intelligent in- 
terest in the subject of meteorology. The rainfall map for 
Iowa is published monthly, and is a most praiseworthy con- 
tribution. An enthusiastic beginning has been made by 
Professor Nipher, of St. Louis, who will publish monthly 
reports of “The Missouri Weather Service.” 

The first steps have been taken towards the organization 
of a state system of reports in Illinois. The statistics gener- 
ally published annually by the regents of the University for 
New York, and by the Secretary of State for Ohio, together 
with the data given in the annual reports of various Boards 
of Public Works, Chambers of Commerce, Boards of Trade, 
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etc., show that there is a considerable independent activity 
in weather observation. 

INSTRUMENTS AND METHODS. 

The application of the thermo-electric pile to the study of 
terrestrial radiation has been treated of by Froélich in Wild’s 
Repertorium. He employed a blackened surface as his nor- 
mal standard ; this was heated to known temperatures, and 
its effect upon the pile observed. An empirical formula was 
thus obtained, which gave the temperature of the surface as 
a function of the movements of the galvanometer needle. 
The instrumental constants being thus known, the face of the 
pile is to be turned towards the sky, and the temperature 
then observed becomes the basis of further computations, 
whence the mean temperature of the atmosphere and eventu- 
ally the mean temperature of exterior space may be deduced. 
As illustrating his results, Frélich deduces for the mean 
temperature of the atmosphere —17° C. on August 17 and 
— 36° C. on October 23, 1876. 

Dr. Buff, of Giessen, describes a method by which he at- 
tempts to make the thermo-electric pile an important mete- 
orological instrument. He claims that it enables us to meas- 
ure the greater part of that portion of the sun’s rays which 
has not yet been converted into sensible heat. Dr. Buff’s 
method of operating consists in exposing both ends of the 
pile to the temperature of the air when the needle assumes 
its zero position. The upper end is then exposed to any por- 
tion of the sky, when, of course, the needle indicates heat or 
cold, according to the position of the sun and condition of 
the sky. If, now, a plate of glass is held as a screen to this 
exposed end, it cuts off all rays of low refrangibility, and the 
needle returns partially, but never during the daytime en- 
tirely, to its zero. With a perfectly clear sky, and without 
the glass screen, the radiation of the exposed end caused, for 
instance, an indication of —50°, but protected by the glass 
screen an indication of +10°. On another day the blue 
heavens gave —30°, the glass screen +20°, and the clouds 
+50°. The ends of the pile are covered with lamp-black, 
whose radiation is nearly the same as that of the green 
leaves, and the instrument, therefore, gives a just idea of the 
range of temperatures to which leaves are subject. It is a 
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most important instrument to those engaged in investiga- 
tions bearing on the growth and distribution of plants, as 
well as to the physical meteorologist. 

The importance of knowing the sum total of the tempera- 
tures at any place for various meteorological and pheenolog- 
ical studies, lends value to the suggestion of Steinecke that 
clocks uncorrected or anti-corrected for temperature be in- 
troduced as a part of the meteorological apparatus. Such 
clocks or chronometers, called thermo-chronometers, have 
long been used in longitude determinations and for rating 
chronometers, and will abundantly answer the required 
purpose. But for meteorological purposes, self-recording 
thermometers, in connection with Ausfeld’s planimeter, offer 
every facility for accomplishing the same end cheaper and 
better. The idea of temperature clocks is also worked up 
by Mr. F. Stanley in the Quarterly Journal of the London 
Meteorological Society. 

Of the numerous precautions to be taken in using the wet- 
bulb thermometer, we find some account in Marriott’s report 
detailing the results of observations on ten wet and three 
dry thermometers all enclosed in the same cage. It is neces- 
sary that all should be covered with the same kind of mus- 
lin, which should be very thin, and be connected with the 
water reservoir by six or eight threads of yarn tied to the 
upper end of the muslin. For the minute yet important de- 
tails we must refer to the volume itself. 

The formule for correction of the instrumental errors of 
the aneroid are given by Von Wullerstorff Urbain, who ex- 
emplifies them by an example drawn from the record of the 
ship Zegetthoff. 

In the course of his remarkably accurate investigation 
into the truth of the Boyle or Mariotte law, Mendelleff in- 
vented an improvement upon the barometer—undoubtedly 
one of the most important that has ever been suggested. 
It consists simply in terminating the upper end of the ba- 
rometer tube by a capillary tube bent downward. By means 
of this it is possible to cut off and expel the last trace of any 
foreign gas that may remain in the vacuum chamber. He 
thus obtains a perfect instrument without boiling the mer- 
cury in the tube. His determination of the correction for 
capillarity and his method of measuring the barometric press- 
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ures are the most refined of modern times. He attains an 
accuracy of the twenty-five-hundredth part of an inch, in his 
results rivalling the new normal barometer constructed by 
Wild. 

There have come to hand from the India Office Blanford’s 
pamphlets of Instructions to Observers and Tables for the 
Use of Observers, both of which correspond in every way with 
the latest views of meteorologists. We note as to his tables 
for the psychrometer that Blanford has computed them for 
barometric pressures of from 29.7 to 18 inches, thus allowing 
the use at each station of a table adapted to its own altitude. 
He has also introduced the correction to the tension of vapor 
for reducing barometric heights to gravity at 45° latitude, 
a correction that is quite sensible, but ought not to be ap- 
plied unless all the barometric readings are similarly correct- 
ed, as has been done by Ferrel in the isobars on his charts of 
the earth on a polar projection. 

Professor Mendelleff, of St. Petersburg, author of a well- 
known hand-book of chemistry, has announced his intention 
to devote to the prosecution of atmospheric studies by means 
of balloons all the profits of his published works for the next 
five years. He will probably begin by constructing a cap- 
tive balloon holding from 50,000 to 70,000 cubic feet of gas. 

Some interesting facts deduced from observations made 
during balloon voyages near Nashville, Tennessee, under the 
conduct of the well-known aeronaut Professor 8. A. King, 
of Boston, are given in the Signal Office Monthly Weather 
Reviews during the year. 

The highly important observations of clouds and currents 
of wind by means of toy balloons continue to be daily made 
at Paris, under the patronage of Secretan. No more prom- 
ising field of research has of late years been opened up to 
meteorologists, and its economy places it within every one’s 
reach. 

Bell’s telephone proves to be so exceedingly sensitive to 
disturbing currents that it is said that the occurrence of a 
thunder-storm anywhere within the horizon was made evi- 
dent by a peculiar class of noises—indeed, storms still out 

_of sight have thus preannounced their approach, and it is 
suggested that this instrument may prove a highly useful 
addition to the equipment of the meteorological observer. 
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CONSTITUTION AND PROPERTIES OF THE AIR. 

Mr. G. W. Hill, of Nyack, New York, contributes to the 
July number of the Analyst a paper on an empirical formula 
for the volume of atmospheric air at any temperature and 
pressure. Starting with the fundamental assumptions (1) 
that under constant pressure the ratio of volume to temper- 
ature is constant, and (2) that the constant ratio is itself a 
function of the pressure, he shows that Regnault’s observa- 
tions of the volume and tension of air, intended as a test of 
the law of Boyle and Mariotte, lead to the conclusion that 
this law is exactly true only at the temperature of 130° C., 
and that the coefficient of expansion under a constant press- 
ure is 0.0036445 at a pressure of zero, whence it increases 
up to 0.0038618 at a barometric pressure of 21.5 meters, or 

about twenty-eight atmospheres. 
The carbonic-acid gas in the atmosphere has been observed 

by Farsky at Tabor in Bohemia, altitude 1400 feet. Daily 
observations for one year gave a mean value of 3.43 vol- 
umes in 10,000, or 0.034 per cent. The quantity of this gas 
increased with the variability of the weather. 

Winkelmann shows that observations lend probability to 
the theoretical conclusions of Von Obermayer that the co- 
efficients of conduction for heat of air and hydrogen have 
different and not the same ratios at different temperatures. 
Similarly Von Obermayer has shown that the coefficient of 
friction for hydrogen increases with the temperature more 
slowly than does that for the air. These results are con- 
firmed by a more recent investigation by Pulitz. 

The absorption of radiant heat by aqueous vapor has been 
treated of very well by Haga, who reviews the work of Hoor- 
weg, and concludes that a column of saturated air at 17° or 
18° C., one meter long, absorbs 3 per cent.; 3.3 meters long, 
10 per cent. of the heat radiated from a Leslie cube at 100° C. 
Besides these, Buff, of Giessen, has also shown that aqueous 
Vapor is far more, and dry air far less, diathermanous than 
was maintained by Tyndall. Their results materially effect 
some meteorological theories. 

Lins shows how observations of halos may be utilized to 
determine the dew-point at high elevations in the air. 
Kummer has, in the Berlin Abhandlungen, continued his 

investigations into the resistance of air to projectiles. 
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TEMPERATURE AND DIATHERMANCY. 

Our knowledge of the transparency of our atmosphere is 
reviewed by Ricco in the Memoirs of the Italian Spectro- 
scopic Society; he gives an instructive collation of the co- 
efficients of transmission of the total solar radiation and 
also the separate coefficients for the purely luminous rays. 
Some observations made by Provenzali at Rome with the 
lucimeter are here published for the first time. 
Numerous papers relative especially to the diathermancy 

of the atmosphere have been published in France principal- 
ly by Crova. 

Wielenmann’s important memoir of 1872, on the tempera- 
ture of the atmosphere as deduced from purely geometrical 
and physical relations, and in which he successfully repro- 
duced the observed hourly temperatures for stations over 
the whole globe, has now been followed by an almost equal- 
ly successful deductive treatment of the subject of evapora- 

‘tion and atmospheric moisture. A translation by Freeman 
of Fourier’s “ Analytical Theory of Heat” has been pub- 
lished by the Cambridge Press. 

Dr. Stilling, in studying the cold period of May, 1876, in 
Russia, shows that it depended on the formation of baro- 
metrical minima, which passed from the Baltic to Southern 
Europe. 

Careful observations and study of the temperature and 
humidity of the air at different altitudes have been made at 
Upsala by Professor Hamberg. By means of thermometers 
attached to high stationary posts, Hamberg has studied the 
influence of altitude per se, while by means of small mova- 
ble posts he has investigated the influence of the nature of 
the surface soil. Some of his results are briefly as follows: 
During clear weather, and at least from two hours before 
sunrise to two hours before sunset, the temperature of the 
air is lower than that of the earth on which it rests. The 
fall in temperature preceding sunset is greater near the 
earth than at greater heights. The latent heat evolved 
during the formation of dew arrests the fall in the tempera- 
ture, but not to the extent that some suppose. After the 
dew is deposited, the temperature may sink even to below 
the freezing-point; but as soon as the dew changes to hoar- 
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frost, the temperature of surrounding air rises to 32° Fahr., 
and even above, while higher up the strata of air continue 
to be even below 32°. The isothermal surfaces near the earth 
during the night are not always horizontal or parallel. 

Hellmann, in a memoir on the variability of the tempera- 
ture in Northern Germany, gives many comparisons of local 
interest, especially relative to the influence of the Baltic and 
North Sea. 

In an important memoir on the annual temperature pe- 
riod, Ragona first deals with the theoretical formule, and 
then applies them to observations at Modena, Bologna, Milan, 
and Geneva. He shows that the radiation of heat at night 
from the earth is proportional to the solar radiation re- 
ceived during the day. Among the many very interesting 
results of his investigation, he gives formule representing 
the annual changes in the daily maximum and minimum 
temperatures, and shows that the mean of these two formu- 
lee represents the mean annual temperature. 

WINDS AND CURRENTS. 

Anything that draws the attention of observers to the im- 
portance of observing the actual heights and movements of 
the clouds is to be welcomed, and we note, therefore, the 
little work of A. Ringwood, of Australia, in which he gives 
some methods, but by no means exhausts the subject. The 
methods that have been proposed and used are now so nu- 
merous and various that any one who will may easily make 
these important measurements. Among these is one pro- 
posed by the author in 1873, but not yet published: it con- 
sists essentially in throwing a beam of light vertically, or 
at any determined angle, by means of the reflectors used in 
public illuminations; an observation from a neighboring sta- 
tion of the spot of light on the under surface of the clouds 
gives their altitude; so that both by day and night the ele- 
vations may be determined. The formule, etc., for use in 
applying the photographic camera to this purpose during 
the daytime were communicated by the author in 1871. 

Captain Miejahr gives in the Hansa a series of articles on 
clouds and winds of the coasts of China and Japan, which 
will be found to be eminently instructive. 

The importance of systematic observations on the move- 
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ments of the clouds continues to be frequently urged. Cle- 
ment Ley calls for as many co-operators as possible in this 
work, and Broun has carefully discussed his own most exact 
observations. Hildebrandsson has published, with numerous 
charts, a new edition of his studies into the movements of 
the upper currents of the atmosphere. None of these works, 
however, seem to be comparable in extent and importance 
with the magnificent series of maps that have now for seven 
years been published thrice a day by the Army Signal Office. 
These maps and the accompanying bulletins show the direc- 
tion of the winds, the lower clouds, and the upper clouds; 
and as early as May, 1872, the author announced the law that 
the upper clouds moved towards a point to the right of the 
direction of the lower clouds, and subsequently that the low- 
er clouds also moved to the right of the surface winds. He 
also stated that the prevalent mistaken idea that the upper 
currents were all from the west, or that a steady west cur- 
rent prevailed at great altitudes, arose from studying only 
cirrus clouds, which were, at least in the United States, gen- 
erally found on the west sides of centres of high pressure 
(see Bulletin Phil. Soc., Washington, 1871). The exact ineli- 
nation of direction of lower cloud movement to the winds 
was first determined by Redfield in 1833-39, as about 7°. 
In the previous year Redfield had estimated at 45° or less 
the angle between the winds and the radius drawn to the 
storm-centre. : 

Bays-Ballot has published an extended discussion of the 
relation between the theory and observation relative to the 
connection between barometric pressure and the wind. To 
a certain extent this is an examination into the truth of the 
law known as Buys-Ballot’s law, and published by him in 
1857. ‘This law has been so often modified by others as to 
have quite lost the simplicity of the wording of the author, 
who originally announced it thus: “ When at two stations 
in Holland the deviations from normal pressures are un- 
equal, the wind will, within twenty-four hours, be found to 
blow at right angles to, or within 30° on either side of, the 
line joining these.” According to his present investiga- 
tions, Buys-Ballot finds that the east and northeast winds 
set in less promptly than the west winds; and with regard 
to the gradients, he finds that these winds need a steeper 

1 
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eradient than the south and west winds in order to acquire 
the same velocity. The law ordinarily called Buys-Ballot’s 
was first demonstrated in 1853 by J. W. Coffin, and was ex- 
pressed substantially as follows: The winds are inclined at 
an angle of 65° to the direction of the lowest pressure. 

C. de Seul contributes to meteorology, as his magister dis- 
sertation, the results of most laborious toil, viz., the monthly, 
seasonal, and annual wind-roses for six stations in Southern 
Norway, and for the six climatic elements, viz., pressure, 
temperature, absolute and relative humidity, cloudiness, and 
wind-force. The scientific value of the work is highly spo- 
ken of by Mohn. 

In Brault’s “ Circulation Amosphérique de PAtlantique 
Nord ”—-a work of great labor, and apparently a worthy con- 
tinuation of those studies that were begun by Maury, and to 
which Buys-Ballot, Buchan, Hoffmeyer, Brito de Capello, Cor- 
nelissen, and Scott have of late years made so many contribu- 
tions—Brault has taken an important step in that he has un- 
dertaken to classify his 200,000 observations of the wind ac- 
cording to the force as well as according to the direction. 
Besides the excellent charts and the ninety pages giving in 
detail the data on which the charts are based, the author 
gives an interesting sketch of the actual state of the works 
in nautical meteorology that were begun in 1869 under the 
administration of Admiral De Genouilly, whence it appears 
that from the journals kept by French vessels the French 
Hydrographic Office has compiled a large number of charts 
and tables, which will, it is hoped, soon be published. A 
glowing tribute is paid by him to the importance of such 
simultaneous observations as the Signal Service is now re- 
ceiving from all seas and lands. Brault’s charts give not 
only the relative frequency of winds from each point of the 
compass, but also the probability of strong and light winds 
and calms, and furthermore the probable changes or order 
of succession of the successive winds; they are thus pecul- 
iarly adapted to the needs of the mariner, and are undoubt- 
edly an improvement upon the charts that have hitherto 
been published at Washington, London, and Utrecht. 

The position and phenomena of the equatorial calm-belt 
have been studied by Miihry with the help of the charts of 
the London Meteorological Office. He finds that the lowest 

D 
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pressure agrees with the belt of highest temperature. The 
diurnal barometric period is well marked, and is, he thinks, 
evidently of telluric, not local origin. The trade-winds are, 
he thinks, evidently not the cause of the equatorial ocean 
currents, because the latter increase as the former diminish 
near the equator. The region of heaviest and most frequent 
rain is permanently about 5° north of the equator. 
Two papers have been published in the Austrian meteor- 

ological journal by Guldberg and Mohn, in which the au- 
thors have rehearsed some of the views presented by them 
a year ago in their “Etudes.” They deduce the angle of 
deviation of the winds from the line of steepest ovadient as 
dependent on the geographical latitude and the coefficient 
of friction, and give in tabular form its value for different 
values of these fundamental quantities, Their method of de- 
termining the coeflicient of friction and other resistances for 
each station is worthy ot general application ; in the cases 
computed by them for stations in England a very considera- 
ble difference is found for southwest and northeast winds. 
The observed wind velocities on sea agree closely with the 
theoretical, but those on land fall far below. The velocity 
at an altitude of 100 meters is but one per cent. greater than 
that at the surface of the ground, and for the determination 
of the coefficient of friction it is best to use only the relative 
directions of the wind and isobars. 

Dr. Carl Benomi, in “ Der Einfluss der Axendrehung der 
Erde” (Petermann, ’ Mittheil, ,1877), gives a short reference to 
the history of this problem, and then takes a backward step in 
maintaining that east and west winds are not influenced by 
the earth’s rotation. His essay is mostly confined to a con- 
sideration of the winds of aspiration and propulsion as de- 
fined by Miihry. Benoni commits the singular mistake of 
attributing to Dove that law which was known to Laplace, 
but was enunciated by Poisson, 1837; Foucault, 1851; Bénet, 
1851; Babinet, 1854; Ferrel, 1854 and 1859; and by numer- 
ous authors since then, according to all whom, in our north- 
ern hemisphere, a body moving in any direction whatever de- 
flects or tends to deflect to the right. This law is based on 
the principle of the conservation of areas, and differs essential- 
ly from the principle first enunciated by Hadley, and adopted 
by Taylor, Herschel, Dove, Colding, Maury, Peslin, Benomi, 
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and others, according to whom bodies moving on the paral- 
lels do not deviate to the east or west. This fundamental 
theorem in the dynamics of the atmosphere was abundantly 
elucidated in the discussion that was from 1851 to 1860 fully 
reported in the Paris Comptes Rendus. The more general 
law known as Poisson’s in France, and in America as Fer- 
rel’s, was applied to the winds of the globe by Babinét, 
1854, and simultaneously by Ferrel, whose complete memoir 
marks an important epoch in the development of meteoro- 
logical science. A very complete review of the literature 
of this subject, so far as it relates to Baer’s Law, is given by 
Benomi and Schmidt in the Vienna Geog. Mitth. 

It is said that M. Finger, in a memoir on the mathemat- 
ical theory of the motions of the atmosphere, has demon- 
strated among other things that the pressure is increased by 
easterly winds and diminished by westerly winds. 

This latter scientist has enriched meteorology with a mem- 
oir, which is substantially a second edition of his famous pa- 
per of 1859, on the motions of the winds on the surface of the 
earth. This latter paper was too little known among Euro- 
pean meteorologists until reviewed by Hann, a year ago, in 
the Zeitschrift of the Austrian Meteorological Society. The 
present writer, however, in 1865, and especially in 1869, had 
drawn the attention of certain individuals to this important 
memoir, and in 1871 quoted it quite freely in the pamphlet 
of “ Suggestions on the Use of Weather Maps” (published by 
the Army Signal Office, 1st edition, May, 1871); while, in the 
meantime, Professor Everett, in his translation of Deschanel’s 
Philosophy, had spoken of it in terms of highest praise. In 
fact, the fundamental problems of deductive meteorology 
were, for the first time, solved satisfactorily in this first 
edition. Professor Ferret has simply revised his work in 
the light of the great mass of accurate data that have with- 
in twenty years been accumulated by the meteorological 
writers. The most important new features of the work 
consist in, (1) the formula for variation of pressure with al- 
titude when the air is in motion; (2) the expression for the 
gradient of inclination of any current of water or air in a 
section at right angles to its course; (3) a table of mean 
temperatures over the whole earth, deduced by combining 
the best modern authorities; tables for January, July, and 
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the year are given, and the latter is condensed into a mean 
for each parallel of latitude, whence is deduced the follow- 
ing formula in centigrade degrees: 

t=8.50°—1.75° cos. 9—20.95° cos. 20—1.00° cos. 39—2.66° cos. 40 
(where @ is the the north polar distance) ; 

whence, by integration, there results the mean temperature 
of the surface of the southern hemisphere, +16.05°; and of 
the northern, 15.30°; and for the whole earth, 15.67°, a re- 
sult agreeing closely with Forbes and Von Waltershausen. 

(4) In a similar manner new charts of isobars, based on 
the newest data collected by Rikatcheff, Hann, Buchan, etc., 
have been compiled by Ferrel, which, together with charts 
of the annual inequality, are all upon a polar projection. 

(5) The general circulation of the atmosphere is deduced 
by reasoning based on the charts and the mechanical prin- 
ciples previously deduced. 

PRESSURE AND ISOBARS. 

The normal distribution of atmospheric pressure in Eu- 
rope has been further elucidated in an important memoir by 
Buys-Ballot, published in the Nederlands Jaarbooek. 

Buchan’s paper on the diurnal barometric periods, in which 
he showed the decided influence of the relative distribution 
of land and water, has not yet been followed by the prom- 
ised second part. And the conclusion formerly deduced by 
the present writer still seems to be inevitable—d. e., that the 
diurnal and annual variations in the distribution of heat and 
moisture induce corresponding changes in the wind currents 
and consequently in the barometric pressure, the exact laws 
of which are contained in the formule of Ferrel’s “ Motions 
of the Winds on the Earth’s Surface,” though not developed 
by him with special reference to this interesting point. 

This subject has been recently studied by Chambers, 
Broun, Belfour, Stewart, and Blanford. Starting with ee 
idea of Kreil and Espy and others, that the expansion of the 
lower strata up to 10 A.M. is resisted by the weight of the 
surrounding atmosphere, thereby producing an increase in 
the pressure at the earth’s surface, Blanford seeks to show 
that, at least in India, the greater part of the barometric ir- 
regularities result from the transfer of air from land to sea 
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and back again. In this explanation, however, Blanford 
makes no use of the important laws of dynamics, according 
to which the distribution of density (as depending on tem- 
perature and moisture and latitude) definitely fixes the law 
according to which the pressure must vary with the loca- 
tion and the time. 

Professor Balfour Stewart, in some remarks on Mr. J. A. 
Broun’s discoveries, maintains that the electrical state of the 
atmosphere may very plausibly be introduced to explain the 
general disturbances or tides in the barometric pressure. 

Mr. Buchan has received from the Royal Society of Edin- 
burgh the Macdougall-Brisbane gold medal for his paper on 
the diurnal oscillations of the barometer. 

PRECIPITATION, CLOUDS, ETC. 

The question as to the existence of fog vesicles is reviewed 
by Von Obermayer, who concludes that the assumption of 
fine drops of water suffices to explain all phenomena that 
have hitherto been ascribed to vesicles, and that the forma- 
tion of fine drops is much more plausible on account of its 
simplicity. Angus Smith has observed in Iceland fog par- 
ticles of =4, inch diameter, or ten times that of the ves- 
icles observed by Saussure. 

Malloch has attempted to determine the altitude of the 
clouds by the comparison of photographic pictures taken 
simultaneously at two stations. This method, which was 
earnestly advocated by the author in 1871, seems calculated 
to give better results than any other, although demanding 
special precautions. Malloch estimates his extreme errors 
at three per cent. of the whole. He found the cirri of July 
and August to be at an altitude of from 22,000 to 27,000 
feet; large cumuli (the bases) at 6000 or 7000 feet; rain- 
clouds appeared at all altitudes up to 4000 feet. 

K. Antolik, of Hungary, calls attention to the remarkable 
phenomena shown when frictional electricity is allowed to 
act upon a quiescent cloud of tobacco smoke, which has 
flowed down upon and spread over a horizontal table. In 
this cloud he is able to reproduce the appearance of the 
most delicate cirro-cumuli, the cumuli, the mares’-tails, and 
other modifications of the forms of clouds. He would by 
these phenomena endeavor to explain the mode of forma- 
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tion of the ordinary clouds of the atmosphere ; but however 
beautiful the analogy between the appearances may be, yet 
the physical explanations are not likely to be so similar. 

In the annual reports for 1876 and 1877 of the Chief of 
Engineers, Mr. O. b. Wheeler gives a valuable reduction of 
all the observations of changes in level of the great lakes. 

Dr. E. Purkyne contributes a very interesting paper on the 
rainfall at Santa Cruz. The author gives some account of the 
early condition of the forests, and of the droughts to which 
the island is subject. There is no evidence of any great 
change of climate or of the dependence of rainfall upon for- 
ests, but rather upon the presence of hills and the position 
of the water and land relative to the winds. 

Dr. Hellmann has carefully studied the summer rainfall in 
Germany, using ten-day means for 22 years. He finds a 
double maximum in frequency and quantity —the first in 
June, the second in August. The cold period of June ends 
the first rain period, and is due to the irruption of cold air 
from the northwest. 

Dr. Von Bebber (Munich, 1877) has collected a large quan- 
tity of data relative to the rainfall of Germany. He finds 
the average in all Germany to be 71 centimeters. The 
influence of altitude is to increase the rainfall upon such 
mountain-tops (up to 1200 meters) as were available. A 
similar distribution prevails in America on Mt. Washington, 
and in India on the windward side of the mountain-ranges, 
all which, by causing the winds to push the air upward, de- 
termine the resulting condensation. 

Rubensen gives (A. Svensk Vet. p. 18, 1876) the geograph- 
ical distribution of rain in Sweden. The rainfall is heaviest 
(700-800 mm.) in Southwest Sweden, and least on the east 
side of the Scandinavian Mountains. 

As to the manner in which raindrops and hailstones are 
formed, Professor Osborne Reynolds maintains that there 
are in a cloud large and small particles of water and ice, and 
that of these the larger ones have demonstrably the greater 
velocity of fall; they will, therefore, overtake the smaller ones 
and add them to their own mass. These larger particles are 
most numerous at the upper surface of a cloud, where the 
cooling due to radiation takes place most rapidly. Beyond 
a certain limit raindrops cannot grow, as they will break up 
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as they rush through the air. The structure of hailstones, 
especially conical ones, shows that they have been formed by 
accretions on the lower side or base. 

Professor Fritz, of Zurich, has published a characteris- 
tically thorough memoir on the geographical distribution 
of hail. 

The classification of hailstones according to their external 
characteristics has been attempted in considerable detail by 
Prestel. 

The formation of hailstones is considerably elucidated in 
a short article by Flogel, of Bramstadt, who, in some re- 
marks upon a memoir by Reynolds, explains that the obser- 
vations made by himself, and in 1791 by Wilke, and in 1844 by 
Schumacher, all point to the conclusion that a erystal of snow 
or ice, having once been formed at a considerable altitude, 
and descending rapidly, grows in size only by additions to 
its lower side; if, therefore, its original shape allows of it, it 
will keep the same end always uppermost, and will grow into 
a conical mass of ice, which will on its exterior be marked 
by ridges or striz corresponding to the angles of the orig- 
inal crystal. In this connection we call attention to a fall 
of remarkably well-developed conical hailstones that is de- 
scribed in the Weather Review for April, of the Army Signal 
Service. 

The hailstorm of April 4, 1877, is described by Godefroy 
in the Comptes Rendus, with numerous illustrations, Con- 
ical stones similar to those above described fell abundantly. 
The question as to whether hailstones are to be considered 
as built up from the sphere or the cone as the nucleus is set- 
tled by K. Fritsch, whose great experience entitles him to say 
that both are equally common. 

The result of all the recent investigations into the diurnal 
change of temperature and moisture with altitude is thus 
summed up by Rubensen, of Upsala: The air at the earth’s 
surface is, by the fall of its temperature, quickly brought to 
the point of saturation. From this instant on,a deposit of dew 
and a diminishing absolute humidity closely follows every 
lowering of the temperature. This diminution appears soon 
to reach a constant maximum, at which it probably remains 
for some time. Meanwhile, either through diffusion or by 
the descending current of air, new aqueous vapor is conduct- 
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ed from the upper strata of air downward to the earth. 
Therefore every stratum communicates to the next lower a 
certain quantity of vapor and receives a new share from 
above; but the new share is not fully equivalent to the loss, 
as is seen from the fact that an incessant diminution takes 
place in all the strata, although the precipitation occurs only 
at the earth’s surface itself. The diminution of the humid- 
ity which corresponds to the difference between the quan- 
tity of moisture in the descending and ascending air strata 
begins subsequently in the upper air strata, which is a nat- 
ural consequence of the fact that the diminution has its spe- 
cial cause at the surface of the earth. For the same reason 
it is also less the greater the altitude is, provided that the 
comparison between the different air strata is made at the 
same hour. Moreover, the diminution of humidity tends to- 
wards a limit or maximum value which, as the observations 
seem to show, is greatest at the earth’s surface, where it oc- 
curs at the time of greatest diminution of temperature, and 
diminishes as we ascend. 

STORMS. 

Among the general treatises on meteorology lately pub- 
lished, we notice Scott’s “ Weather Charts and Storm Warn- 
ings,” and especially Rosser’s “ Law of Storms,” which latter 
is an impartial summary of the views of prominent meteorol- 
ogists as to the rotation of winds about storm-centres. 

Professor Loomis’s seventh contribution to meteorology 
treats of rain areas, and shows that they have an elliptical 
form: they exist under the influence of (or within the lim- 
its of) areas of high pressure as well as of low; that rain is 
not a necessary attendant of an area of low pressure; that 
the depression at a storm-centre is, as first demonstrated by 
Ferrel, and now widely accepted, a result of the centrifugal 
force due to the wind. The heat liberated by condensation 
into rain does, however, exert a decided influence upon the 
development and progress of low areas. The eighth paper 
by the same author was read before the National Academy 
in October, but was not printed until after the 31st of De- 
cember. 

During a portion of December, 1876, and January, 1877, 
both Great Britain and the eastern portion of the United 
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States were visited by a succession of storms, in which high 
winds, heavy rains or snows, and very low barometric press- 
ures were remarkably frequent. In the United States the 
tracks of the storm-centres, or areas of lowest pressure, as 
they moved eastward covered a region apparently far to 
the south of that which they ordinarily occupy, while their 
progress was generally very rapid. In Great Britain, on the 
other hand, the progress of storm-centres was unusually 
slow, frequently even stationary or retrograde, while the 
general path of the storm-centres was, as in America, far to 
the south of its usual position. In British America, on the 
other hand, and in Russia, low temperatures and high ba- 
rometers were experienced. The minimum temperature 
recorded at St. Petersburg was on December 22, —43.4° 
Fahr., being the lowest observed during the last 124 years. 
Farther eastward, namely, in Siberia, an unusual prevalence 

of warm weather was reported; and in the extreme west, 
on the Pacific coast of North America, unusually little rain 
and high temperatures prevailed. In fact, a general review 
of the movements of the atmosphere during these two 
months shows that there was an excess of cold dry air in 
northern latitudes and in the interiors of both continents, 
while over the Atlantic Ocean pressure was low and tem- 
perature and moisture were high. Both these conditions, 
therefore, caused a special development of the tendency to 
a cyclonic motion around the Atlantic basin. 

These oceanic cyclones, as distinguished from smaller 
storms, are central over the North Atlantic and Pacific 
oceans and over the Antarctic continent, and must, accord- 
ing to the author’s present knowledge of meteorology, vary 
in their intensity with any change in the solar radiation ; 
the phenomena of the past winter harmonize entirely with 
the conclusion that during the present period of few sun- 
spots the northern hemisphere has received slightly less 
heat than when the spots were large and numerous. A 
similar agreement between meteorological phenomena and 
this theory was noted by us about two years ago, but the 
satisfactory pursuit of these investigations can hardly be 
undertaken until we have a daily weather map of the 
whole world, or at least of the northern hemisphere. 

Dr. Blasius, of Philadelphia, has contributed to the Vienna 
iP 
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Zeitschrift a review of the principal points of his work on 
“Storms, their Nature and Classification.” 
A welcome contribution to the theory of cyclones is given 

by Guldberg and Mohn in the third of their papers in the 
Vienna Zeitschrift elucidating the results given in their 
“Etudes.” Assuming that descending and ascending cur- 
rents of air exist, they develop the consequences, and give 
some of the laws controlling cyclonic and anticyclonic move- 
ments. In the interior of a cyclone the path of a particle of 
air is a logarithmic spiral with a deviation from the radius 
vector greater than that normal to the latitude and gradient. 
The formula connecting velocity and gradient as given by 
them agrees closely with observation. 

The lamented J. Elliott, whose death occurred in Febru- 
ary, 1877, had completed, shortly before his decease, a mem- 
oir on the Backergunde and Vizagapatam hurricanes of 
October, 1876, which is a model of thoroughness, and to be 
classed with the admirable monographs of Blanford and 
Wilson. Elliott inclines to the opinion that an extended re- 
gion of calm bounded by opposing winds (trades and mon- 
soons) preceded the initiation of these whirlwinds, and is the 
principal determining feature in all the Indian cyclones. 

The report of 1877 of the London Meteorological Office 
states that a very large number of logs of vessels have been 
collected relative to the great hurricane of August, 1873, 
which passed near the coast of Nova Scotia. Daily weath- 
er charts and isobars for the whole month have been com- 
piled for the North Atlantic Ocean, and the whole investi- 
gation, which will soon be published, is probably the most 
thorough that has yet been bestowed upon any Atlantic 
hurricane. It is said to be clearly shown that this hurri- 
cane did not reach Great Britain, as was suggested by 
the present writer in his brief preliminary report to the 
Chief Signal Officer in September, 1873. 
A preliminary communication to the Royal Service Insti- 

tution by Captain Toynbee, with its invaluable charts, shows 
that the hurricane was to a great extent broken up on the 
south coast of Newfoundland, and amounted to only a storm 
when it reached Norway. 

Wijkander concludes with reference to the storms of the 
North Sea near Spitzbergen that they pass either on the west 
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side northward or on the south side eastward. The most 
of the centres of low pressure that follow the north coast 
of Norway turn east and southeast and pass on to the north 
of Nova Zembla into Russia. The other important storm- 
path is up the east coast of Greenland, west of Iceland, Jan 
Mayen, and Spitzbergen, then suddenly eastward to the north 
coast of Nova Zembla. The storms that pass up the west 
coast of Greenland are not felt at all on its east coast. 

Miihry (Petermann’s Wittheilungen, 1877, § 21), from the 
study of three westerly storms in Europe in 1873 (@. e., Jan- 
uary 23, March 11-13, December 16-19), concludes that these 
represented great equatorial currents penetrating from the 

Atlantic eastward deep into the interior of the cold region 
of Asia. 

OPTICAL PHENOMENA. 

The application of the spectroscope to the study of the 
atmosphere continues to be urged in a desultory way by 
Professor Smythe, who notes the occurrence of a severe rain 
on August 21, 1877, “marked by a heavy rain band in the 
prismatic spectrum of the daylight.” The studies of Hen- 
hessey upon the atmospheric bands at the time of sunrise 
and sunset give, however, the proper clue as to the best 
method of making and utilizing this class of observations. 

In discussing a large number of accurate observations of 
the scintillation of the stars, Montigny is led to the conclu- 
sion that the intensity of this phenomenon increases with 
the approach of rainy weather or moist weather at all sea- 
sons. ‘The increase is noticeable one or two days before the 
rain arrives, and diminishes immediately after the rain ceases. 
When a barometric depression with strong winds passes near 
the observer, the scintillation is remarkably increased. 

Lommel, after calling attention to the knowledge pos- 
sessed by Biot, Brewster, Goethe, Arago, and Billet in refer- 
ence to the polarization of the light of the rainbow, shows 
that the so-called Cartesian angle of incidence is that for 
which, for every substance and every color, according to 
Fresnel’s theory, one ninth of the light polarized perpendic- 
ular to the plane of incidence will be reflected. For the 
whole rainbow the effectual rays are those that possess the 
maximum polarization. For a single prism the angle of 
minimum deviation corresponds to that of minimum polar- 
ization. 
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ELECTRICAL PHENOMENA. 

Dr. Munk, of Marburg, quotes a sentence from the Talmud 
( Zosefta, Sabbath VII.) showing that in the fourth and fifth 
centuries before Christ the use of the lightning-rod was un- 
derstood. Dr. Wiedemann adds that, according to Dumi- 
chen, the Egyptians gilded and coppered the highest projec- 
tions, ete., “in order to protect from the celestial lightning.” 

The protection of buildings from lightning has been treat- 
ed of recently by the eminent electrician J. C. Maxwell, who 
elucidates the idea, already defended in these pages, that a 
discharge cannot occur between two points within a build- 
ing if the exterior is surrounded by a metal cage or sheath- 
ing, which latter need not be connected with the ground, but 
must, however, be joined to the gas or water pipes, in case 
any such enter into the building from without. 

In a memoir upon the aurora of April 7, 1874, published in 
the report of the Chief Signal Officer for 1876, the author 
concludes that the auroral light emanated from a very low 
region in the earth’s atmosphere, and spread east and west 
from certain well-marked localities. 
An elaborate paper by Mann is reprinted with additions 

in the Papers on Professional Engineering. 

RELATIONS WITH SUN-SPOTS. 

The connection between solar-spot frequency and terres- 
trial phenomena has continued to receive some attention 
during the year, but not much progress has been made by 
the advocates of an intimate connection. Meldrum reports 
that the cyclones of 1876 in the Indian Ocean exhibited 
markedly diminished intensity, in accordance with his theory; 
Hunter, Hill, and Archibald have shown that the registers for 
different parts of India may be so construed as to lend 
plausibility to the idea that years of maximum and minimum 
rainfall follow the years of maximum and minimum sun-spot 
activity. The importance of the question in India is acknowl- 
edged in view of the disastrous famines that visit that land, 
and the British Government has been urged, through the 
London daily press, to institute a comprehensive system of 
hydraulic engineering, such that the surplus rains of one sea- 
son may be husbanded for use in time of need. Such a sys- 
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tem was a thousand years ago in full operation, both in India 
and Ceylon, but has long since fallen into neglect. 

Balfour Stewart has a very excellent paper in the pro- 
ceedings of the London Royal Society, concluding that 
there is a slight balance of evidence in favor of a connec- 
tion between atmospheric and solar phenomena. 

Professor Langley, of Pittsburgh, as the result of a careful 
approximate calculation of the direct effect of sun-spots on 
terrestrial temperatures, shows that the least change in the 
mean annual temperature of the globe in the course of an 
eleven-year spot period is not less than one twentieth of a 
degree centigrade, and the greatest change is not greater 
than three tenths of a degree. In this estimate he only con- 
siders the direct effect of the diminished radiation of the 
spots, and can conclude nothing as to other, perhaps more 
important, changes, of which the spots are merely accompa- 
niments. 

RELATIONS WITH METEORS. 

The meteors that encounter our atmosphere certainly com- 
municate to its upper layers the heat due to the sudden 
stoppage of their motion, but of the exact amount of this 
heat we have but very indefinite ideas. A contribution to 
our knowledge of this subject has been made by Govi. 
A remarkable meteor was visible from Kansas to New 

York on the evening of the 21st of December, 1876, and ap- 
proximate determinations of its movements have been pub- 
lished by Kirkwood, Abbe, and Newton; the latter states 
that previous to encountering the earth’s atmosphere it 
must have been coming from a point near to and a little 
south of the ecliptic, in the southern or eastern part of the 
constellation Capricornus; he solicits additional observa- 
tions from those who saw this meteor, as he hopes to con- 
tinue his study thereupon. 

CLIMATOLOGY. 

The climate of Chili is treated by Hann in an excellent 
résumé of the volumes of observations published by the Cen- 
tral Meteorological Office at Santiago, 1868 to 1872. The last 
volume is, he says, the most complete meteorological annual 

report that has as yet appeared from any part of America. 
The climate of the Fiji Islands, as based on meteoro- 
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logical observations made during five years by Rt. 8. Holmes, 
is the best account we as yet have seen of the climate of any 
of the South Pacific islands. The mean annual temperature 
is 79°, the highest 98°, and the lowest 58°; the number of 
rainy days 170 per year, and the annual rainfall 124 inches. 
The climate is a healthy one as compared with most tropical 
countries. Uniform northeast trades prevail. 

Chambers, of Bombay, communicates to the Royal Society 
a memoir on the meteorology of that part of India, in which, 
after giving the results of twenty-seven years of observa- 
tion, he discusses the relation of the facts thus presented to 
the present state of theoretical or deductive meteorology. 

Dove has published his annual volume of monthly and 
five-day means for Prussian, Austrian, Swiss, and Italian 
stations. 

Mr. C. Todd has published a work on the climate of South 
Australia, which is highly spoken of. He has at his disposal 
seventy rainfall stations, from which also weather reports 
are received. He finds that barometric changes progress east- 
ward, occupying from two to four days in passing from West- 
ern Australia to Adelaide, and from twenty to forty hours 
in passing thence to Sydney and Brisbane, on the east coast. 

The climate of Yarkhand forms the subject of the first of 
the Indian memoirs by Blanford, and introduces us to one of 
the most interesting spots on the globe. At an elevation of 
4000 feet its temperature is that of Gibraltar and Messina in 
summer, but of Stockholm in winter. <A high, thick haze of 
fine sand-dust replaces the clear skies of other parts of India. 

Woeikoff gives in the Vienna Zeitschrift for November Ist, 
1877, a sketch of the climate of inner Asia, based principally 
upon the recent explorations of Przewalski and Pylzof, who 
journeyed in Thibet, Mongolia, China, Gobi, and Alaschan. 
Plantamour has published i in one firie volume “ Nouvelles 

Etudes sur le Climat de Genéve,” embracing a discussion of 
the observations since 1826. 

The climate of Peking has been thoroughly worked up from 
twenty-three years’ observations in a memoir by Fritsche. 
The temperature of Peking, as shown by observations in 
1757-62, has not sensibly changed in 100 years. 
The meteorological observations made at Abbasie, near 

Cairo, under the direction of Ismael Bey, have, we believe, 

cis 
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never as yet been published in full, but an interesting colla- 
tion of such as have been made accessible to meteorologists 
has been compiled by Hann. The observations extend from 
1868 to 1874, and are made eight times daily (at 0, 3, 6, 
9 o'clock, etc.). . 

The diurnal and annual periods of the meteorological data 
for Cracow, as deduced from observations during 1867 to 
1873, have been published by Dr. Karlinski. 

The climate of Kerguelen Island, on the 49th parallel 
of southern latitude, has been approximately deduced by 
Hann from the collected results of observations made there 
by Ross in 1840, Cook in 1776, and the German Transit of 
Venus Expedition, 1874-75. On comparison with other 
points in the southern hemisphere, he finds this island to 
have an abnormally low mean annual temperature. 

The climate of Switzerland is well presented by Billwil- 
ler in the means from twelve years of observations at the 
normal stations in that country. 

The nations that have published their climatological data 
in accord, or nearly so, with the form recommended by the 
Vienna Congress, are as follows: Italy, 24 stations; Neth- 
erlands, 4 stations; Great Britain, 9 stations. 

Wild has published, as a supplementary volume to his Re- 
pertorium, the first two sections of a great work on the dis- 
tribution of temperature in the Russian Empire. These sec- 
tions deal with the diurnal periodicity and the reduction of 
isolated observations to daily means. The subject is han- 
dled with great clearness and discretion, and will be a model 
for many future investigators. 

HYPSOMETRY. 

A year ago there was published a memoir by Grassi, of 
Milan, on “ Barometric Hypsometry,” in which he drew 
attention to the formula of Saint-Robert, published in the 
Philosophical Magazine for 1864, and in tabular form in the 
Memoirs of the Academy of Turin, Vol. XXV. This formula 
is based directly upon Glaisher’s balloon observations, and, 
according to Grassi, gives most excellent results; but in a 
very interesting paper by Hartl it has been recently shown 
that the Saint-Robert formula gives altitudes decidedly too 
small throughout the year, at least for Mount St. Bernard, 
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and is no decided improvement upon those of Plantamour, 
Bauernfeind, and Rublmann. 

As a perfect specimen of what a hand-book should be 
we recommend Dr. Paul Schreiber’s “ Handbuch der barome- 
trischen Héhen-Messungen” (Weimar, 1877). The discussion 
of instruments and errors, formulz and methods, leaves noth- 
ing more to be desired, as was to be expected from one who 
has had so much experience and is so high an authority. 

AGRICULTURE AND FORESTRY. 

The subject of forest-culture and the attending study of 
climate has of late years received increased attention. To 
the national bureaus of Switzerland and Bavaria we have 
now to add Prussia; this latter is under the direction of Dr. 
A. Muttrich, of the College of Forestry at Neustadt-Ebers- 
walde; thirteen stations are occupied under him, and the an- 
nual reports for 1875 and 1876 have appeared during 1877. 

Dr. F. B. Hough, formerly meteorologist to the State of 
New York, has about completed an extensive report to the 
United States Senate on Forestry; it is hoped that our gov- 
ernment will give this subject special attention. 

The influence of pine forests upon rainfall and atmospheric 
moisture has been investigated by Fautrat, who concludes 
that the pines have, even more than the leaf-bearing trees, 
the property of condensing the aqueous vapor; the atmos- 
phere is also moister and the evaporation far less. 

Fautrat has also studied the climatological influences of 
leafy and resinous woods. He finds that above the pines 
the maximum temperatures are higher and the minimum 
lower than outside of the forest, but in leafy forests the 
radiation of heat is counteracted by other phenomena pro- 
ducing heat. Within forests, especially of resinous woods, 
there is less ozone than in open ground. 
A contribution to the relation between meteorology and 

agriculture is made by Professor Wolling, of the Agricultural 
Experimental School at Munich, in his “Investigation into 
the Temperature and Evaporation in Different Kinds of Soil.” 

CLIMATE AND HYGIENE. 

The connection between climate and disease is treated of 
by Dr. J. Schreiber in a characteristically clear and interest- 
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ing address, in which he takes the advanced position to 
which all recent researches are unmistakably pointing, viz., 
that moisture and temperature and barometric pressure are 
for many diseases, such as consumption, yellow fever, etc., 
not the important factors to be considered by medical men 
in locating sanitariums, but that, on the contrary, these are 
but incidental to the more important question, “Is the air 
of the locality free from injurious organic dusts and germs ?” 
He says, “The term ‘climatic, which we have thus far im- 
agined to refer to some indefinite specific concerning which 
we could give no account, is become exceedingly clear and 
simple; it means, above all, air which is pure, containing no 
miasma, no organic or inorganic mixture, in which, therefore, 
rain or snow occurs” frequently enough to continually keep 
it washed and pure. If meteorologists would contribute to 
our knowledge of the sanitary relations of the atmosphere, 
they must also observe the organic dust floating therein ac- 
cording to the methods that are now well understood by 
microscopists. 

The influence of high altitudes, or rather of diminished at- 
mospheric pressure, upon health, and especially its curative 
influence in diseases of the lungs, has received an increasing 
amount of attention. Comprehensive memoirs upon this 
subject have been published by Denison, of Denver, Col- 
orado, and Gleitsmann, of North Carolina. The volume 
by Dr. Bert on “ Atmospheric Pressure and Animal Life ” 
(Paris, 1876) seems to have turned attention strongly to 
this matter. 

The general influence of climate on consumption was the 
subject of a Lettsomian lecture by C. T. Williams. 

CLIMATE AND GEOLOGY. 

The general relations between the condition of the surface 
of the earth and atmospheric conditions, especially the winds, 
is elaborately treated of by Czerny in “Die Wirkung des 
Windes,” ete., in Petermann’s Geographische Mittheilungen 
Erginzungsheft 48. Most remarkable, however, is the view 
ably defended by Richthofen, that the immense “loess” de- 
posit of China is the result of subaerial denudation. 
From his experiments on the capillarity of soils, Klenze finds 

that with earths of the same degree of comminution the com- 
position is of importance; thus quartz conducts faster than 
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kaolin. With different degrees of comminution, he finds the 
water rises higher in the soil in proportion as the particles 
of soil are finer: fineness is more important than chemical 
constitution. Up toa certain height the capillary elevation 
of water is slower as the soil is finer, but after that the ratio 
is reversed. The water rises more slowly in proportion to 
the number of non-capillary spaces, but it rises higher as 
the non-capillary spaces are fewer. The presence of salts 
in the water retards the capillary conduction in proportion 
to the concentration of the solution. For fine soils there 
seems no limit to the height to which water will eventually 
attain. The capillary action takes place downwards very 
nearly the same as upwards. The capacity of the soil when 
saturated by capillary action increases with the fineness of 
the particles nearly the same in loose as fine soil if only a 
few non-capillary spaces occur, but materially less when 
such spaces are numerous. 

The influence of low pressure upon human life and health 
has been investigated by Mermod. His conclusions are: (1) 
The regular and prolonged sojourn at successively higher and 
higher elevations is accompanied by an acceleration of the 
pulse. (2) The regular and prolonged sojourn at 1100 meters 
above the level of the sea is not accompanied by any accelera- 
tion of the respiratory movements. From these two laws the 
following results can be drawn, and are confirmed by observa- 
tion. (8) The mean fraction 4, representing the ratio between 
the frequency of respiration and the beatings -of the heart, 
always diminishes in proportion as one dwells at stations more 
elevated above the sea-level. (4) The temperature of the 
body does not sensibly diminish by transportation from resi- 
dence at 142 to 1100 meters altitude. (5) Far from finding 
in the weight of the air breathed an increase in proportion as 
we dwell higher, there is rather a diminution. (6) The abso- 
lute and relative quantity of carbonic acid exhaled by the 
Jungs increases by the removal to higher elevations, and that 
with an unchanged rate of respiration and a diminution of 
the weight of the respired air, 

eee 
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GENERAL. 

The activity in Physical Science during 1877 has been 
fully equal to that of any former year. The distinguished 
physicist, Professor Sir William Thomson, in his address as 
president of the Mathematical and Physical Section of the 
British Association at the meeting at Glasgow, September, 
1876, after speaking in laudatory terms of Americans, Amer- 
ican science, and the Centennial, discusses anew the question 
of the solidity of the earth, and gives the results of new cal- 
culations from precession and nutation to prove it, under- 
taken in consequence of suggestions made to him by Pro- 
fessor Newcomb, of Washington. 

Main has claimed—and with justice too, apparently—with 
reference to the discussion in England concerning the mean- 
ing of the word “ force,” that it was used by Newton as the 
English equivalent of the Latin word vis, and not alone of 
vis impressad, aS is maintained by Tait. When Newton 
wrote vis insita, vis motrix, vis gravitatis, vis centrifuga, 
he must have had in mind for each of these their ordi- 
nary English equivalents, in which zs always means force, 
This use of the word is by no means loose and inaccurate ; 
it is rather general and comprehensive. Main closes by 
saying: “Some English mathematicians wish to have this 
valuable word all to themselves for a special technical 
sense; Newton claims no such monopoly, nor is it claimed 
at all by foreign mathematicians, nor conceded by meta- 
physicians; nor is the claim to this monopoly likely to be 
conceded until a better title to it has been shown.” 

Matthey has presented to the French Academy the bar 
of platinum-iridium made for the four-meter standard, to 
the order of the International Geodetic Association. To 
make it, 450 ounces of platinum and 55 of iridium were 
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melted by a jet of coal-gas and oxygen, and cast into an 
ingot. Five ingots thus made were cut into small frag- 
ments by hydraulic pressure, melted together and kept in 
fusion for a long time, and then poured into a single ingot. 
This was forged and rolled into bars, which were then 
fused in rectangular troughs. After forging, the metal ap- 
peared homogeneous, and gave a bar 35 centimeters long, 
7.5 wide, and 2.5 thick, the density of which at 0° was 
21.522. A third was cut off, and the other two thirds 
again forged into a bar 95 centimeters long, 2.5 centim- 
eters wide, and 2 centimeters thick, having a density of 
21.648. This was rolled between polished rolls nearly to 
the dimensions required, 4.1 meters long, 2.1 centimeters 
wide, and 5 millimeters thick, and then finished by passing 
it through a steel draw-plate. During all these rolling op- 
erations it was repeatedly annealed. In some remarks on 
this paper, H. Sainte-Claire Deville gave the results -of his 
analysis of this alloy. He found 89.42 of platinum, 10.22 of 
iridium, 0.16 of rhodium, 0.10 of ruthenium, and 0.06 of iron, 
The density calculated from this composition is 21.51; that 
actually observed by him, 21.515. The third cut off of the 
bar above mentioned has been made by Deville into two 
tubes more than a meter long, closed at both ends, one of 
which has a capacity of more than a liter, designed for the 
determination of boiling-points. Both tubes carry marks 
exactly one meter apart. One of them communicates by 
means of a capillary tube with a Regnault manometer, and 
acts as an air thermometer; the pressure being determined 
by the manometer and the temperature by the elongation 
of the tube, compared with its fellow kept in ice, the expap- 
sion-coefficient being known. 

MECHANICS. 

1. Of Solids. 

In Mechanics, Tschechowitsch has described a universal 
apparatus for illustrating the elementary laws of mechanics 
in class instruction. By its means the parallelogram of 
forces, resolution and composition of forces, the action of 
parallel and of oblique forces, action and reaction, the prin- 
ciples of the lever and of the balance, can be very fully de- 
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monstrated. It does not appear, however, to equal for ele- 
gance of construction or for universality of application the 
similar set of apparatus devised by the late Professor Wil- 
lis, of Cambridge, and known by his name. This latter ap- 
paratus, by the way, deserves to be much more generally 
known in this country. As constructed by the Worcester 
Free Institute, it is invaluable in demonstrating mechanical 
principles. 

Kimball has published an important paper on the varia- 
tion of friction with velocity, in which, curiously enough, he 
harmonizes the statements of Morin and Coulomb, that the 
coefficient of friction does not vary with velocity, with that 
of Bochet, that it decreases as the velocity increases, and of 
Hirn, that it increases as the velocity increases, simply by 
showing that each is true at some given velocity. For very 
low velocities the coefficient is small; it increases at first 
rapidly, then slowly, until at a certain rate of speed it 
reaches a maximum; beyond this point increase of velocity 
decreases friction. The results of the above-named experi- 
menters are explained by showing that Morin and Coulomb 
operated at velocities where the coefficient is near a maxt- 
mum, and so obtained constant results; while Bochet oper- 
ated at high and Hirn at low velocities. Kimball used in 
his measurements sliding friction down an inclined plane, 
sliding friction at uniform velocities on a horizontal plane, 
friction of belts on the surface of cast-iron pulleys, and fric- 
tion of wrought-iron journals in boxes or bearings of dif- 
ferent materials. The practical bearings of his results are 
highly important. 

Sir William Thomson has described in Nature the results 
which he has obtained with his new astronomical clock, de- 
vised in 1869 with a view to improve both the compensa- 
tion for changes of temperature and the form of escapement. 
The latter is a modified Graham’s dead-beat escapement, the 
escapement-wheel consisting of only one tooth, being simply 

a piece of fine steel wire attached to a collar fitting loosely 
upon the shaft, and driven by friction from it, the shaft be- 
ing connected with a suitable train of wheel-work with 
uniform motion, moving a trifle faster than the keeping 

of accurate time requires. To the lower portion of the 

pendulum-bob two pallets are attached, near the end of 
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the escapement-wire, so that at each semi-revolution of the 
shaft the wire, if too fast, will strike the pallet, and be re- 
tarded till the pendulum swings clear of it, the motion of 
the collar being thus governed by the pendulum. In the 
clock in the author’s house, the are of vibration does not 
exceed half a centimeter on each side of the vertical. As 
to the compensation, the zinc and platinum compensation 
at first adopted have been discarded, and mercury and glass 
substituted with the most satisfactory results. 

Higgs has described a simple motor for preserving a 
pendulum in vibration during the course of an experiment. 
The pendulum is suspended through the coil of a Siemens 
galvanoscope, and automatically so breaks and closes the 
circuit that the deflection of the needle attached to the sus- 
pending rod upward or downward keeps up the motion. 

2. Of Liquids. 

Amagat has published in full his memoir on the compres- 
sibility of liquids, in which he especially considers the effect 
of temperature and of pressure upon the coefficient of com- 
pressibility. The apparatus consisted of a hollow iron rec- 
tangular base containing mercury, on the top of which was 
a pump to give the pressure (the piston being worked by a 
screw), a manometer closed at top and surrounded by a cyl- 
inder containing water, and a piezometer, the latter consist- 
ing of a bulb tube to contain the liquid to be examined, the 
open end being inverted and cemented into an opening in 
the iron base, and the bulb extending up into a chamber 
with glass sides, containing water at any desired tempera- 
ture. The results, so far as the question of temperature is 
concerned, are in complete accord with theory, the coefii- 
cients increasing with the temperature. With regard to 
the influence of pressure, the author finds that within wide 
limits of pressure, and quite independently of the variation 
due to temperature, the coefficient always diminishes as the 
pressure increases. Thus for ether at 100°, the coefficient 
from 8 to 14 atmospheres was 0.000560, and at 30 to 36 at- 
mospheres it was 0.000474, while at 13.7° it was 0.000168 
and 0.000152 respectively. 

Millar has made some experiments on the relative density 
of liquid and solid iron. He finds that pieces of pig-iron 



PHYSICS. 95 

placed in melted metal at first sink, but in a few seconds 
rise again and float on the surface. Flat bars of cast iron 
carefully laid on the surface continue to float. <A solid ball 
2? inches in diameter, lowered into the metal by a fine wire, 
disappeared completely at first, but rose in a few seconds 
and floated, with about half an inch diameter of surface ex- 
posed. Since in foundry practice 5; is allowed for linear 
contraction of cast iron, the author believes that the finally 

cooled solid is denser than the molten metal; but as the 
sharpness of iron castings points to an expansion on solidifi- 
cation, he also believes that the contraction in cooling more 
than counterbalances the expansion during solidification. 
This view of the case is fully supported by the experiments 
on floating above described. 

Sire has devised a new form of apparatus for demonstrat- 
ing the hydrostatic paradox of Pascal. It consists as usual 
of three containing vessels, one cylindrical, the other two 
conical, the first with its base upward, the second with the 
base downward; but in the new apparatus the three are 
cemented at bottom into rings, giving their bases absolutely 
the same area. Below these rings are three glass cylinders 
communicating with each other, and filled with mercury. 
On filling the vessels with water, and opening communica- 
tion between them to equalize the level in them all, the 
mercury in all the cylinders below is observed to stand at 
exactly the same height. 

Hasler has proposed a new water meter, the peculiarity of 
which consists in the mode of counting. Upon the axis of 
the revolving drum is a steel bar magnet, which revolves 
close to the partition separating it from the counting wheels. 
Upon the axis of the lowest of these wheels is a second mag- 
netized steel bar, smaller than the former. This is carried 
round by the larger bar solely through its magnetic attrac- 
tion, and so effects the registration. 

Trowbridge has made a series of ingenious experiments 
on vortex-rings in liquids, analogous to the smoke-rings of 
Thomson and Tait. Applying to this case the general equa- 
tions of vortex motion, he draws the conclusion not only 
that all liquids falling upon the free surface of liquids from 
such a height that the surface of the liquid is not too much 
disturbed to enable the drop to be acted upon symmetric- 
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ally by the forces at the free surface will form rings, but 
also that a vortex movement can arise in the process of dif- 
fusion by a variation in density and pressure without the 
aid of initial angular velocities. The apparatus employed 
to produce the rings consists merely of a small glass tube, 
slightly smaller at one end, having a bit of cotton wedged 
in nearer the larger end, over which a piece of rubber tube 
is slipped. The apparatus being filled by means of the 
mouth with liquid, it can be ejected in such a way as to 
form the rings either at or beneath the surface of the liquid. 

De Romilly has made some curious experiments on capil- 
lary action. He finds that if a bell-jar be covered at bot- 
tom with a cotton netting whose meshes are from one-eighth 
to one-twelfth inch in diameter, water drawn up into it will 
remain suspended, a well-pronounced meniscus being ob- 
servable at each mesh. Moreover, although the strength 
of capillary attraction diminishes with the temperature, the 
water in the jar may be boiled by placing a Bunsen burner 
beneath the netting without falling through it. Special ap- 
paratus is needed to maintain the level, which the author 
figures and describes in his original paper. 

De la Grye has studied the changes of form which are 
produced when two liquids of different densities are super- 
posed and rotated with different velocities. If the more 
viscous of the two be uppermost, as in the case of oil and 
water, the oil becomes thinner in the centre, and if a more 
viscous liquid still, as a solution of gutta-percha in benzene, 
be used in place of oil, the appearances presented recall re- 
markably those of sun spots. If, however, the more viscous 
liquid be below, as, for example, oil and alcohol, the upper 
layer becomes thicker in the middle. It would hence ap- 
pear that if the solar spots are formed by centrifugal force, 
the photospheric layer must have more cohesion than the 
gaseous substratum beneath it, and than the overlying chro- 
mosphere. 

3. Of Gases. 

Mendelejeff has made an extended investigation into the 
accuracy of Boyle’s law of gaseous compression, special ap- 
paratus being used for the purpose, in which all possible 
causes of error were eliminated, and which allowed the most 
perfect accuracy of measurement. The experiments were 
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made at pressures varying from 700 to 2200 millimeters. 
The results obtained confirmed the conclusions of Regnault, 
although showing numerical differences in the values ob- 
tained, and proving, for instance, that the deviations of air 
from Boyle’s law are even less than appeared before. But 
the most important result of the researches is that the di- 
vergences from Boyle’s law, shown by the air being negative 
at pressures above the mean atmosphere, as was observed by 
Regnault, proved to be positive (volume decreases slower 
than pressure increases) at pressures below it. We must, 

then, conclude that the air experiences a change o! compress- 
ibility at a certain pressure about the mean of that of the 
atmosphere; and this conclusion is supported by the circum- 
stance that such a change has been also noticed in carbon 
dioxide and sulphurous oxide gases, but at pressures far 
lower than is the case for air. Only for hydrogen does the 
divergence continue positive for all pressures. Altogether 
we must conclude that the deviations from Boyle’s law are 
far more complicated than has been suspected. 

Romilly has communicated to the French Physical So- 
ciety the results of his experiments on the use of a jet for 
aspirating and condensing gases. He finds, Ist, that the jet 
should be placed at a distance from the receiving tube equal 
to about four times the diameter of this latter tube; and 2d, 
that the conical opening of 6° given by Venturi for water is 
the best angle for air also. The first point is proved by find- 
ing that a gasometer is filled in two minutes forty seconds 
when the jet is placed in the interior of the receiving cone, 
in eight seconds when it is withdrawn a little from this cone, 
and in three seconds when it is removed four times the di- 
ameter of the cone. Ifa cone of 8° be substituted for the 
Venturi cone of 6° in the above experiment, sixteen seconds 
is required; and twenty-four seconds is necessary if only an 
opening in the thin walls of the vessel is used. Moreover, 
Romilly finds that the maximum effect is not obtained when 
the jet is central. The point of maximum effect varies with 
the distance between the jet and cone, the locus of these 
points constituting an ellipse. 

Frankland has presented to the Royal Society a paper on 
the transport of solid and liquid particles in sewer gases— 
a subject of great hygienic importance in reference to the 
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zymotic and other germs whose presence is necessary to 
the development of epidemic diseases. In one experiment 
Frankland placed a solution of lithium chloride in a shallow 
basin, acidulated it with hydrochloric acid, and dropped in 
fragments of white marble. The effervescence carried off 
the lithium particles, and colored strongly the flame of a 
Bunsen burner held at the upper end of a paper tube five 
inches in diameter and five feet long, held vertically above 
the basin. <A tin tube three inches wide and twelve feet 
long was placed above this, and the burner held over it, with 
the same result. The paper tube was then lengthened to 
nine and a half feet, and the amount of lithium present in 
the current seemed to be quite as great as before. The au- 
thor concludes, 1st, that fresh sewage, through a properly 
constructed sewer, is not likely to be attended by the sus- 
pension of zymotic matters in the air of the sewer; 2d, that 
if the sewage be allowed to stagnate, the evolution of gas 
results, and the breaking of gas bubbles on the surface pro- 
jects liquid particles into the air, and is a potent cause of 
the suspension of zymotic particles in the air of the sew- 
er; and, 3d, that it is of the greatest importance that foul 
liquids should pass freely and quickly through sewers and 
drain-pipes. 

Stoney has called attention to the erroneous conception 
ordinarily entertained of a vacuum. He assumes as prob- 
able that in a cubic millimeter of any gas at the ordinary 
temperature and pressure there is a “unit-eighteen” of 
molecules (1,000,000,000,000,000,000), and consequently as- 
serts that in every cubic millimeter of the best vacuums 
of our air-pumps there remains a “ unit-fifteen” of mole- 
cules (1,000,000,000,000,000). Even in the so-called Spren- 
gel vacuum, as indicated by one-tenth of a millimeter of 
mercury on the gauge, there is a “unit-fourteen” of mole- 
cules (100,000,000,000,000), one hundred million million, in 
every cubic millimeter. 
Wagner has modified his form of apparatus for determin- 

ing the densities of gases by their times of effusion through 
minute openings in metal plates. In place of a straight cyl- 
inder, closed at top by the plate and open at bottom, which 
was plunged into a cylinder of water or mercury, he now 
uses a long U tube, closed at one extremity by the perfo- 
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rated plate, and below which is a three-way cock with a 
lateral tubulure, through which the gas is introduced. Two 
marks on the tube are the points between which the effusion 
time is noted, the gas being forced out through the plate by 
a water or mercury column in the open leg of the tube. The 
results obtained with the instrument were accurate for coal- 
gas and oxygen, but varied widely for hydrogen. 

Kraevitsch has proposed an improvement in the construc- 
tion of the barometer which increases indefinitely the sensi- 
bility of this instrument. To the shorter leg of a siphon 
barometer is attached a long horizontal capillary tube ter- 
minating in an open cylinder, the space above the mercury 
and the capillary tube being filled with water free of air. 
Obviously, if the barometer rises or falls, a quantity of wa- 
ter is displaced by the mercury equal to the volume repre- 
senting the change in height. If now a bubble of air be in- 
troduced into the capillary tube, it will be displaced by an 
amount equal to the change in the barometric height, multi- 
plied by the ratio of the two sections—in Kraevitsch’s in- 
strument by 140; thus rendering it extraordinarily delicate. 
The bubble when observed by a microscope of low power 
is rarely in repose. 

An extended posthumous paper upon the constants of 
aneroid barometers and upon those aneroids which have 
scales attached for measuring heights, by Professor Jelinek, 
of Vienna, has appeared. It contains a complete résumé of 
previous results obtained by various observers. 

ACOUSTICS. 

Lord Rayleigh has experimented to ascertain the maxi- 
mum limit of the amplitude of sound-waves, using for this 
purpose a whistle mounted on a Wolfe’s bottle, furnished 
with a manometer. It was found that the most suitable 
pressure was 94 centimeters of water, and that under these 
conditions the sound could be distinctly heard at 820 me- 
ters’ distance. The amount of air passing through the 
whistle was found to be 196 cubic centimeters per second. 
From these data the required amplitude may be readily 
calculated. The result shows that the amplitude of vi- 
bration of the aerial particles was less than the ten-mill- 
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ionth of a centimeter. Indeed, the author is inclined to 
think that, on a still night, a sound of this pitch (4), whose 
amplitude is only a hundred-millionth of a centimeter, would 
still be audible. 

Mach has devised an apparatus for studying the sonorous 
waves produced by an explosion. The ball from a pistol 
perforates two disks of paper which close the ends of a long 
box, the walls of which are formed of glass smoked with 
lamp-black. The aerial waves produced by the two suc- 
cessive ruptures of the paper produce on the glass inter- 
ference bands, by which the velocity of the ball may be 
calculated. The results are always lower than those given 
by the ballistic pendulum, and are brought into accord 
with these only by assigning 500 meters per second as the 
velocity of sound. It thus appears that the velocity with 
which sound travels increases with the suddenness of its 
production. 

Mercadier has further studied the laws of the vibrations 
of tuning-forks, considering especially their isochronism with 
varying amplitudes. Three methods were used: in the first, 
the amplitude was maintained constant during each experi- 
ment, but was lessened from one experiment to another, the 
vibrations being recorded on a rotating cylinder; in the sec- 
ond, a large amplitude of vibration was given and then suf- 
fered to die out, the vibrations per second at various times 
being noted; in the third, a Lissajous curve was inspected 
as the amplitude of the fork lessened. The author con- 
cludes, 1st, that the duration of the vibration period of forks 
varies with the amplitude and in the same direction; 2d, 
that this variation, even for amplitudes as great as one cen- 
timeter, is small, affecting only the second decimal place; 
and, 3d, that if a certain limit, say four millimeters, be not 
surpassed, the duration of the period may be regarded as 
constant. 

The same physicist has published a description of a new 
form of apparatus for showing optically the resultants of 
the combination of two rectangular vibrations, by means 
of which any desired difference of period and of phase can 
be obtained and maintained. The apparatus consists of a 
heavy fork vibrating by means of an electro-magnet, and 
having heavy sliders so as to vary the rate an entire oc- 
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tave. A small movable weight upon one leg, which can 
be adjusted while the fork is vibrating, and a mirror on 
the other, complete the apparatus. A second fork, without 
adjustment, but having a mirror and an electro-magnet, acts 
conjointly with the first one to produce the curves. 
Decharme has investigated the pitch which bars of various 

metals and alloys of exactly the same size yield when vi- 
brated transversely. The rods were twenty centimeters long 
and one centimeter in diameter, and they were supported at 
their nodal point, 7. ¢., four centimeters from the ends, upon 
prisms of cork, and struck with a wooden hammer covered 
with India-rubber. The pitch varied widely: lead gave 
only 690 single vibrations per second; while gold gave 970; 
silver, 1034.6; tin, 1161.3; zinc, 1422; copper, 1642.35; cast 
iron, 1843.6; wrought iron, 2192.2; steel, 2322.65; and alu- 
minum, 2762. There is thus an interval of two octaves from 
lead to aluminum. From the data thus given the author 
calculates the coefficients of elasticity of these metals, which 
agree very well with those obtained by Wertheim. 

Lootens has studied the phenomenon of air-motion in or- 
gan-pipes. By means of little pith propellers he has shown 
the existence in the pipe of cyclonic currents rising on one 
side of the pipe and falling on the other, the air producing 
them being that portion of the current which enters the 
pipe. Ifthe pipe does not speak, this portion mixes with 
the other portion of the air by which the pipe is blown; 
but if it does speak, this cyclonic current does not mix with 
the other one, but takes a direction on issuing notably more 
inclined. These results being directly connected with the 
vibration of the walls of the pipe, the author concludes that 
this intermittent current, whose vibrations are determined 
by the walls of the pipe, acts the part of the perforated plate 
of a siren. 

Ridout has described a simple burner for obtaining a very 
sensitive flame at feeble gas pressures. A tube five inches 
long and five-eighths inch wide is closed at one end by a 
perforated cork, through which slides a piece of tube one- 
eighth inch wide and six inches long, having the inner end 
drawn to a jet one-sixteenth inch wide. The inner tube is 
pushed up, the gas issuing from it lighted, and the tube 
slowly drawn down. <A long steady flame is obtained which 
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is quite sensitive. By arranging two such jets, and connect- 
ing the gas-tubes with a horizontal tube in which is a drop 
of water, any difference of pressure is readily shown; light- 
ing one jet causes motion towards the other side, as also 
does shortening the flame by noise. 

Barrett has given in ature a description of a flame ex- 
tremely sensitive to entirely inaudible sounds. The flame 
came from an ordinary steatite burner, having an aperture 
of 0.04 inch in diameter, the gas being under a pressure of 
ten inches of water. This flame, which was two feet high, 
fell fully sixteen inches at every inaudible puff of a Galton 
whistle, and this even at the distance of fifty feet from the 
instrument. 
A beautiful acoustic experiment by Tylor has been de- 

scribed in Nature, in which atmospheric vibrations are re- 
ceived on a soap film instead of a membrane. The end of a 
lamp-chimney is dipped into the ordinary bubble solution, 
and a film is formed over the opening. On singing near the 
open end, the series of forms belonging to the various notes 
become plainly visible in the film, and on reflecting the cal- 
cium light to a screen by the film, the figures come out on 
the screen with great beauty. Ifthe solution be thin, the 
film is almost devoid of color; but if thick, a gorgeous 
scenic effect is produced by the masses of prismatic color 
whirled hither and thither by the musical vibrations. 

Jeannel has observed that the radiometer is influenced by 
sound vibrations. In a dim light, when three radiometers 
were placed on the sounding-board of a parlor organ, all 
moved, two in the direction produced by light, the other in 
the opposite. He explains the result by the transmission of 
the vibrations mechanically to the vanes. 

HEAT. 

1. Thermometry. 

Hervé Mangon has contrived a new registering thermom- 
eter of extreme sensibility and delicacy. <A capillary tube 
containing mercury is bent to a narrow rectangle at one 
end, and is drawn out to a fine point at the other. This 
thermometer is inverted, and the point dips into a small dish 
of mercury on the scale-pan of a delicate balance. On the 
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other scale-pan is a vessel containing glycerin. This appa- 
ratus is placed at the point where the temperature is to be 
determined, the glycerin-cup being connected by a siphon 
and tube with the distant registering apparatus, and the 
beam being electrically connected with it. This apparatus 
is simply a differential wheel-work actuated by an electro- 
magnet, which causes a carriage carrying a pencil to traverse 
horizontally a prepared paper. Should the temperature rise, 
mercury would flow into the cup, cause the balance to de- 
scend on that side, make electric contact cause the wheel- 
work to move in one direction, carrying the pencil with it. 
At the same time the glycerin surface would be raised, and 
the liquid would flow through the tube into the reservoir, 
and lift a float. But the action of the clock-work at the 
same time depresses this float, raising the level of the liquid, 
causing it to flow back to the balance again, and thus to 
restore the equilibrium. 

An Italian optician in Paris, says Vature, has constructed 
a very sensitive metallic thermometer on a new principle. 
The dilations of a small sheet of platinized silver are ampli- 
fied by means of a system of levers, and the motion is com- 
municated to a needle on a dial on which degrees are mark- 
ed. The motion of the needle is almost instantaneous. 

Fawcett has suggested a ready means of obviating the 
deposition of moisture which often takes place in the interior 
of minimum thermometers exposed on the grass. <A piece 
of cork, about a quarter of an inch long, is cut so as to fit 
tightly around the neck of the thermometer tube, and then 
this tube with the cork packing is inserted into the glass 
case. The exposed end of the cork is covered with two 
or three coats of asphalt varnish, and when this is dry 
the protection is complete. 

2. Expansion. 

Reusch has described a simple form of apparatus for meas- 
uring coefficients of expansion as a lecture experiment or for 
students’ use. Upon a horizontal axis, capable of rotation, a 
mirror is fixed at one end, while near the middle, but out of 
line with the axis of rotation, is an abutting screw, against 
which one end of the bar to be measured presses, the other 
end being supported by a similar screw in the base of the 
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apparatus. Any increase of length in the bar will rotate 
the axis and the mirror, and so may be observed and com- 
puted in the usual way. The bar to be measured is sur- 
rounded by a tank with glass sides, which may be filled 
with liquids at different temperatures. The price of the 
apparatus is only fifty marks. 

Maskelyne has called attention to the similarity between 
the pitted surface of meteorites and that of the unburned 
fragments of coarse-grained gunpowder which fall at some 
distance from the muzzle of a large piece of ordnance. He 
expresses the opinion that the “ pitting” is due to the sort 
of splintering effect of enormous heat suddenly applied, which 
results from the difference in the mechanical facility with 
which the sudden heat penetrates the mass at different 
points on its surface, melting out and dissipating in the air 
the material at those points, partly as a consequence of 
greater conductivity and partly of great fusibility. 

Hartley has presented to the Royal Society a paper on the 
constant vibration of the minute bubbles which are found 
frequently in mineral cavities. In one case a cavity in 
quartz became two thirds filled with liquid at 3.5° C., the 
gas bubble occupying the remaining space, and having a 
trembling motion. As the cooling went on, the bubble de- 
creased in size, and the motion became more and more rapid, 
until it finally moved across the cavity. He attributes the 
motion to the thermal changes which are taking place even 
within the crystal itself. 

3. Change of State. 

Gernez has studied the conditions under which the pris- 
matic and the octahedral forms of sulphur are produced, and 
finds that when liquid and in the condition of surfusion at a 
temperature below 113° C., octahedral crystals are developed 
by a fragment of a crystal of this form, while prismatic crys- 
tals may be grown from the same surfused mass by contact 
of a piece of prismatic sulphur. 

Beckerhinn has confirmed the conclusion long ago reached 
by practical experience by Mowbray, that congealed crystal- 
lized nitroglycerin is far less sensitive to shocks and blows 
than the liquid substance. He used in his experiments a fall- 
machine having a block of wrought iron of 2.13 kilograms 
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weight, at the lower end of which was a hardened steel point 
7.068 square millimeters in area. <A flat anvil of Bessemer 
steel was employed as a support for the nitroglycerin, which 
was placed on it in a thin layer, and the weight dropped on 
it from different heights. The mean height of fall necessary 
to cause explosion of the liquid was 0.78 meter, whereas the 
frozen nitroglycerin did not explode till a height of 2.13 me- 
ters was reached. The author has also determined some of 
the constants of the solid substance. The heat of fusion was 
found to be 33.54 units as a mean of three experiments. 
The density was found to be 1.735 at 10° C.—a temperature 
near its melting-point. The density of the liquid being 1.599, 
it follows that, in crystallizing, nitroglycerin contracts about 
27 of its original volume. 

Wilson has proposed a simple mode of showing convection 
currents in liquids. A glass cell with flat sides has a brass 
tube in a depression in the bottom, which communicates with 
a steam supply. The tube is surrounded with a jelly con- 
taining aniline red, which is insoluble in cold water. On 
filling the cell with water, and blowing steam through the 
tube, the jelly dissolves, and colored currents stream up from 
below. 

Guthrie has made a series of experiments to determine the 
effect of a crystalloid on a colloid when in the presence of 
water. ‘T'wo or three lumps of rock-salt were added to a 
jelly of size, and the whole was hermetically sealed in a 
glass tube. The colloid parted with its water readily, a sat- 
urated solution of the salt was obtained, and the size became 
perfectly white and opaque, having undergone a structural 
change. Experiments were also made in which a more hy- 
grometric salt, calcium chloride, was employed. The author 
thinks that it might be possible to fix the existence of a 
point at which the jelly does not give up its water to the 
hygrometric substance, and points out the analogy between 
a jelly and a mass of small bags filled with liquid. 

The same author has also observed the curious fact that 
while a crystal of alum or a saturated solution of salt, when 
introduced into the Torricellian vacuum, depresses the mer- 
curial column to a less extent than water, a solution of size, 
gum-arabic, or of any colloid depresses it to precisely the 
same extent. Hence water has different vapor densities in 
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its different states of combination, which the author is now 
engaged in measuring. 

Hesehus has applied the electric current to the study of 
the spheroidal state of liquids. He finds (1) that this cur- 
rent is generally completely interrupted between the incan- 
descent metal and the liquid spheroid, and that when it is 
not, this is due either to the fact that the liquid is in motion, 
and thus establishes momentary contacts, or that, the tem- 
perature of the metal being low, the drop is ready to burst; 
(2) that the interval separating the two—estimated by the 
galvanic deposition of copper—is about one tenth of a mil- 
limeter, though it increases with the temperature; and (3) 
that the temperature of the liquid, as measured by a thermo- 
pile, does not vary much from 96° to 97° C, 

Bruhns has given a description of a new psychrometer and 
barometer devised by Bogen, of Chili. The former is a 
modification of Regnault’s instrument, only instead of using 
the evaporation of ether to cool the bulb, the solution of 
ammonium nitrate in water is made use of. The peculiarity 
of the barometer consists in the method of filling, which is 
said to be very simple. It is the subject of a patent. 

Garnett has described the method pursued in the Caven- 
dish Laboratory, Cambridge, of exhibiting the phenomena 
of the passage of a gas through its critical point upon a 
screen in presence of a class. Dr. Andrews’s apparatus was 
used, the image of the tube containing the carbon dioxide 
béing projected on the screen with the calcium light, a mi- 
croscopic objective enlarging it about 120 diameters. 

Plank has determined the conducting power for heat of 
several gases. Calling that of air 1, that of nitrogen is 0.993; 
that of nitrogen dioxide, 0.951; that of ammonia, 0.917; and 
that of illuminating gas, 2.670. 
Wiedemann has communicated an elaborate memoir on 

the specific heats of gases, one object of the research being 
to obtain as exact results as those of Regnault with less 
complicated and costly apparatus. Sesides air, the gases 
examined were hydrogen, carbonic oxide, carbonic acid, 
ethylene, nitrous oxide, and ammonia. The specific heats 
correspond closely with Regnault’s, though much more ex- 
peditiously obtained. 

oe heen til 



PHYSICS. 107 

4. Radiation. 

Crova has communicated a memoir on the measurement 
of the calorific intensity of solar radiations, and their absorp- 
tion by the terrestrial atmosphere. The instruments used 
were an actinometer of his own construction and a pyrheli- 
ometer modified from that of Pouillet. He has observed an 
annual variation of the intensity of solar radiation analogous 
to the daily one, this intensity increasing rapidly from Janu- 
ary to May, when it attains its maximum. He has observed 
no relation between the values of this intensity and those 
expressing the hygrometric state of the air. 

Crova has subsequently described the actinometer which 
he used to measure the calorific intensity of the solar radi- 
ations and to determine their absorption by the terrestrial 
atmosphere. It consists essentially of a large alcohol ther- 
mometer, suitably incased, the bulb of which is exposed to 
the direct rays of the sun. Observations carried on daily 
and hourly enable the author to trace the curve representing 
the calories received by each square centimeter per minute. 
The differences observed in different hours of the day and 
days of the year enable the calorific intensity to be calcu- 
lated as a function of the thickness of the atmosphere trav- 
ersed, and to calculate an approximate value for the solar 
constant. Between 80 and 94 per cent. of the solar radi- 
ations traverse unit thickness of the atmosphere. 
Haga has reopened the question of the absorbing power 

for radiant heat by aqueous vapor, and shows by his experi- 
ments that when columns of dry and moist air are allowed 
to ascend in front of a thermo-pile arranged differentially 
the effects are due to two causes: first, to the direct radi- 
ation of the air column, which has been cooled by passing it 
over moist pumice, or warmed by drying; and, second, to the 
evaporation from the face of the pile caused by the dry air 
which cools the pile, or to the condensation of moisture upon 
the face by the moist air which warms it. These two causes 
act in opposite directions; the second is the greater, and is 
temporary. 

Aymonnet has made at the Sorbonne, under the direction 
of Desains, an examination of heat spectra, (1) to determine 
the distribution of the heat in the calorific spectrum pro- 
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duced by a Bourbouze lamp with a refracting system of 
flint-glass, (2) to study the variations of this spectrum with 
the temperature of the source, and (3) to observe also the 
absorption spectra of various bodies and their variations 
with the temperature of the source. Among other impor- 
tant facts observed, these experiments appear to prove finally 
& variation in the distribution of heat in the spectrum with 
the temperature, and also to show that flint-glass becomes 
less diathermanous as the temperature falls. 
Aymonnet has also examined the specific absorbing power 

of bodies for radiant heat, using a thermo-pile and prism, the 
solution to be examined being placed between them. From 
his results he concludes that the atomic absorbing power 
appears to be constant, first, for all elementary bodies dis- 
solved in the same menstruum, and, second, for all these bod- 
ies when existing in compounds of analogous chemical con- 
stitution. 

The same author has studied calorific spectra by a mod- 
ification of the ordinary method. He concludes that heat 
spectra contain easily recognized minima, that these minima 
are periodic, that they change their position when the source 
of heat is varied, that these variations are also produced by 
absorption, and that by these absorption changes much light 
is thrown upon the mechanism of solution. 

The radiometer continues to be the subject of extensive 
experimentation. Among the papers which have appeared 
upon it, one of the most noteworthy, perhaps, is that of Mr. 
Crookes, in ature, in which he says: “ The results I have ob- 
tained seem to show conclusively that the true explanation 
of the action of the radiometer is given by Mr. Johnstone 
Stoney, according to which the repulsion is due to the inter- 
nal movements of the molecules of the residual gas.” He 
gives a number of highly interesting experiments with this 
instrument. Alvergniat seems to have made an experimen- 
tunr crucis with the radiometer. By making the vanes of 
aluminum and silver, and by maintaining the globe during 
exhaustion at 400° C. in the vapor of sulphur, he obtained a 
vacuum so perfect that there was no rotation. On admitting 
a trace of air, however, rotation recommenced. Salet has 
modified the instrument in a very simple way in order to 
show the correctness of the molecular bombardment theory. 
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The vanes are fastened immovably to the glass support, and 
near them moves a disk of mica suspended from its centre. 
Exposed to light, the disk is caused to rotate rapidly by the 
molecules projected from the black surface. 

Garbe has discussed the radiometer from the standpoint 
of theory, assuming that in this case the sum of the moments 
of different points relatively to a given axis is constant. 
From this three conclusions follow: Ist, the containing en- 
velope being free to move, and the vanes starting from rest, 
when equilibrium is attained the rotations of the two will be 
in opposite directions with a velocity inversely as their mo- 
ments of inertia; 2d, the vanes having a certain initial ve- 
locity, if the apparatus be left free, either (a) the globe will 
revolve in the opposite direction (in case the vanes revolve 
more rapidly), (2) it will remain stationary (in case the veloc- 
ity of the vanes remains constant), or (¢) it will revolve in 
the same direction (in case this velocity lessens) ; 3d, the ap- 
paratus being inverted and its parts thus becoming fixed, 
the action and reaction are equal, and no motion takes place 
under any conditions. 

In a paper read to the Royal Society, Stoney has discussed 
the method by which heat is transferred across the vacuous 
spaces in Crookes’s radiometers. He considered the laws un- 
der which this transfer of heat takes place, and showed that 
they are different from the already known laws of radiation, 
convection, conduction, and contact. Hence he suggests that 
this newly discovered mode of conveying heat should be eall- 
ed penetration. Numerous observations made more than thir- 
ty years ago by De la Provostaye and Desains, but not then 
understood, as well as more recent ones of Dulong and Petit, 
and of Grove, are readily interpreted by means of these new- 
ly discovered laws of heat. 

Stoney and Moss have experimented to determine the rela- 
tion of the force which moves the radiometer—and which they 
call “Crookes’s force” — to the tension of the residual gas, 
and the influence of variations in the distance between the 
reacting surfaces. They find that with a residual tension of 
five millimeters there is a reaction through a space of at least 
ten millimeters; that at distances of twenty to eighty mil- 
limeters the force seemed to vary inversely as the tension ; 
and that it appeared to be nearly independent of the dis- 
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tance when the tension exceeded twenty millimeters. They 
observed, moreover, sensible deviation from the law of in- 
verse squares at most of the tensions. 

Rood has described some very ingenious experiments on 
the radiometer, which show most conclusively that the theo- 
ry which supposes the motion to be due to a reaction be- 
tween the blackened surface of the vanes and the containing 
envelope is the true one. A two-vane mill with blackened 
surfaces of aluminum, and carrying a small magnet, was pre- 
pared, and before one of these surfaces was placed a screen 
of mica, also attached to the suspending wire. The whole 
was placed in a flask, which was exhausted to 0.25 millime- 
ter. Light falling upon the unprotected vane alone, caused 
a deflection of 3.23°; upon the protected, 0.10°. When it fell 
on both there was a deflection of 2.38° in favor of the unpro- 
tected disk—thus proving that when reaction is prevented 
between the walls and the vanes no revolution takes place. 
The author also devised an experiment for measuring this re- 
pulsion. Experiments were also made showing that motion 
under atmospheric pressure is due to currents. 

Volpicelli has also given the results of some radiometric 
experiments. He finds, for example, that a freezing mixture 
applied to the upper half of the globe causes a rotation with 
the non-blackened face foremost, as when radiant heat is 
used ; but when applied to the lower half, the rotation takes 
place in the inverse direction, the blackened faces being in 
advance. In the latter case, radiant heat brings the mill to 
rest. The whole globe being plunged in a hot liquid or in 
a freezing mixture, there is no motion. 

Crookes has given the name Otheoscope to a form of the 
radiometer in which, regarding the blackened surfaces of the 
vanes as the heater and the glass the cooler, and deducing 
from theoretical considerations that the latter rather than 
the former should be the moving body, a blackened fixed sur- 
face is so arranged that the stream of molecules driven from 

it shall impinge upon the transparent vanes and drive them 
round. In this instrument, unlike the radiometer, the glass 
envelope plays no part other than a preserver of the rare- 
faction. At the Royal Society’s May soirée six otheoscopes 
of different forms and thirteen new radiometers were exhib- 
ited, 
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LIGHT. 

1. Reflection. 

Govi has proposed the use of thin layers of gold-leaf for 
obtaining good transmitting and reflecting surfaces in op- 
tical experiments. If upon the oblique face ofa right-angled 
isosceles prism a very thin layer of gold be deposited by 
means of an alkaline solution of gold chloride and aldehyde, 
and then the prism be cemented by Canada balsam to a see- 
ond and similar prism, a cube is obtained containing in its 
interior a surface of gold inclined at 45° to two opposite sur- 
faces. By means of such a cube two images are seen—one 
by light transmitted through the film, which is of a pale 
green color; the other by light reflected from the film, and 
which is yellow. The cube thus becomes of excellent service 
as a camera lucida, etc. Govi proposes to place such a cube 
on the front of the telescope of a cathetometer, and then to 
compare directly the object to be measured with the equally 
distant scale by means of the direct image of the one and 
the reflected image of the other. 

Wright has continued his researches on the volatilization 
of metals by the electric spark in vacuo, and has successful- 
ly applied the method to the production of mirrors. The glass 
to be metalized is placed in an exhausted globe, and a show- 
er of sparks rained upon it from the negative electrode made 
of the metal to be used until the deposit was sufficiently 
thick. Platinum appears to be the best metal for specula, 
a perfect coat being deposited on a plate two centimeters 
in diameter in twenty to nia ty minutes, the vacuum for the 
purpose being from 1.5 to 1.75 millimeters, and made on hy- 
drogen. This layer was found to be 0.000174 millimeter 
thick, or one fourth of the length of a wave of red light. The 
author thinks this process may be brought into general use 
in the arts, the polish of the metallic surface being exquisite, 
far sur passing that obtained artificially. 

Miller has described a new form of Wollaston’s reflecting 
goniometer, which appears to him to have numerous adyan- 
tages. There is nothing new in the leading principle in- 
volved in the instrument, the changes being mainly in the 
mechanical construction. 
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2. Refraction. 

Mascart has made a research upon the refractive power 
of gases. A beam of light was sent through a collimator to 

two plates of plate-glass connected together at right angles ; 
the halves of the beam were bent right and left by refrac- 
tion through the glass, then passed parallel throngh two 
copper tubes containing the gases, and after refraction by a 
second system of glass plates placed in reverse directions, 
the halves were united again, and the beam passed through 
a slit to a system of prisms, then to a telescope. Ifthe press- 
ure in one of the copper tubes varied, the phases of the two 
parts of the beam became different, and from the number of 
fringes displaced the refraction of the gas could be deter- 
mined. The influence of pressure was examined, then the 
refractive power for different wave-lengths, then the influ- 
ence of temperature, and from these data the absolute re- 
fractive power was deduced. The figures obtained range 
from 0.1387 for hydrogen and 0.2706 for oxygen to 0.7036 
for sulphurous oxide and 0.8216 for cyanogen. The refraction 
of a mixture is the sum of the refractions of its components ; 
but that of a compound gas is in general greater than that 
of a mixture. 

De Waha has proposed a new and simple mode of measur- 
ing the index of refraction of liquids. In a rectangular glass 
tank a piece of silvered glass is supported at any convenient 
angle to one side, this side being also silvered to one half 
its height. The tank being placed in the centre of a divided 
circle, a beam of light from a narrow slit is allowed to fall 
horizontally upon the side of the tank and normal to it, and 
then upon the piece of silvered glass, the circle being turned 
until this ray is also normal. The angle read off on the cir- 
cle is the angle of the prism. The liquid to be examined is 
then poured into the tank, and the beam of light is so adjust- 
ed that its incidence in the liquid upon the silvered glass 
surface is normal. In this condition of things, the angle of 
refraction is the angle of the prism. Measuring then direct- 
ly the angle of incidence, and dividing its sine by that of the 
angle of the prism, the refractive index is obtained. 

Govi has suggested a mode of varying the focus of a mi- 
croscope without touching the instrument or the object, and 

el 
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without altering the direction of the line of vision. This is 
effected by interposing between the object and the objective 
a glass tank with plane parallel top and bottom, in which 
some liquid is placed. The height of the surface is varied 
by means of a suitable plunger. 

Gariel has modified the ordinary projection instrument 
known as the phenakisticope, removing the disk which car- 
ries the figures, and doubling the number of lenses in order 
to give more light on the screen. Placing now a fixed ob- 
ject in the apparatus, as a round opening in a screen, for ex- 
ample, its image may be made to persist by sufticiently rapid 
rotation. Using two openings of different colors, their re- 
sultant may be shown. With a prism, the spectrum given 
when the apparatus is at rest becomes white when in mo- 
tion. The apparatus shows the manometric flames very 
well. 
Terquem has given the composition of a varnish which 

may be spread on glass without injuring its transparency, 
but which will enable it to take ordinary drawing-ink, so 
that various devices for the lantern may be drawn upon it. 
The varnish in question is composed of alcohol, 100 cubic 
centimeters; mastic, 7 grams; sandarac, 3 grams, It has 
been the practice for some years in this country to prepare 
plates for receiving India-ink by flowing them with a dilute 
solution of gelatin, one ounce to the pint of water. Very 
fine drawings can be made on it, and it is easily removed by 
water. 

5. Dispersion. 

Becquerel has examined carefully the ultra-red portions 
of the spectrum, using the principle of phosphorescence for 
the observation of this region. 

Campbell has devised a double slit which he has used 
with good results for measuring the distances between the 
lines in the spectrum, and which he finds of great service in 
cases where the illumination is so slight as to prevent the 
use of the micrometer. One slit is above the other, the up- 
per one being movable at right angles to its length by a 
micrometer screw of 200 threads to the inch, the graduated 
head of which is capable of indicating one five-millionth of 
an inch in the motion of the slit. If now a reading of the 
micrometer be taken when the slits are superposed and form 
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one continuous line, and a second reading when any given 
line has been superposed upon any other line at a moderate 
distance from it, the difference between these readings will 
enable us at once to ascertain the distance between the lines, 
if the micrometer be calibrated in terms of the spectrum as 
seen in the observing telescope. 

Thalén has published the results of a joint investigation 
made by Angstrém and himself (but not published till after 
the former’s death) upon the spectra of the metalloids, an 
excellent abstract of which by Schuster appears in WVature. 
They believe it extremely improbable that any lines present 
in a spectrum at a lower can disappear at a higher tempera- 
ture. The electric spark and the actions it may cause are 
carefully studied, and applied to elucidate the carbon spec- 
trum. 

Boisbaudran has given, in a plate illustrating an extended 
paper on gallium, an excellent representation of the spec- 
trum of this metal, together with all the other elemental 
lines which are found in the same vicinity. 

Cleyden and Heycock have discovered the significant fact 
that the spectrum of indium, which is obtained by taking 
the electric spark between electrodes made of that metal, is 
quite different from that ordinarily given. Instead of three 
lines only, they found sixteen under the above circumstances. 
The lines usually figured are two in the indigo and one in 
the violet; they have wave-lengths, as given by Thalén, of 
4532, 4509, and 4101 tenth-meters; the authors believe that 
the middle one should be 4510. The new lines have wave- 
lengths as follows: 6906, 6193, 6114, 6095, 5922, 5905, 5862, 
5820, 5722, 5644, 5250, 4680, 4656, 4638, 4510, and 4101 
tenth-meters. The first line is remarkable, since potassium, 
strontium, and antimony only give less refrangible lines. 

Henry Draper has discovered the remarkable fact that 
oxygen exists in the sun, and that it and probably also the 
other metalloids show their presence in the sun-spectrum by 
bright instead of dark lines. By means of photography he 
has produced upon a single plate the solar spectrum from 
just above G to below H, and the spectrum of air ignited 
by a powerful spark between iron and aluminum terminals. 
Since the lines of iron in the latter spectrum coincide exactly 
with known iron lines in that of the sun, the non-shifting of 
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the plate is proved. The oxygen lines in the air spectrum, 
to the number of a dozen or more, coincide accurately with 
bright solar lines, every peculiarity in the shading or group- 
ing of the one being reproduced in the other. ‘The demon- 
stration is complete, and will materially modify existing 
views as to the solar constitution. The discovery is the 
most important made in solar physics since that of Kirch- 
hoff in 1860. 
Young has made careful measurements of certain lines in 

the solar spectrum, observed alternately upon the eastern 
and western limbs of the sun, with a view to test the ques- 
tion of the effect of the motion of a luminous body upon the 
wave-length of the light which it emits. Using spectra of 
the sixth and eighth orders produced by a Rutherfurd grat- 
ing of 8640 lines, the overlapping spectra being separated 
from each other by a glass prism of 45° placed between the 
erating and the object-glass, with its refracting edge perpen- 
dicular to the lines, the author succeeded in observing a dif- 
ference in the position of the two D lines on the two edges, 
which, admitting Doppler’s theory, would give a velocity of 
1.42 miles per second for a point on the sun’s surface. As 
direct observation gives but 1.25, Young inclines to the sup- 
position that this difference proves that the solar atmosphere 
really sweeps forward over the underlying surface. Careful 
measurement of a line in the B group, which is due to at- 
mospheric absorption, gave no displacement, as was to be 
expected. 

Duboscq has contrived some simple and novel optical pro- 
jection experiments. By means of a lens, the image of a 
small round hole is thrown on a screen; between the lens 
and the screen an Amici direct-vision prism is placed, capa- 
ble of rotation about its axis. On rotating, the spectrum is 
circular—red within, violet without. Using polarized light 
and a double-image rotating prism, the extraordinary image 
describes around the ordinary as a centre a luminous ring, 
crossed by a black line parallel to the plane of polarization. 
The experiment may be varied by interposing a plate of 
quartz. 

Egoroff has described a differential electro -actinometer 
devised in order to determine the coefficients of absorption 
of the ultra-violet rays by different bodies. For this pur- 
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pose he uses two Becquerel actinometers, one opposed to the 
other. The strength of the current produced appears to be 
in exact proportion to the intensity of the light. 

Bezold has contrived a convenient method for comparing 
pigment colors with spectrum colors. It consists simply in 
replacing the scale of an ordinary spectroscope by a vertical 
slit a millimeter wide, before which the color to be studied 
is placed. The eye sees then the spectrum color by refrac- 
tion and the pigment color by reflection, and by a movement 
of either slit the two colors may be brought into exact coin- 
cidence. 

Hohngren, at the request of the direction of the Swedish 
railway between Upsala and Gefle, has examined the entire 
staff of officials with reference to color-blindness. Out ot 
the 266 persons examined, no fewer than eighteen were found 
who could not distinguish color, and were therefore utterly 
useless and unfit for railway service, An investigation of 
this sort on some of the leading American railways would 
undoubtedly be of service. 
Thompson has submitted to the test of experiment the 

common impression that objects appear brighter when seen 
with two eyes than with one, using an ingenious apparatus 
by which two beams of light (one polarized, the other unpo- 
larized) give to two Nicol prisms, one in front of each eye, 
the same quantity of light. It appears from these experi- 
ments that light is more powerful in producing an effect 
when concentrated upon one eye than when equally distrib- 
uted to the two; but the light so concentrated on one eye 
does not produce the sensation of twice as much illumina- 
tion as the half of the light viewed by both eyes at once. 

tood has called attention to and confirmed an observation 
made by Tait which bears on Young’s subjective color the- 
ory. Tait observed that on awaking from a feverish sleep a 
lamp flame assumed a red color, lasting for a second. Rood 
first noticed the same result twenty years ago, in Munich, on 
recovering from anesthesia by chloroform, when the face of 
the operator appeared ruddy and his hair purplish red. He 
now has observed a chronic condition of the same sort, last- 
ing for a couple of weeks, during convalescence from typhoid 
fever. White objects appeared orange yellow. On Young’s 
theory this result is explained by supposing that the nerve 
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fibrils of the retina, which are sensitive to red, resume their 
functions soonest. Hence the author infers that the ap- 
paratus in the eye for the reception of waves of medium 
length is more Hable to be overstrained than that designed 
for waves of greater or lesser length. 

Kiihne has made some new and remarkable experiments 
in optography. Following out the suggestion of Boll, that 
the retina of an animal kept in the dark for a long time is 
purplish red, the color being bleached by daylight, he has 
succeeded in fixing upon the retina the image of objects seen 
by the animal before death. To repeat the experiment, the 
animal, after being kept for a long time in the dark, is de- 
capitated, and each of the eyes exposed in turn to a bright 
object —as, for example, the skylight of the laboratory. 
The retinz are removed from the eye in presence of sodium 
light, and placed in a five-per-cent. solution of alum, After 
becoming hard, they may be separated from the optic nerve 
and inverted. Upon a beautiful rose-colored field a brilliant 
and sharply defined image of the skylight appears, showing 
even the sashes. In one of Kiihne’s experiments a second 
image appeared, to his surprise, but it was due to the second 
skylight with which the laboratory was lighted. 

Carey Lea has studied the sensitiveness to light of various 
salts of silver. Premising that these salts are sensitive, Ist, 
by being darkened, 2d, by receiving a latent image rendered 
visible by a deposit of metallic silver, or, 3d, by receiving an 
image which is made visible by decomposition by alkalies in 
connection with reducing agents, he gives the results of his 
experiments to ascertain the sensitiveness of various salts in 
the third way above mentioned. Silver platinocyanide gave 
the strongest image, though none of the substances tried at 
all approached the haloid silver salts in-sensitiveness. More- 
over, he observed that no substance insensitive in the absence 
of tannin became sensitive by its presence. 

4. Interference and Polarization. 

Trannin has devised a new method of photometric meas- 
urement for lights of different colors, with which he has ex- 
amined and compared the luminous intensity of different por- 
tions of the spectrum. ‘The method consists in superposing 
the spectra of the lights to be compared, and then producing 
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in these spectra interference bands, which disappear in any 
given part of the field common to the two spectra when the 
intensities are equal. The instrument is an ordinary spec- 
troscope, the two spectra being obtained, the one above the 
other, by the common device of a reflection prism. Between, 
now, the collimator and the prism the author places a Fou- 
cault prism to polarize the beam horizontally, a plate of 
quartz cut parallel to the axis to produce a considerable dif- 
ference of path between the ordinary and extraordinary 
rays, and a Wollaston prism to bring back the light rays 
into two planes at right angles to each other, and at the 
same time to double the images of each half of the slit. 
Four channelled spectra are now visible in the instrument, 
two of these (one polarized vertically, the other horizontally) 
overlapping. Consequently the brilliant maxima of the one 
coincide with the dark maxima of the other; and when the 
intensities are equal, the bands completely disappear. The 
method is simple and satisfactory. 

Riicker has given, in ature, an account of some interest- 
ing experiments with black soap films, z. ¢., films of soap and 
water so thin that no light is reflected by them, and they 
appear black. He has observed that, under whatever condi- 
tions the black film may have been formed, a remarkable 
and very rapid change of thickness invariably occurs at the 
boundary which divides the black from the colored portion 
of the film. By an exceedingly happy method, the thickness 
of the film was measured by measuring the resistance’of a 
known area. The value of the resistance of a black ring one 
millimeter broad was 1,750,000 ohms, from which the calcu- 
lated thickness is twelve millionths of a millimeter, or one 
forty-ninth part of the wave-length of D. Various measure- 
ments prove this thickness to be approximately uniform. 
Thompson has communicated to the London Physical So- 

ciety, says ature, a paper on interference fringes within the 
Nicol prism. If the “field” of a Nicol be explored by the 
eye, it will be seen to be bordered on one side by a margin 
of violet-blue light, and on the other, when the light passes 
obliquely through the prism, by an orange band, within 
which lie a series of colored fringes; these latter are very 
clearly seen with monochromatic light, when a second set 
within the blue band also appears. ‘The author showed that 
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these two sets are due to interference taking place within 
the film of balsam at the critical angle of total reflection for 
ordinary and extraordinary rays respectively; they are, 
therefore, analogous to the interference bands in a thin film 
placed beneath a prism of a more highly refracting sub- 
stance, and occurring just within the limit of total internal 
reflection, as first observed by Sir W. Herschel. 

Stone has exhibited to the London Physical Society some 
diffraction gratings on glass and metal, ruled by W. Clark, 
of Windsor Terrace. The majority of them were close spi- 
rals, about 1000 to the inch, which gave brilliant circular 
spectra, the slight difference between spirals and true circles 
not being apparent. “fhe metal gratings were linear, 1000 
to the inch, the spectra being much more brilliant than the 
refracted ones. The German silver and cast steel hitherto 
employed not being suitable, the author proposes the use of 
speculum metal. ‘The idea is not new, Saxton having ruled 
lines for this purpose for Bache many years ago, The exqui- 
site speculum-metal gratings of Rutherford are well known. 
He much prefers them to glass silvered, and his latest tri- 
umphs in this direction abundantly justify the preference. 

André has studied theoretically the phenomena of diffrac- 
tion in optical instruments and their influence on astronom- 
ical observations. 

Bezold has suggested another and a very convenient 
method for studying the laws of color-mixture. A prism 
of Iceland spar is placed in the interior of a blackened tube, 
which is closed below by a disk having four squares cut out 
of it. The prism, of course, gives, on looking through it, 
double images of the squares, and in a certain position two 
of the eight are brought to coincide with two others in the 
middle. Surfaces of different colors being brought under the 
two squares occupying, say, the upper row, their composite 
color is obtained in the middle image. It is then easy to find 
what color must be put under the lower two squares to ob- 
tain a color in the middle corresponding to the one above. 

Baily has examined microscopically the optical properties 
of starch grains. He concludes that they are transparent 
bodies, consisting of an interior nucleus surrounded by coats, 
and explains their appearance in polarized light by suppos- 
ing the starch to be doubly refracting, with two axes of elas- 
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ticity at each point in the plane of the disk, one of which is 
directed towards the centre of this disk. 

Soret and Sarasin have investigated the rotatory power 
of quartz, extending their observations to the ultra-violet 
rays as far as the line hk, using in general the method of 
Foucault and Fizeau, modified by that of Mascart. The 
numbers obtained agree well with those calculated by Boltz- 
mann’s formula. 

Henri Becquerel has submitted a large number of sub- 
stances to the influence of magnetism, and examined them 
with polarized light, to determine whether the magnetic ro- 
tatory polarization of these bodies sustained any relation to 
their other physical properties. He finds that this magnetic 
rotation in general increases with the refractive index of the 
body, nearly as n? (n?—1), and draws a number of important 
facts from this conclusion. 

ELECTRICITY. 

1. Magnetism. 

Wild has examined the properties of a nickel- magnet 
made by Joseph Wharton, of Philadelphia, and given by 
him to Kotschubey, of the Russian commission. The mag- 
net was 155 millimeters long, 9.5 wide, and 2 thick, the ends 
being pointed. It weighed 25 grams. Its magnetic mo- 
ment, determined in the usual way, was, per gram, 112,000 
as received, and 186,000 after remagnetizing; while that of 
a nearly similar steel magnet was 245,000 and 368,000 re- 
spectively. On analysis by Butlerow, the only impurity 
was iron, of which there was present one third of one per 
cent.; traces of cobalt were also detected. Wald concludes, 
1st, pure nickel, unlike iron, takes considerable permanent 
magnetism, but the amount is only from one half to one 
third of that taken by different sorts of hardened steel; 2d, 
the magnetism remaining in nickel is less permanent than in 
hardened steel; 3d, the temperature-coefticient is less in the 
ease of nickel than in that of hardened steel; and, 4th, the 
temporary magnetism acquirable by nickel, though about 
twice its permanent magnetism, is only half that »which 
hardened steel and only one fourth of that which soft iron 
is capable of acquiring. 
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Du Moncel has studied the relation which should exist 
between the diameter of iron cores and the thickness of their 
magnetizing helix, and finds from experiment that there is 
an advantage in winding electro-magnets so that the thick- 
ness of the coil-layers is equal to the diameter of the cores. 
Moreover, the diameter of the cores should naturally be pro- 
portioned to the electric intensity which is to act on them, 
and be so chosen that they shall be nearly saturated by the 
current. 

Helmholtz has communicated to the Academy of Berlin a 
paper containing the results of experiments by Rowland, 
which satisfactorily prove that electric convection currents 
are dynamically equivalent to the flow of electricity in a 
conductor, and are electro-magnetically operative. 

2. Electromotors. 

Zoellner has investigated a new class of electrical phe- 
nomena hitherto but imperfectly known. When two dif- 
ferent bodies, an insulator and a half-conducting rubbing 
instrument, are rubbed together, electrical currents occur in 
the rubber as follows: if the rubbed insulator be positively 
electric, the currents at the surface of contact or in the inte- 
rior of the rubber are parallel, but opposite to the relative 
motion of the insulator; if the latter be negative, the cur- 
rents of the rubber are parallel and in the same direction as 
the insulator’s motion. These currents were measured, and 
shown to be often very considerable. They could be inten- 
sified by multiplying the rubbers and connecting their cor- 
responding parts with wires. They lessen the useful effect 
of an electrical machine, in which, however, a positive ad- 
vantage is had by uniting the electricity of the positive end 
of the rubber with the positive electricity of the conductor. 
The author has also studied a variety of related experi- 
ments, as, for example, the currents generated by the flow 
of water through a thin tube. Zollner concludes that dia- 
phragm currents and their modifications are due to the oc- 
currence of new electro-motive forces, such that the electric 

current they generate in the moved liquid, so long as it is in 
contact with the canals of the diaphragm or the capillary 
tube, are always opposite to an electric current which would 
force the liquid in the same direction through the diaphragm 
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which is caused by the mechanical pressure which is oper- 
ative. 

Fuller has communicated to the Physical Society of Lon- 
don a description of a new form of electrical machine, called 
an electric multiplier, which is essentially a double-acting 
electrophorus. It consists of a vulcanite quadrant, over 
which electricity is distributed by a metallic arm, carrying 
needles which swing over it, the charge being removed from 
the other side by a similar set of points attached to an arm 
connected to earth. Two quadrantal metal plates being 
now automatically brought in contact with the vulcanite, 
receive a strong charge, which becomes free on removing 
again the plates from the vulcanite. 

Hagenbach has made some experiments in the university 
of Basle to ascertain the effective performance of one of the 
smaller Gramme magneto-electric machines used as a source 
of light for lecture-room purposes. He finds as follows: 

“ 
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Itotations per | Cubic Centims. of | Electro-motive Force Candies 
Minute. Gas per Minute. in Bunsen Cells. r 

1700 119 40.8 
1800 126 43.2 
1900 133 45.6 
2000 140 48.0 

The work done at 1800 revolutions was 90 kilogrammeters, 
or about 475 candles to the horse-power. The machine was 
driven by a water motor, and the light cost nearly seventy 
cents per hour. As to give the same light from a battery 
would require from seventy-two to eighty Bunsen cells, tlie 
light from the machine is much the cheapest. 
Anthony has also given some measurements of the per- 

formance of a Gramme machine constructed in the work- 
shop of the Cornell University. According to the results 
given, the machine, when making but about 500 rotations, 
gave a light of 1600 candles; but as, unfortunately, the 
horse-power consumed is not stated, no opinion of the effi- 
ciency of the machine can be formed. Further experiments 
are promised. 

3. Velocity. 

A paper has been published by Wand on the propagation 
of electricity in cylindrical conductors, which is an extended 
mathematical discussion of the whole subject. He finds (1) 
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that the character of the propagation of electric disturb- 
ances of equilibrium is different according as the resistances 
to be overcome are small or great; (2) that with small re- 
sistances—such as that of 120 to 400 kilometers of copper 
wire 2 millimeters in diameter—restoration of the equilib- 
rium takes place by oscillations, the amplitude of which 
diminishes the more rapidly the greater the resistance ; (3) 
that with great resistances—such as 1000 kilometers of the 
above wire—no oscillations are observed, the velocity being 
inversely proportional to the total resistance and to the 
length of the conductor, and hence, for two conductors of 
equal specific resistance, being inversely as the square of the 
length; and (4) that the velocity of electric signals magnet- 
ically produced is not, except in cases where the resistance 
is very large, comparable with that of disturbances of elec- 
trical equilibrium, the latter being the greater. One curious 
result the author draws from his investigation, ¢. ¢., that 
when the resistance in the circuit is very small, the motion 
of the electricity takes place almost exclusively upon the 
outer surface of the conductor. 

W. Siemens has experimented to determine the velocity 
of electric propagation. The two outer armatures of a con- 
denser were connected together; the two inner ones, one to 
the line, the other to a short wire. Both terminated in 
points close to a revolving smoked cylinder. On putting 
the are connecting the outer armatures to earth, the con- 

denser is discharged, and two sparks pass to the cylinder, 
the difference between them indicating the time of tray- 
ersing the line. Siemens concludes that electricity has an 
actual velocity of propagation. 

Sabine has proposed to use the time taken by a condenser 
to discharge itself, or to pass from one potential to another, 
through a circuit of known resistance, as a unit for measur- 
ing very small intervals of time. 

Edison has discovered the fact that the conductivity of 
graphite loosely compressed is remarkably increased by 
pressure, probably from improved internal or external con- 
tact. He has utilized this discovery in the construction of 
his talking-telephone by placing such a cylinder of graphite 
against the brass or mica diaphragm which receives the 
sound and in the main circuit. The electrical current, which 
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is inversely as the resistance, copies faithfully the varying 
pressure of the sound-waves, and transmits them along the 
line. 

4, Electrolysis. 

Ayrton and Perry have published an account of an elab- 
orate series of experiments on ice as an electrolyte. Asa 
result of their experiments, they state that the capacity per 
cubic centimeter of ice at —13.5° C. is 0.002 micro-farad, 
and the specific inductive capacity is 22,160 (that of air 
being called unity), while that of water at 8.7° is about 
2240 times this amount. Commencing with ice at —13.6°C., 
the temperature was allowed to rise, and the conductivity 
determined by galvanometer readings. From these a very 
regular curve was deduced, which shows that the conduc- 
tivity increases regularly, and that there is no sudden rise 
in passing from the solid to the liquid state. The same ap- 
paratus was also used to determine the electro-motive force 
of polarization-currents at different temperatures. 

Helmholtz has published a note containing the results 
of a research made at his suggestion by Root to ascertain 
whether in galvanic polarization the electrolytic gases re- 
mained on the exterior or actually penetrated the platinum. 
The experiments show a very rapid penetration of the plati- 
num, so that if for only five minutes the platinum plate ex- 
perimented on and one to the right of it were connected 
with a Daniell’s cell, a condition of polarization was devel- 
oped between it and a plate to the left. 

Bertrand has experimented on the electrolytic preparation 
of the metals, and has prepared aluminum, magnesium, cad- 
mium, bismuth, antimony, and palladium from their aqueous 
solutions in this way. ‘The current employed should be 
strong, and the concentration of the solution carefully reg- 
ulated. 

5. Electric Spark. 

Spottiswoode has described the new enormous induction 
coil made for him by Apps, which is capable of giving sparks 
42 inches long. It has two primary coils—one used for long 
sparks, the wire being 660 yards long and 0.096 inch diam- 
eter; the other, for fat sparks, has 84 pounds of wire, instead 
of 67. The secondary wire is 280 miles long, and forms 
341,850 turns. In the two central sections the diameter of 
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this wire is 0.0095 inch, and in the two outer ones 0.0115 and 
0.0110 inch. The condenser consists of 126 sheets of tin-foil 
18 by 8.5 inches, separated by two thicknesses of varnished 
paper 0.0055 inch thick. Glass 3 inches thick has been 
pierced with the 28-inch spark of this coil, using five cells 
of Grove. 

Spottiswoode also has experimented to determine the con- 
ditions of stratification in exhausted tubes, and finds that in 
a tube, one terminal of which is connected with the negative 
coating of a Leyden battery, while the other is held beyond 
striking distance from the positive coating, the discharge 
will show the separation of the positive from the negative 
part by a dark intervening space, and under suitable condi- 
tions of exhaustion will also show striw. Decreasing the 
distance from the positive coating produced a stratified dis- 
charge. He concludes that by a suitable disposition of a 
Leyden battery the phenomena produced by it coincide with 
those produced by the induction coil. 
Thompson has repeated and varied the experiments of 

Edison on induced sparks, from which the latter concluded 
upon the existence of an “etheric” force. He has obtained 
these sparks ten millimeters long, and shows that they are 
made up of alternating currents of very short duration. 
Lommel has figured two interesting electric dust figures 

analogous to those of Lichtenberg, but in which the rod con- 
veying the discharge lay horizontally on the vulcanite plate 
instead of being vertical. One of these 1s positive, the other 
negative, and they were produced by dusting a mixture of 
red-lead and lycopodium powder on the plate after several 
sparks had passed into the rod. 

Wright has studied the production of transparent metallic 
films by the electric discharge in exhausted tubes, and has 
obtained some curious results. The colors obtained by trans- 
mitted light were, for gold, brilliant green, thinning out to 
pinkish violet; for silver, pure deep blue; copper, dull green ; 
bismuth, grayish blue; platinum, gray; palladium, smoky 
brown; lead, olive brown; zinc and cadmium, grayish blue, 
inclining to purple; aluminum, brownish; iron, neutral tint ; 
nickel and cobalt, gray or brownish gray; tellurium, purple; 
magnetite, gray brown. The light transmitted is power- 
fully polarized, the polarization increasing with the incident 



126 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

angle. The metals of high atomic weight volatilize most 
readily. 

Barat proposes to use, for the Franklin portrait experi- 
ment, in place of a gold leaf, a gilded plate of glass, having 
two strips of tin-foil across the ends and the portrait outline, 
paper and press as usual. One spark is sufficient; a second 
uniformly breaks the apparatus. 

Gripon has published two interesting experiments in stat- 
ic electricity. In the first, two equal strips of copper are 
placed at the top of a metallic stem, the lower one fixed, the 
other moving on a pivot. Ifthe apparatus be placed in the 
neighborhood of an electric machine, or even of a charged 
sphere, the two strips arrange themselves perpendicularly to 
one another. Ifthe upper strip be replaced by a magnetic 
needle, a deflection more or less decided is also observed. 
In the second, a capsule completely full of oil of turpentine 
is placed beneath a permanently electrified sphere. The liq- 
uid is attracted, and a column of it rises to the ball, in which 
very complex movements may be observed, the whole recall- 
ing closely a water-spout. 

Berthelot having proved that even under the ordinary 
electric tension of the atmosphere a silent discharge may be 
caused in a tube containing nitrogen, by means of which 
this gas may be absorbed by organic bodies to form new 
compounds, proposes this result as one which must necessa- 
rily go on in nature. Hence he insists upon the necessity 
of studying consecutively and methodically the electric con- 
dition of the atmosphere, since upon its tension this absorp- 
tion of nitrogen depends. 

Maxwell has communicated to the Physical Section of the 
British Association a paper on the protection of buildings 
from injury by lightning. Premising that the precautions 
ordinarily taken in the construction of lightning-rods are cal- 
culated rather for the benefit of the surrounding country and 
for the relief of clouds laboring under an accumulation of 
electricity than for the protection of the building on which 
they are erected, he goes on to advocate the protecting of a 
powder- mill, for instance, by sheathing its roof, walls, and 
ground-floor with thick sheet copper, since, under these cir- 
cumstances, no electrical effect could possibly occur within 
it by reason of any thunder-storm outside. Ordinarily, how- 
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ever, it would be quite sufficient to carry a No. 4 copper 
wire round the foundation of the house, up each of the cor- 
ners and gables and along the ridges. If there are no me- 
tallic connections with distant points, such as water and gas 
pipes, it is not necessary to take any pains to facilitate the 
escape of the electricity into the earth. 

Baxendell subsequently called attention to the fact that 
the above system of protecting buildings from lightning was 
suggested by the late Mr. Sturgeon in a paper read before 
the London Electrical Society on March 7, 1838. Mr. Stur- 
geon, moreover, advocated an efficient earth connection—a 
measure absolutely essential to prevent damage should the 
building be struck by lightning. 

Fitzgerald has communicated to the Royal Society the 
important fact that a ray of plane polarized light, when re- 
flected from the polished pole of an electro-magnet, is not 
simply rotated, as Kerr supposed, but emerges elliptically 
polarized. To account for this result, he supposes differences 
of density of iron in different directions due to the magnet- 
ization; whence two circular rays of unequal indices, which 
by their combination produce, of course, an elliptic ray. 

Gordon has repeated with care the experiments of Kerr 
on the effect of electric charge in causing double refraction 
in glass, and has been entirely unable to produce the results, 
though the means employed were as powerful and as delicate 
as the latter’s. 

Lodge presented to the Glasgow meeting of the British 
Association an ingenious mechanical apparatus for illustrat- 
ing many electric phenomena, such as the passage of elec- 
tricity through metals, electrolytes, and dielectrics. In the 
apparatus the current is represented by an inelastic endless 
cord, the electro-motive force by a weight tending to urge 
the cord forward. Resistance is shown by buttons moving 
on the cord with friction, attached by strings more or less 
elastic to the supports, by means of which counter-electro- 
motive force is represented. 

G. Electric Light. 

Gauduin and Gramme have experimented to determine 
the effect of the introduction of various more or less diffi- 
cultly fusible substances into the carbons employed for the 
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electric light in increasing the brightness of the are. The 
substances used were bone-ash, ealcium chloride, borate and 
silicate, silica, magnesia, magnesium borate and phosphate, 
alumina, and aluminum silicate. The proportions were so 
regulated that, when burned, the carbons should contain 
about five per cent. of the foreign substance. The results 
show that only with the bone-ash was the light increased 
measurably, but that the fumes produced are serious objec- 
tions to the use even of this. 

Reynier has suggested a new form of electric lamp, the 
carbons in which have the form of disks, in contact, or near- 
ly so, at their peripheries, and rotated by clock-work. To 
one of them an automatic arrangement is attached, which 
electro-magnetically controls the distance between the elec- 
trodes, and that instantaneously. This device, the author be- 
lieves, will enable him to divide the current, and so to main- 
tain several electric lights at the same time by a single 
machine. 

Chikolef has made a series of experiments at St. Peters- 
burg to determine the lighting power of the electric light at 
great distances. The power of the light is notably increased 
by covering the carbon of the lamp with a thin sheet of cop- 
per (one sixteenth of the diameter of the carbon at its upper 
part, and from one forty-eighth to one sixty-fourth in its 
lower part). It depends also upon the direction given to 
the carbon, the best being to turn the cup towards the ob- 
ject to be lighted. The great machine of Alteneck, with a 
carbon twelve millimeters in diameter, gave a maximum 
light equal to 10,210 candles, and a mean light of 5739 can- 
dles; while with a carbon of ten millimeters, but galvanic- 
ally coated, it gave a maximum of 16,255 candles (20,275 
when the cup is turned as above), and a mean of 14,039 can- 
dles. The light was sufficient to make objects visible (for 
military purposes) at a distance of 3080 yards. Of many 
machines used, the most economical proved to be the great 
Alteneck. 

Jablochkoff has devised a new form of electric lamp, very 
simple in its construction, having absolutely none of the me- 
chanical arrangements ordinarily used. It consists of two 
carbons permanently fastened parallel to each other, and at 
a small distance apart, separated by some insulating sub- 
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stance capable of disappearing in some way as the carbons 
burn, the substance used by the discoverer being either kao- 
lin or a mixture of sand and powdered glass. To prevent 
the more rapid consumption of the positive carbon, it is 
made of proportionately greater cross section, the author 
having found that the relative rapidity of consumption de- 
pends on the strength of the current. The light is double 
that given by a regulator, and with an ordinary Gramme 
machine current four lights were produced at the same 
time. 

Experiments have been made in both London and Paris 
with the electric candle of Jablochkoff, using two carbon 
strips placed side by side, insulated from each other by some 
non-conducting substance which melts or volatilizes as the 
carbons burn. At the West India Docks in London four of 
these candles were simultaneously burned with the current 
from one magneto-electric machine. The large yard was 
brilliantly illuminated, although the candles were enclosed in 
ground-glass shades; so that it was possible to read small 
print at a considerable distance, while at the same time the 
eyes were not affected by the glare, as is the case with the 
ordinary electric light. The second trial was the lighting of 
the top story of one of the large warehouses, and the third 
the lighting-up of a large vessel at the quay, both of which 
were successful. Each candle gave a light equal to that 
from 100 gas-lights, and at a very much less cost. 

Another form of Jablochkoff’s light has been variously 
tried, which seems likely to be of more practical use than 
the candle. It consists of a thin kaolin plate, only four mil- 
limeters thick, but eight centimeters long and two or three 
wide, having the conducting wires fastened in grooves at 
the ends. These wires are coarse, and come from the sec- 
ondary coil of an inductorium, the primary coil being in the 
circuit of an Alliance magneto-electric machine, driven by a 
three-horse engine. When the secondary current crosses 
the kaolin plate it apparently ignites, giving a soft mellow 
light equal to that from eight gas-burners. In the Paris ex- 
periments three electric candles, each equal to five kaolin 
lights, were operated in the main circuit, while ten of the 
kaolin lights were operated by as many secondary circuits, 
thus making it possible to feed twenty-five lights at once in 
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different places by the same machine. These experiments 
were made with a view to utilize these lights at the Paris 
Exhibition. 

Tyndall, in connection with Douglass, has made a report 
to Trinity House on the comparative value of various mag- 
neto-electric machines for light-house purposes, an abstract 
of which appears in Vatwre for October 25th. The machines 
compared were those of Holmes, Gramme, and Siemens. 
The performance of the small Siemens machine particularly 
impressed them. Its power, in relation to its size, is sur- 
prising. The large machine of Siemens, however, greatly 
transcends both his small machine and the single machine of 
Gramme; it is sensibly equal to the two Gramme’s machines 
coupled together, the price of the former being less than half 
that of the latter. The light from the large Siemens, as also 
that from the two coupled Grammes, is of extraordinary 
splendor. Combining either the large machine of Siemens, 
the two Gramme’s machines, or, if practicable, the two small 
machines of Siemens, with one of the group-flashing dioptric 
apparatuses which have been recently devised by Dr. Hop- 
kinson, a light transcending all other lights now existing 
would probably be obtained. 

7. Thermo-Electricity. 

Streintz has described a new form of Noé’s thermo bat- 
tery, and has given the results of some measurements with 
it. The positive metal consists of an alloy of 62.5 antimony 
and 36.5 zine, and the negative metal of German-silver wire. 
The battery contained four series of 27 elements each, so ar- 
ranged as to be combined in two series or in one only. The 
electro-motive force estimated by Fechner’s method was that 
of 4.3 Daniell cells; the resistance, 2.7 Siemens units. 

Naccari and Bellati have investigated the thermo-electric 
properties of potassium and of sodium at various tempera- 
tures, using pairs formed by one of these metals and copper 
in the earlier experiments, and lead in the later. The results 
show that the passage of a unit of electricity from a cold 
section to another warmer by one degree, transports, follow- 

ing the direction of propagation of the negative fluid, a quan- 
tity of heat equivalent respectively to 2529 units of work for 
the potassium and 4129 units for the sodium. The neutral 
points are at —62.04° and —212.4°. 
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GENERAL. 

Among the interesting Chemical papers of the year we 
note one by Berthelot on certain chemical phenomena pro- 
duced by the electricity of tension. In these experiments a 
Holtz machine was employed, one electrode of which was 
connected by means of a platinum wire with the internal 
coating of a sealed tube containing the substance to be act- 
ed on, the external coating being connected with the inter- 
nal one of the next tube, and so on, the second electrode of 
the machine being put in communication with the last outer 
coating. No spark can possibly occur within the tubes, 
though they are incessantly charged and discharged, but 
always with the same kind of electricity. He finds that 
ozone is formed from oxygen equally well by positive or 
negative charges, though the amount produced is increased 
with the tension, being five or six per cent. for sparks one 
centimeter long, while with sparks of half a millimeter only 
one or two thousandths is formed. No production of nitrous 
compounds was observed with a mixture of nitrogen and 
oxygen. Acetylene was formed in quantity when organic 
vapors were placed in the tubes. Nitrogen was freely ab- 
sorbed by organic bodies such as paper and dextrin. Ex- 
periments are in progress to determine the cause of the spe- 
cial action thus exerted. 

Terreil has published an extended paper on Dulong and 
Petit’s law of atomic heats, in which he compares together 
the products of specific heat and atomic weight of bodies in 
the state of vapor, and finds a close accordance with the 
law. He asserts that a body not gaseous has a specific heat 
twice that which the same substance possesses in the gaseous 
condition. 

Victor Meyer has described an improved form of appara- 
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tus for showing the increase of weight in combustion where 
the products are gaseous. Upon each scale pan of a balance 
is placed a candle. Above it is a glass gas chimney, having 
gauze at bottom, and containing several large pieces of caus- 
tic soda, suspended to the stirrup. One of the candles being 
lighted, in a very few minutes that side of the balance pre- 

ponderates, In six minutes there is a difference of weight 
of a gram, and in fifteen minutes of more than three grams. 
A lecture was delivered in March before the London Chem- 

ical Society, by T. E. Thorpe, on the theory of the Bunsen 
lamp, in which he gives first a bit of history relative to its 
origin, and then discusses the results of Mallard as to the 
velocity of inflammation in meters per second of various 
mixtures of coal-gas and air, of Blochmann on the composi- 
tion of the gas at various parts of the flame, and of Heumann 
and Frankland on the cause of the disappearance of lumi- 
nosity in the flame. 

Miiller has proposed a simple apparatus for determining 
approximately the density of gases, as a lecture experiment. 
A well-closed half-liter flask, through the cork of which pass- 
es a glass tube drawn out to a point, is taken, and water is 
boiled in it until all the air is expelled from its interior, when 
the point is sealed. After cooling it is carefully weighed. 
The difference is the weight of the contained air, corrections 
being made for the tension of aqueous vapor and for tem- 
perature. Replacing the stopper by a second having two 
tubes, and again expelling the air from the flask, it is sueces- 
sively filled from a gasometer with the gases to be weighed, 
and their weights determined in succession. The method is 
quite accurate. 

NON-METALLIC. 

Schobig, at Kaimmerer’s suggestion, has experimented to 
determine the effectiveness of a solution of potassium per- 
manganate for the purification of hydrogen gas for analytical 
uses. He finds it highly satisfactory, the impurities pres- 
ent—sulphur, arsenic, antimony, phosphorus, and carbon— 
all being completely removed. The hydrogen itself is oxid- 
ized by the solution, but only to a slight extent. The hy- 
drogen thus purified the author finds will reduce silver. 

Corne has observed that if to an aqueous solution of an 
iodate there be added a few drops of water in which phos- 

—_- 



a a ee 

CHEMISTRY. 133 

phorus has been kept, iodine is liberated. The reaction is 
due to the phosphorous acid present. To detect an iodide, 
this is first oxidized by boiling with a few drops of sodium 
hypochlorite. The addition of the phosphorus water sets 
free iodine at once, which is recognized by starch or carbon 
disulphide. 

Berthelot has studied the thermic conditions attending the 
formation of ozone. He finds that in the production of one 
molecule of ozone from oxygen there is an absorption of 29.6 
calories. Being therefore a body formed with the absorption 
of heat, its activity chemically is accounted for: it is a maga- 
zine of energy stored up under the influence of electricity. 

Cohne has observed that if a sprig of any fresh plant be 
placed in a weak solution of hydrogen peroxide, oxygen is 
disengaged which is strongly ozonized. If flowers are upon 
the sprig, they also evolve oxygen, but less actively. A con- 
venient method of setting free a little ozone in the air of an 
apartment is to place a bouquet of flowers in weak hydrogen 
peroxide in place of ordinary water. 
Kammerer has called attention to the occurrence of gelatin 

in all forms of water coming from the soil, and has suggest- 
ed that water intended for consumption should always be 
tested by means of tannin for this substance. If no precipi- 
tate or turbidity appears after standing twenty-four hours, 
the absence of an appreciable quantity of gelatin is assured. 
Any turbidity, however, proves the water impure. 

Frankland has published a paper on water - analysis, in 
which he examines the value of the albuminoid-ammonia 
process, and concludes that it is “entirely useless in the ex- 
amination of waters for sanitary purposes.” He claims, 
however, for the combustion process, that it is the only one 
which gives trustworthy information concerning the organic 
matter present, the only one which can determine the car- 
bon, and the only one which shows the ratio of nitrogen and 
carbon. 

Fairley has studied the action of various bodies on hydro- 
gen dioxide, with a view to determine the cause of the de- 
composing action they exert. In the case of the metals— 
silver, for example—he believes that there is first an oxida- 
tion, and then a reduction again, due to the reaction of the 
silver oxide upon the hydrogen dioxide. 

es 
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Cooke has described a method for manipulating hydrogen 
sulphide which possesses many advantages. In general, the 
apparatus used is that commonly employed for generating 
and dispensing carbonic-acid water, some minor modifica- 
tions being made in it. 

Berthelot has examined experimentally the assertion of 
Schénbein that, in presence of alkalies, the nitrogen of the 
air is oxidized to nitrous compounds by ozone. Both oxida- 
tion of phosphorus and the silent electric spark were used to 
produce the ozone. But while he confirmed Schénbein’s 
statement that nitrous compounds are formed in presence of 
oxidizing phosphorus, the author could not obtain evidence 
of the oxidation of the nitrogen by the ozone. 

Berthelot has also called attention to the absorption of 
free nitrogen at the ordinary temperature by various organ- 
ic bodies, notably benzene, oil of turpentine, marsh gas, acety- 
lene, and even cellulose, under the influence of the silent elec- 
tric discharge. 

Storer has examined elaborately Schénbein’s test for ni- 
trates, which consists in applying the iodo-starch test after 
reducing to nitrites by means of zine. In his opinion, the 
fatal defect of the test is the production, even by the action 
of zinc on pure water, of hydrogen peroxide, which colors 
the iodo-starch. He finds that this may be entirely obviated 
by acidulating the water before reducing. One tenth of a 
milligram of nitric acid in 50 cubic centimeters of water con- 
taining two drops of dilute sulphuric acid gave the reaction 
distinctly. 
A new and apparently satisfactory process has been pro- 

posed by Etard for the preparation of alkali nitrites as re- 
agents, which consists in reducing the corresponding nitrate 
by asulphite. Equivalent quantities, for example, of potas- 
sium nitrate and potassium sulphite, previously well dried, 
are mixed together and fused in a crucible. After cooling, 
the mass is taken from the crucible, pulverized, and treated 
with alcohol, in which the nitrite only is soluble. Or the 
separation may be effected by crystallization. 
Hampe has made a somewhat exhaustive investigation of 

the so-called boron obtained by different methods, and con- 
cludes that no pure boron in crystals has ever yet been seen. 
He finds that the black monoclinic prisms produced when 
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carbon is absent consist of about 17.30 per cent. of aluminum 
and 82.70 of boron, corresponding to the formula AIB,,. 
The yellow crystals, quadratic in form, which have been sup- 
posed to be an allotropic form of boron, the author finds to” 
contain 13.15 per cent. of aluminum, 3.76 of carbon, and 82.81 
of boron, from which he derives the formula C,A1,B,,. for 
the substance. 

Wright has continued his studies upon the gases contain- 
ed in meteorites, and now gives the results of his examina- 
tion of the Kold Bokkeveld meteorite, which, though stony, 
contains considerable carbon and some bituminous matters. 
It yielded 25.23 voluines of gas, of which 93.11 per cent. was 
carbon dioxide, the remainder being carbon monoxide, marsh 
gas, hydrogen, and nitrogen, the two latter in minute quan- 
tity. It also yielded ten per cent. of water, in which chlorine 
and sulphurous oxide were detected. The manner of occur- 
rence of the gases within the meteorite is also discussed. 
A note has appeared by bottinger giving the results of 

his experiments with carbonous oxide and hydrogen cya- 
nide, in a research upon glyoxylic acid. He finds that when 
pure carbonous oxide is conducted over pure dry hydrogen 
cyanide, weil cooled, it is actively absorbed. If the solution 
be mixed with a concentrated solution of hydrogen chloride 
and agitated, no evolution of gas takes place, even on agita- 
tion, the liquid separating, on standing, into two layers. If, 
however, the vessel be removed from the freezing mixture, a 
rapid streain of pure carbonous oxide is evolved. Pure hy- 
drogen cyanide is left, showing that the CO was simply dis- 
solved. He hence calls attention to the remarkable solubility 
of carbonous oxide in hydrocyanic acid. 

Hartley has made further examinations of the liquids con- 
tained in mineral cavities. He finds that the liquid carbon 
dioxide present varies considerably—from 27.27° to 33.7° C. 
—in its critical point in different mineral specimens, often 
varying in different cavities in the same mineral specimen. 
The presence of this substance in sapphire and topaz leads 
him to the supposition that these minerals may have been 
formed by the action of aluminum fluoride or chloride upon 
calcium carbonate at high pressures, producing alumina and 
carbon dioxide. Where water is also present in the cavity 
it would seem that the reaction had taken place in presence 
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of moisture. As to the diamond, the author thinks that this 
mineral is the result of the action of reducing agents upon 
very highly compressed carbon dioxide at temperatures 
above its critical point—a condition of things which sug- 
gests a new direction for speculation and experiment. 

Zoller has recommended the vapor of carbon disulphide 
as an antiseptic agent. Prepared from potassium xanthate, 
its odor is but trifling. Experiments show that five grams 
of this liquid volatilized in a space of about one seventh of a 
cubic meter will preserve twenty kilograms of meat placed 
in this space for from two to three weeks. 

METALLIC. 

Jean has proposed a method of titrition for the sulphates 
of the alkalies, which is as follows: The aqueous solution of 
the sulphate is treated first with baryta water in excess, 
then with carbonic-acid water decanted from the mixed 
precipitate of barium sulphate and carbonate, the liquid 
boiled, the whole filtered, the precipitate washed out, the 
filtrate and washings concentrated and titered as usual with 
a standard sulphuric acid. From the quantity of free alkali 
carbonate present, the quantity of sulphate originally united 
to it is known, being the exact quantity employed in neu- 
tralizing the alkaline filtrate. 

Johnson has prepared potassium tri-iodide, by evaporat- 
ing over sulphuric acid a saturated solution of iodine in po- 
tassium iodide. At first dark-colored cubical crystals of the 
iodide, colored by iodine, were deposited; but in a few days 
lustrous dark-blue prismatic crystals, sometimes two inches 
long, separated, which had the composition of the tri-iodide, 
and were extremely deliquescent. Their specific gravity 
was 3.498. 
Frey has given the details of the manufacture of the al- 

kali-earth metals in Gorlitz which were exhibited in Lon- 
don and Philadelphia. In general the electrolytic method 
of Bunsen is closely followed, the current being weaker. 
From two and a half to four grams were produced at each 
operation. Calcium is not yellow, but resembles aluminum 
closely, being brittle like it, and not being malleable or te- 
nacious, Strontium is bright brass-yellow, very malleable, 
easily rolled and drawn, and oxidizes much easier than cal- 
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cium. Barium cannot be obtained as a globule, its fusing- 
point apparently being above that of cast iron. From amal- 
gams of this metal, by distilling off the mercury, masses of 
over 100 grams were obtained, sintered together. Lithium 
was obtained in two-gram globules. Cerium has the pre- 
cise properties given by Wohler, burning with explosive 
violence. 

Mallet has described an aluminum nitride obtained by 
acting upon sodium carbonate by metallic aluminum at 
high temperatures. The remaining metallic regulus showed 
projecting crystalline points, which were separated by solu- 
tion in hydrochloric acid and examined. They were appar- 
ently short rhombic prisms, with dihedral summits of a 
bright honey yellow color and translucent. They were 
brittle and not hard enough to scratch glass. On exposure 
to the air for a week or two, ammonia is evolved and alu- 
mina is left. Fused with caustic alkali, ammonia is given 
off and an alkali aluminate formed. Analysis showed 67.9 
to 68.27 per cent. of aluminum and 31.73 to 32.1 per cent. 
of nitrogen, corresponding very well with the formula 
Al,N,, which requires 66.18 per cent. of aluminum and 
33.82 per cent. of nitrogen. 

Gladstone and Tribe have continued their researches on 
the simultaneous action of iodine and of aluminum upon 
ether and compound ethers. With ether the experiment 
was made by taking twenty cubic centimeters and adding 
to it twenty-seven grams of iodine and two grams of finely 
cut aluminum foil. The temperature rose at once, and the 
ether began soon to boil violently, being prevented from 
escaping only by an inverted condenser. Ethyl iodide and 
aluminum iodo-ethylate were the only products. The com- 
pound ethers used were the acetates of ethyl and amyl, and 
the results of the reaction were aluminum acetate and io- 
dide of the alcohol radical. The authors use these reactions 
to explain the action of aluminum and iodine upon water. 
Heumann has succeeded in producing an ultramarine con- 

taining silver in place of sodium by heating the blue ultra- 
marine with a concentrated solution of silver nitrate in seal- 
ed tubes to 120° Fahr. for several hours. The product, wash- 
ed with boiling water, and separated by agitation from the 
metallic silver, appeared under a magnifier as a perfectly uni- 
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form powder, consisting of lemon-yellow clear grains, with- 
out crystalline form. Analysis showed them to contain for- 
ty-elght per cent. of silver. 

Boisbaudran, in a paper on the physical properties of his 
new metal, gallium, states that it fuses at about +29.5°, and 
therefore liquefies readily when held in the hand. It main- 
tains the liquid condition with great persistence, a fragment 
having remained liquid for the month of February, capable of 
being united and separated, like mercury. When solid it is 
remarkably hard, resembling aluminum. It crystallizes read- 
ily, does not oxidize at a red heat, and is not volatile. Its 
density is 4.7, approximately. 

Boisbaudran subsequently presented to the French Acad- 
emy a specimen of gallium crystallized in the form of octa- 
hedrons truncated at the base. They appear to be clino- 
rhombic. 

Cresti has described a very delicate test for copper. Two 
small wires, one of zinc the other of platinum, connected at 
one end, are placed in the solution suspected to contain this 
metal. A black deposit appears on the platinum wire. To 
test this, it is washed and placed while still moist in a mixt- 
ure of hydrogen-bromide gas and bromine vapor (such as is 
obtained by acting on potassium bromide by strong sulphu- 
ric acid). The deposit, if copper, becomes a deep violet liquid, 
especially distinct when placed on a white plate, which the 
author believes to be a solution of cuprous bromide in hy- 
drogen bromide. Copper may thus be detected in a few 
cubic centimeters of a one-millionth solution. 
Thudichum and Hake have made a series of experiments 

on metallic copper and its power of occluding hydrogen, 
with a view to test the question of its influence upon the ac- 
curacy of those organic analyses in which it is used. From 
the results obtained they conclude (1) that copper-wire gauze 
which has never been used, when oxidized and subsequently 
reduced in a current of hydrogen, being allowed to cool in 
the gas, occludes a very appreciable amount of it, being 
about 0.6 milligram per 100 grams of copper ; and (2) that 
the gauze loses this property after several repetitions of the 
process. The error introduced into analysis is therefore triv- 
ial. 

Eccles, working in Thorpe’s laboratory, has found that the 
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copper-zine couple of Gladstone and Tribe reduces potas- 
sium chlorate readily, but is entirely without action on the 
perchlorate. By means of this reaction he has studied the 
character of the decomposition of the chlorate by heat, and 
proves that no perchlorate is formed when manganese diox- 
ide is used. 

Shaw and Carnelley have examined the question of the 
protecting action of copper sulphide upon metallic copper. 
Two pieces of this metal were taken, exactly alike, one of 
them immersed in dilute ammonium sulphide till coated with 
copper sulphide, and then both placed in water, with and 
without access of air, and in various saline solutions, The 
results showed that previous washing with ammonium sul- 
phide increases the action of distilled water on copper when 
exposed in open vessels, but lessens it when air is excluded, 
while in the case of saline solutions the action is diminished 
even when air has free access. 

Muir has studied the action of various saline solutions upon 
lead, from which he draws the general conclusion that the 
action upon lead of those saline solutions which he has exam- 
ined results, in the first place, in the production of a salt other 
than the hydrocarbonate; that carbon dioxide, slowly ab- 
sorbed from the air, produces hydrocarbonate, which is pre- 
cipitated ; and that certain salts, such as ammonium nitrate 
and calcium chloride, accelerate the production of the soluble 
lead salt. 
Hermann has made an extended investigation on the tanta- 

lum group of metals, and has discovered a new metal in this 
group, which he calls Weptuniwm, and which has an atomic 
weight of 118. The mineral in which the metal was detect- 
ed was columbite, from Haddam, Connecticut. 

The same investigator takes occasion to reaffirm the gen- 
uineness of his discovery of another metallic element, Z/me- 
nium, announced some years ago. This announcement was 
at the time strongly opposed by the eminent chemists Rose 
and Marignac, and with such plausibility that Hermann pub- 
licly withdrew his claim to a new discovery. Hermann, in 
the same publication in which he announces the discovery 
of neptunium, takes occasion to reaffirm the genuineness of 
his former discovery of ilmenium, and points out that his emi- 
nent critics were in error, having been misled by employing 
impure materials. 
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Close upon the above-named highly important announce- 
ments of Hermann comes the publication of a communication 
by M. Prat, made to the Société des Sciences Physique et 
Naturelles de Bordeaux, in which he claims also to have dis- 
covered a new metallic element, which he names (in honor 
of Lavoisier) Lavoesium. The author appears to have iso- 
lated the metal, which is described to possess a silvery white 
color and eminent malleability. It forms crystaliizable and 
colorless salts. It appears, according to the author, to be 
related to copper in many of its reactions. He affirms, how- 
ever, that its spectroscopic behavior, its silvery white coior, 
and its reactions with ammonia and ferro-cyanide of potas- 
sium constitute properties which distinguish it from every 
other known metal. 

Duvillier has proposed a process for recovering from plati- 
num precipitates and residues the metal contained in them, 
which consists in placing them in a boiling solution of sodium 
hydrate, to which is gradually added a solution of sodium 
formate. The liquid effervesces and deposits the platinum 
in a pulverulent form, whence it can be converted directly 
into chloride. 

H, Sainte-Claire Deville and Debray have prepared ruthe- 
nium in a pure form, and have carefully examined its proper- 
ties. Its density they find to be 12.261. A number of new 
compounds of this metal are described. They also prepared 
pure osmium, and find that is the heaviest of the platinum 
metals, its density being 22.447. 

ORGANIC. 

Kopfer has proposed the use of finely divided platinum, 
either in the form of sponge or black, for the filling of com- 
bustion tubes in organic analysis, instead of copper oxide, 
the combustion being carried on in astream of oxygen. For 
ordinary purposes the tube is only thirty-five centimeters 
long, fifteen centimeters being filled with the platinum mixed 
with asbestus, Only three burners are necessary to heat the 
tube, a fourth being used to heat the substance. The results 
obtained by the method are apparently good. 

Friedel and Crafts have proposed a new and general method 
for the synthesis of hydrocarbons, which consists simply in 
treating organic chlorides with aluminum chloride. If a 
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mixture of a hydrocarbon and a chloride be treated in this 
way, as, for example, a solution of amyl chloride in benzene, 
hydrogen chloride gas is evolved, and the liquid separates into 
two layers, the upper containing the resulting hydrocarbon— 
in this case amyl-benzene, dissolved in the excess of benzene 
—and the lower the unaltered aluminum chloride. Ethyl- 
benzene, methyl-benzene (toluene), dimethyl-benzene (xy- 
lene), trimethyl-benzene (mesitylene), tetramethyl- benzene 
(durene), diphenyl- methane, triphenyl- methane, and even 
tetraphenyl-methane have been made in this way, as well 
as benzophenone, acetophenone, phthalophenone, anthraqui- 
none, and other acetones. The chlorides of zine and of iron 
(ferric chloride) have a similar but less energetic action. 

Latschinoff has proposed to establish a new series of ho- 
mologous bodies, the successive terms of which shall differ 
from the preceding ones by C;Hg, instead of CH,, as in or- 
dinary homologues. Camphor and the terpenes belong to 
such a series, and hence the author proposes to denominate 
the series a ter-homologous or a campho-homologous series. 

Pierre has communicated to the French Academy his ex- 
periments to test the question of the existence of sugar in the 
leaves of the sugar-beet, where it is undoubtedly elaborated. 
The difficulty of extracting the sugar as such led him to adopt 
the much simpler method of fermenting the entire juice, dis- 
tilling off the alcohol, and calculating from this the amount 
of sugar present. From 158 kilograms of leaves, coarsely 
chopped, thirty to thirty-five liters of juice were expressed, 
which, after fermentation for five or six days, yielded on 
distillation 275 cubic centimeters of alcohol of 68 per cent., 
corresponding to 198 cubic centimeters of absolute alcohol. 
Hence the leaves from one hectare of ground would yield 173 
liters of absolute alcohol. This corresponds to 350 kilograms 
of sugar per hectare. 

Prunier has continued his researches upon quercite, and 
has obtained other products than benzene in reacting upon 
it by excess of hydriodic acid. Among these are hexyl hy- 
dride, quinone and hydroquinone, and phenol. The author 
hence regards this sugar as intermediate between the fatty 
and the aromatic series. 

Beute has identified the sugar obtained by boiling carra- 
geen moss with very dilute sulphuric acid for a long time 
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with levulose. It reduces silver and copper solutions, forms 
oxalic acid when oxidized by nitric acid, does not crystallize, 
and rotates the polarized ray to the left, though its rotatory 
power appears to be weak. 

KXrusemann has studied the reduction-products of levulose, 
and at the same time those of glucose, in order to compare 
these two sugars together. The reduction was effected by 
sodium-amalgam, and the substance obtained was the same for 
both, and identical with mannite. The constitutional formu- 
la proposed by Fittig for this body will require modification. 

Berthelot several years ago discovered a new complex su- 
gar in the Briangon manna, an exudation from the larch, to 
which he gave the name of melezitose. Villiers has now iden- 
tified with this a sugar obtained from Lahore, and there 
known as turanjbin, being an exudation from Aldbagi mau- 
morum, a spiny bush belonging to the leguminosee. 

Vincent has examined the products obtained by the dry 
distillation, in close vessels, of the residue left after ferment- 
ing beet-root molasses, called vinasse. He has identified 
methylamine, methyl alcohol, sulphide and cyanide, hydro- 
cyanic acid, formic, acetic, propionic, butyric, valeric, and 
caproic acids, phenol, and a series of liquid bases. 

Brunner and Brandenburg have succeeded in detecting 
succinic acid in the juice of unripe grapes. They were led to 
examine for it by the fact that nascent hydrogen, acting on 
ethyl oxalate, produced tartaric acid and glycolic acid. The 
same reduction process the authors believe, therefore, to go 
on in the plant. 
Hermann has observed an interesting and novel formation 

of salicylic acid by the prolonged action of sodium on suc- 
cinic ether. Since succinic acid belongs to the fatty series, 
while salicylic acid belongs to the aromatic, the result is a 
conversion of one into the other—a rare thing in organic 
chemistry. Moreover, the constitution of the former enables 
that of the latter to be fixed with certainty. 

Perkin has effected a simpler synthesis of coumarin (the 
odorous principle of the Tonka-bean, the melilot, ete.) by boil- 
ing salicyl hydride with acetic oxide and sodium acetate. 
With other aromatic aldehydes other syntheses were effected, 
some of them of great interest. 

Baeyer, the successor of Liebig at Munich, has published 

'» 
“j 
4, 
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an extended memoir on the reaction of phthalic acid with the 
phenols, by which the curious new class of coloring matters, 
of which fluorescein and eosin are examples, are produced. 
Several new bodies belonging to the phthalins and phtha- 
leins of these phenols are described, the paper being one of 
great interest. 

Kriiger, a German chemist, suggests the substitution of 
fluorescein in place of litmus as an indicator in titration. 
The beautiful fluorescence of this substance completely dis- 
appears in the presence of the slightest trace of acid, and as 
quickly reappears in the presence of free alkali. The changes 
are marked and characteristic. Free carbonic and acetic 
acids, however, do not affect the solution. The reagent can 
readily be used with colored solutions. 
Lippmann and Hawliczek have made an accurate compar- 

ison between the benzoic aldehyde of bitter-almond oil, from 
the almond, and that obtained synthetically from toluene. 
The two bodies were found to be both chemically and phys- 
ically identical. 
Gnehm some years ago discovered a new orange coloring 

matter, dipicrylamine, or more properly hexanitrodiphenyla- 
mine, the ammonium salt of which was, in 1874, brought into 
commerce. But quite unexpectedly its manufacture had to 
be intermitted because of its action upon the skin, which was 
strongly irritating, producing an eruption resembling that 
caused by croton-oil or tartar-emetic ointment. Finding 
now the new coloring matter in the market under the name 
of Aurantia, he calls attention to its poisonous properties. 
To this, Martius, one of the firm making it, replies, saying 
that any such effects are due either to impurities or to the 
idiosyncrasies of the persons poisoned, his product never 
having given any complaint. Gnehm in his answer men- 
tions establishments where both his coloring matter and after- 
wards aurantia were used; in both cases the workmen were 
covered with the eruption of the skin spoken of. 

Dale and Schorlemmer have shown that red aurin, or 
peonin, as it is sometimes called, may readily be converted 
into rosaniline. If it be heated to 150° for some days with 
alcoholic ammonia, or for twenty hours to 120° with aque- 
ous ammonia, a yellow solution is obtained, which contains 
a crystalline base, and deposits it on cooling. This base is 
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identical with rosaniline, giving the well-known fuchsin red 
with acetic acid, and yielding Hofmann’s violet, aniline green, 
and aniline blue. 

Wright has made a careful study of the alkaloids con- 
tained in the aconite family of plants. He finds in the roots 
of A. napellus the well-crystallized aconitine; though some- 
times roots purchased for those of this species yield a bitter 
inert base, which he calls picraconitine. An uncrystallizable 
base is probably also present. The alkaloid of A. ferow is 
quite unlike aconitine, and is called pseudaconitine by 
Wright. He suggests that the numerous uncrystallizable 
products said to have been obtained from aconite were pro- 
duced in the processes of extraction used. 

Hesse has communicated a preliminary note, in which he 
says he has found, in a rare cusco bark, an alkaloid which ap- 
pears to agree with the cusconine of Leverkéhn, and to be 
closely allied to the aricine of Howard. 

Glenard has investigated the alkaloid of ipecacuanha, eme- 
tine. It was obtained in small hemispherical warty crystal- 
line masses, which, on purification, gave milk-white crystals. 
From the analysis of the alkaloid itself and of its chlorhy- 
drate, the formula C,,H,.NO, is assigned to it. 

PHYSIOLOGICAL. 

Church has isolated and investigated the intense red color- 
ing matter of Coleus verschaffeltii, using for this purpose 
half a hundred-weight of the plants. During the crushing 
process, alcohol mixed with sulphuric acid is added, and the 
crimson solution is filtered, shaken with barium carbonate, 
and the alcohol removed by distillation. A mass of deep 
red resinous substance sinks to the bottom, which is the 
coloring matter in question. When purified, it forms a brit- 
tle solid of resinous aspect, reddish purple in color, soluble in 
alcohol, slightly in water, having the composition C,)H,,0;. 
The author believes it identical with many other red coloring 
matters of plants, especially with the cenolin extracted from 
red wine. 

Bougarel has discovered anew red coloring matter in 
plants, which accompanies the chlorophyll, and which he 
calls erythrophyll. For preparing it, young peach leaves 
were extracted first with ether, the ether poured off, and 
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then with alcohol, and allowed to stand. After two days 
brilliant tabular crystals, green by reflected, red by trans- 
mitted light, appeared, which were soluble in benzene and 
chloroform with a red color. 
Kosman has discovered in the buds of trees and the young 

leaves of many plants a natural ferment, which is capable of 
transforming cane-sugar into glucose, of converting starch 
into dextrin and glucose, and of resolving glucosides into 
glucose and some other body. The ferment was observed 
in the buds of elm, poplar, oak, and filbert, in the flowers of 
dogwood and the plum, and in the young leaves of chelido- 
nium and digitalis. 

Boussingault has detected the presence of sugar in the 
petals of several flowers, varying in amount from 7.22 per 
cent. in the oleander, through 5.00 in orange petals, 4.42 in 
portulacea, 3.80 in acacia petals, 3.40 in rose petals, 2.60 in 
lily petals, and 2.20 in rhododendron petals, to 1.44 in those 
of magnolia. 

Pfliiger has studied the influence of respiration on the 
metamorphosis of tissue, and maintains, in opposition to the 
view generally held, that the respiratory mechanism has no 
influence on the amount of the total tissue metamorphosis. 
With rabbits, he found that the absorption of oxygen in 
ordinary respiration is the same as during the most active 
artificial respiration. He believes that the amount of oxy- 
gen absorbed is a better index of the change of tissue than 
the carbon dioxide eliminated. 

Cloéz has detected copper in the blood of two male deer 
killed wild in the woods. In the first case no special precau- 
tions were taken, but in the second the process was conduct- 
ed with the greatest care, and three milligrams of copper ox- 
ide were obtained from 530 grams of blood. In the opinion 
of the author, the question of its origin is an interesting one, 
since the metal could have come only from the vegetables 
eaten or the water drunk by the animal. 

Radziszewski has observed that light is emitted when cer- 
tain aldehydes in alcoholic solution are agitated with potas- 
sium hydrate. He suggests that the phosphorescence of ma- 
rine animals may be due to the formic aldehyde they excrete, 
which, oxidizing to formic acid, produces the sensation of 
stinging which they exhibit. 

G 
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A series of experiments has been made by Vogel on the 
spectroscopic detection of carbonous oxide by means of a 
solution of blood. While the spectrum of pure blood is 
characterized by two bands in the green and yellow, which 
bands disappear and give a single broader band by the ac- 
tion of ammonium sulphide, blood which has absorbed ear- 
bonous oxide gas shows two similar but slightly more re- 
frangible bands, not changing by ammonium sulphide. From 
his experiments, the author infers that he can detect 0.8 of 
one per cent. by volume of carbonous oxide in atmospheric 
air in this way with perfect certainty. 

Cazeneuve has prepared pure hematin by treating defibrin- 
ated blood by commercial ether for twenty-four hours, then 
with more ether containing two per cent. of oxalic acid. This 
ether being saturated exactly with ether containing ammo- 
nia, deposits the hematin in flocks, which is purified by wash- 
ing in water, alcohol, and ether. It combines with the ha- 
loid acids to form crystallized salts, and has the formula 
CygHoNgFe.0,). Concentrated hydrochloric acid splits it 
into two red bodies, one containing 37.62 per cent. of iron, 
the other 2.08 per cent. 

TECHNICAL. 

Berthelot has investigated more extensively the occurrence 
of benzene in coal-gas. Its presence there is due to the high 
temperature of the carbonization as well as to the prolonged 
heat, during which an equilibrium is established between the 
various hydrocarbons. If the distillation be effected at a 
low red heat, the gas may differ in its composition. The au- 
thor’s experiments were directed to ascertain experimentally 
the reliability of the method used by him in his analysis, @. e., 
absorbing the benzene vapor by fuming nitric acid. The re- 
sults of direct tests and also of endiometric comparisons 
were favorable, and established his assertion that in Paris 
gas benzene is the principal illuminant. 

Humpidge, under Frankland’s direction, has analyzed and 
tested the gas of London. He finds (1) that the gas now is 
no better than that analyzed by Frankland twenty-five years 
ago, and (2) that the apparent increase in its illuminating 
power is due solely to improvements in the test burner. 

Mendelejeff has proposed a new hypothesis of the origin 
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of petroleum. Starting with the nebular hypothesis, the au- 
thor regards the interior of the earth as metallic, doubtless 
composed largely of iron and carbides of iron. Through 
rents made by earthquakes, water gained access to these 
bodies at a high temperature and under great pressure ; and 
by their mutual chemical action metallic oxides and satu- 
rated hydrocarbons resulted. These latter, carried by wa- 
tery vapor, have spread themselves through the overlying 
rocks. He gives various geological and chemical facts which 
go to sustain his hypothesis. 

Coquillion has reinvestigated the conditions under which a 
mixture of fire-damp and air explodes, originally determined 
by Davy. He finds the minimum quantity of air which will 
cause an explosion, when mixed with one volume of marsh 
gas, to be six volumes, and the maximum quantity sixteen 
volumes—a very wide range. He also observed that while 
the mixture producing the most violent explosion could be 
readily ignited by a flame or an electric spark, an ignited 
palladium wire, carried even to whiteness, caused no explo- 
sion, but only a rapid diminution of the gases. 

Lawrence Smith has described, in the Annales de Chimie 
et de Physique, the gas-wells of Pennsylvania, giving analyses 
of the gases evolved, made for the State Geological Survey 
by Professor Sadtler, of the University of Pennsylvania. 
The marsh gas varies in these products from 60 to 89 per 
cent., the hydrogen from 4.79 to 22.5 per cent., and the ethyl- 
ene from 4.39 to 18.12 per cent. Carbonic acid is also pres- 
ent. 

A committee of the Paris Board of Health has just made a 
report to the Prefect of Police upon cremation, conceding its 
feasibility and general advantages, but objecting that it is 
too ready a means of concealing the evidence of crime. 

Gladstone has examined some candles recovered from the 
wreck of a vessel sunk off the Spanish coast in 1702,and which 
have been in sea-water for 173 years. He found that about 
half the fat had been converted into soaps of calcium and so- 
dium by the slow replacement of the glycerin. The calcium 
salt was in excess of the sodium salt. 
Boutmy and Fancher have proposed a new plan for the 

manufacture of nitroglycerin, by which they have succeeded 
in making it in large quantities without developing the heat 
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which is so dangerous to the ordinary process. First, sulpho- 
elyceric acid is made by treating glycerin of 30° by three 
times its weight of sulphuric acid of 66°. Second, nitro- 
sulphuric acid is made by mixing equal weights of nitric acid 
at 48° and sulphuric acid at 66°. After cooling these liquids 
separately, they are mixed so as to get 100 parts of glycerin, 
280 of nitric acid, and 600 of sulphuric acid. The temperature 
never rises more than 10° to 15°, and the nitroglycerin may 
be directly decanted and washed. The yield is from 160 to 
195 per cent. 

A paper has appeared by Bischof, giving the results of his 
examination of a considerable white efflorescence upon the 
outside of a tube which had been employed for eight months 
in conveying aqueduct water into a cistern, the tube being 
alternately exposed and immersed. The powder was lead 
carbonate and sulphate. On analyzing the tube itself, it 
was found to contain 1.7 per cent. of antimony. The author 
attributes the rapid corrosion to the presence of this metal, 
and considers the use of lead alloys for tubes for conveying 
drinking-water to be reprehensible. 

Heeren has examined various kinds of caoutchoue to ascer- 
tain their solvency in coal-tar benzene. He finds the most 
soluble to be that of Guayaquil, of which benzene dissolves 
20 per cent.; while that of Para has only 17 per cent. of sol- 
uble matter; Africa, 12.7; Rangoon, 9.1; and Madagascar, 
5.7. Obviously this gum must be, therefore, a mixture of 
several different chemical substances. 

Berthelot has given a description and an analysis of an an- 
cient wine, fifteen or sixteen centuries old, obtained from an 
hermetically sealed earthenware vase in the Borely Museum 
at Marseilles. It came originally from Aliscamps, near 
Arles, in a vicinity used as a cemetery during the Roman 
epoch. It contained about twenty-five cubic centimeters 
of a yellowish liquid of a vinous aromatic odor and a hot, 
strong taste. On analysis it yielded, per liter, 45 centimeters 
of alcohol, 3.6 grams fixed acids (calculated as tartaric), 0.6 
hydropotassium tartrate, 1.2 acetic acid, calcium tartrate and 
acetic ether, traces. The wine appears to have been buried 
with the dead. 

Baudrimont has given a simple method for recognizing the 
presence of fuchsin (aniline-red) in wine. A drop is placed 
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on the hand and allowed to remain there a few seconds. 
On removing the wine, a mark is left which cannot be washed 
out with water. 

Jacquemin has examined the methods proposed for the 
detection of fuchsin in wine, founded on its tinctorial power. 
As is well known, this substance is extensively used for this 
purpose. Pyroxylin and wool may be dyed directly in the 
wine, but to prove the presence of fuchsin finally, the ammo- 
nia process is necessary. 
Maumené has published an extended memoir on an im- 

proved method of alcoholometry for determining the strength 
of wines, by distilling them first after making them alkaline, 
and then the distillate after making it acid. The memoir 
discusses at length the effects of the various foreign matters 
present in wine upon the result, and concludes that the im- 
proved method leaves nothing to be desired. 

Erismann has investigated very thoroughly the question 
of the contamination of the air arising from artificial illumi- 
nation and the distribution of the carbon dioxide in close 
rooms. He finds that the injurious effect cannot always be 
calculated from the absolute amount of carbon dioxide pres- 
ent, since the quantity of the illuminating substance which 
always escapes unburned is variable with the temperature 
and the illuminant used. Moreover, the contamination bears 
no necessary relation to the amount of light obtained. The 
conclusions reached are: Ist, in every case of artificial illu- 
mination the air of a close room contains more carbon diox- 
ide and organic matter than when no light is present; 2d, 
the proportion of marsh gas to carbon dioxide varies, not 
only with the nature of the burning material, but also in 
different strata of the air of the room when the same ma- 
terial is employed, the ratio being never constant; 3d, air 
should never contain more than 0.6 or, at most, 0.7 per 
thousand of carbon dioxide, otherwise products of imperfect 
combustion are present in large quantity; though, on the 
other hand, a small quantity of this gas is no evidence of 
freedom from these; 4th, the position of the air-stratum in 
which most products of combustion are found depends on 
the nature of the burning material, the higher strata being 
most impure when candles are employed, though the larger 
part of the carbon dioxide from combustion is removed by 
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ventilation ; and, 5th, petroleum, when burned in well-con- 
structed lamps, gives rise to less carbon dioxide, and, what 
is more important, to less imperfectly burned matter, than 
any other illuminating agent. For equal light, stearin can- 
dles render the air most impure, the proportion for petro- 
leum, gas, oil, and candles being 1:4:4:7. An ordinary 
room of a capacity of 100 cubic meters would contain, if 
lighted with petroleum (the light being equal to six candles), 
56 cubic centimeters of carbon dioxide and 1.7 of marsh gas; 
if lighted with gas, 47 and 6.9 cubic centimeters; with oil, 
109 and 7.2 cubic centimeters; and with candles, 125 and 
18.7 cubic centimeters; the cost of the petroleum for 24 
hours being 5 cents, of the gas 13 cents, of the oil (rape oil) 
15 cents, and of the candles 72 cents. 

Coquillion has proposed a new method for detecting and 
estimating the amount of fire-damp in mines. As is well 
known, the blue aureole which surrounds the flame of the 
safety-lamp when in an explosive atmosphere is the only 
means at present in use for ascertaining the presence of 
fire-damp, but this requires at least 6 to 8 per cent. of marsh 
gas to produce the effect. The new method is founded on 
the fact, first observed by him, that hydrogen and hydro- 
carbons generally are completely burned in presence of oxy- 
gen, and without detonation, by means of a palladium wire 
brought to a white heat. The carbon dioxide thus gener- 
ated is afterwards estimated in a graduated tube. Two 
pieces of apparatus have been made—one for use in the 
mine, which detects the carbon dioxide produced by the in- 
candescent palladium, and thus shows the fire-damp; the 
other for use above ground, in determining accurately the 
amount present. 

Bischof has examined the action of spongy iron upon the 
low forms of organic life which form the specific poison of 
cholera, typhoid fever, ete. He finds that bacteria are ren- 
dered permanently harmless when passing into water through 
spongy iron. Even effluent sewage water, after passing 
through the spongy iron, remained perfectly clear for five 
years, though exposed to both light and air, The author 
asserts that the action of this material consists largely in the 
reduction of the ferric hydrate, the ferrous compound result- 
ing being again oxidized by the oxygen in the water. 
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YaLeE CoLLece, New Haven, CONNECTICUT. 

RECENT PUBLICATIONS. 

Prominent among the contributions of the past year to the 
literature of mineralogy stands the tenth edition of Nau- 
mann’s standard work. It is not too much to say that, since 
the publication of the first edition in 1846, it has always 
occupied the foremost place among German Mineralogies, 
The author closed his long and active career in November, 
1873, just as the ninth edition of his work had been given to 
the public. The present edition has been prepared by Pro- 
fessor Zirkel, of Leipsic, well known for his many contribu- 
tions to the subject of microscopical lithology. He has re- 
tained the general arrangement of the book, but has changed 
the method of classification, adopting the much-to-be-pre- 
ferred chemical system in the place of that employed by 
Naumann. This, it need hardly be added, increases much 
the value of the work. 
A second volume of Rosenbusch’s “ Mikroskopische Physi- 

ographie der Mineralien und Gesteine” has recently appear- 
ed. The first volume, devoted to the description of the mi- 
croscopical characters of the important minerals, was publish- 
ed in 1873. The second part of the work is somewhat more 
extensive than the former, running to about six hundred 
pages, and is devoted to lithology. Both volumes derive 
much of their value from the fact that they embody the re- 
sults of the author’s own extended researches. Professor 
Zepharovich, of Prague, has edited a series of large crystal- 
lographical figures designed for class instruction. They in- 
clude the most important crystalline forms under the differ- 
ent systems, and are drawn on so large a scale as to be 
adapted for wall-charts, in which form they will doubtless 
be found very useful. 

The publication of a new edition of Kenngott’s Mineralo- 
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gy, and the appearance of a mineralogical treatise by Pisani 
in Paris, are also deserving of mention. 

In this country there has appeared a second “Report of the 
Mineralogy of Pennsylvania,” by Dr. F. A. Genth; also Dana’s 
“'Text-book of Mineralogy,” a work of about five hundred 
pages; and a new edition of Weisbach’s Tables edited by 
Professor Frazer. 

The new journal (Zeitschrift fiir Krystallographie) pub- 
lished by Professor Groth in Strasburg has now completed 
its first year, and has more than fulfilled the promises of the 
prospectus alluded to in the last volume of the Record. The 
first volume, in six numbers, covers about six hundred and 
fifty pages, with a large number of plates. It contains many 
valuable papers, as would be expected; but, perhaps more 
important than these, it includes also abstracts of most of 
the mineralogical memoirs published during the year, not 
only in other German periodicals, but also in English, Amer- 
ican, French, Italian, Spanish, and Swedish journals. It thus 
furnishes a quite complete record of the progress of the sci- 
ence during the year. 

The Mineralogical Society of Great Britain and Ireland 
has now issued six numbers, containing the records of its 
meetings, and also a number of original contributions. 

FOREIGN RESEARCHES. 

Of the many foreign mineralogical memoirs, mention can 
be made only of a very few; reference must rather be made 
for them to the journals that have been spoken of, as well as 
to the many other older and well-known publications. A list 
of the new species which have been described is given on a 
following page. 

Mr. H. C. Sorby has added to his many important memoirs 
a most valuable research—* On the Determination of the Chief 
Optical Constants of Minerals by Means of a New Class of 
Optical Properties.” It is published in No.6 of the Miner- 
alogical Magazine. The method consists in the determina- 
tion, in thin sections of minerals, of their mean refractive 
index by simple observations with the microscope. Briefly 
described, this is done by measuring the amount of displace- 
ment which the focus of a certain object, as a set of finely 
ruled parallel lines on glass, suffers when a highly refractive 
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transparent substance is placed over it. This measurement 
is obtained by determining with an appropriate scale (to 
toon Of an inch) the distance which the body of the micro- 
scope must be moved to bring the original object into focus. 
When this distance is known, and also the thickness of the 
object in hand, the index of refraction may be calculated by 
a simple equation. Mr. Sorby describes the method in full, 
showing how readily it may be applied and with what use- 
ful results. He also discusses some phenomena which were 
observed in the course of his experiments, and which led to 
the discovery of “a new class of optical properties.” These 
phenomena are fully explained, in accordance with the known 
laws of refraction, by Professor Stokes in the Proceedings of 
the Royal Society, to which it is here only possible to make 
reference. 

Des Cloizeaux has continued his optical examination of the 
feldspars, and has come to the interesting result that there ex- 
ists a triclinic potash feldspar, having identically the same 
composition with the monoclinic potash feldspar — ortho- 
clase. The new species is called by him microcline. He 
shows, moreover, that these two feldspars generally occur 
crystallized together, the one interpenetrating the other, 
often in successive parallel bands. The beautiful green 
feldspar called amazonstone is conspicuous for this associa- 
tion of the two species: it is also true of the chesterlite of 
Pennsylvania, and specimens from many other localities. 
On the other hand, the feldspar enclosing egirite from Mag- 
net Cove, Arkansas, is found to be pure microcline. 

Another extended work on the feldspar group has been 
published by Professor Szabo, of Buda-Pesth, Hungary. His 
object is to make it possible to distinguish between the dif- 
ferent species as they occur in rocks. The method is based 
upon Bunsen’s “ Flame-reactions.” It consists in part upon 
the accurate determination of the degree of fusibility, and in 
part upon the degree of coloration given to the flame, under 
different conditions, from which the amounts of sodium and 
potassium are estimated. The system is an ingenious one, 
and has been most carefully elaborated by the author; but 
it may be well questioned whether in hands less skilful than 
his it would yield any valuable results. 

The important group of minerals embraced under the gen- 
G2 
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eral term of micas has been the object of some profound in- 
vestigations by Kokscharof and Tschermak. Hitherto it has 
been customary to regard part of the micas as hexagonal 
(e. g., biotite) and others as orthorhombic (e. g., muscovite). 
The conclusion reached by Kokscharof, after the examination 
of many specimens of the different species, and a very long 
series of measurements, is that “ the species are all monoclinic 
with an angle of 90° 0’ 0".” T’schermak concludes also that 
all the species belong to the monoclinic system, and assigns 
to them an angle of obliquity differing by’a minute only 
from 90°. The latter mineralogist has also investigated 
with great care and minuteness the optical properties of the 
different species, and finds in them conclusive evidence of the 
monoclinic character of the crystals. He divides the species 
into two groups, according as the plane of the optic axis is 
(1) perpendicular, or (2) parallel, to the plane of symmetry. 
The first class includes the species muscovite, lepidolite, pa- 
ragonite, and margarite, and a portion of the biotites to 
which he gives the name aromite. The second class includes 
phlogopite, lepidomelane, zinnwaldite, and the larger part of 
the magnesia-micas, or biotite, to which he gives Breithaupt’s 
old name, meroxene. The second part of Tschermak’s paper, 
including the discussion of the chemical composition of the 
species, has yet to appear, and will be looked for with interest. 

Dr, Scharff, of Frankfort, has. published another of his val- 
uable crystallogenic memoirs upon ealcite. He discusses 
the interior relation between the different crystalline forms 
of the species, and deduces from them some conclusions in 
regard to the genetic origin of the crystals. 

Of other important memoirs may be mentioned that of 
Schrauf upon the crystallography of brookite and of lanar- 
kite; by Vom Rath, upon the crystalline form of gold, upon 
rutile, etc.; of Striiver, upon the minerals of Latium. 

AMERICAN RESEARCHES. 

A considerable number of new minerals, described by 
American mineralogists, are included in the following list. 
In addition to them, many other papers of more or less im- 
portance have been published. 

The rare minerals of the tantalite and columbite group, 
spoken of in a former issue of the Record as having been 
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discovered in North Carolina, have been the object of sev- 
eral researches. Dr. Smith has published an extended paper 
upon this subject. He describes and gives analyses of the 
columbite from Mitchell County, N. C., and also that asso- 
ciated with the Colorado amazonstone; of the samarskite of 
the same locality (first analyzed by Miss Ellen H. Swallow) ; 
of a mineral he calls euxenite. He also makes two new min- 
erals, hatchettolite and rogersite, mentioned below. He, more- 
over, describes the fergusonite from the granite of Rockport, 
Mass. 

Professor O. D. Allen has also published analyses of the 
samarskite and hatchettolite, which serve to fix their chem- 
ical character, as he gives the first determination of the 
amount of tantalic acid in each. Professor Delafontaine 
has investigated the samarskite, and announces that he finds 
in it about 25 per cent. of tantalic acid, a small percentage 
of thorium and didymium, also a little erbia, and more of the 
earth called by him ¢erdza. 

In connection with the above minerals, it is interesting to 
note the discovery, by Professor Eugene A. Smith, of the 
mineral tantalite in Alabama; and, by Professor W. C. Kerr, 
of several uranium minerals at the samarskite localities in 
Mitchell County, N. C. These are uranium mica, gummite, 
and uraconite (uranium ochre). Further than this, another 
new columbite, sipylite, is mentioned in the list beyond as 
having been described by Professor Mallet from the allanite 
locality in Virginia. 

Dr. F. A. Genth has published another memoir upon Amer- 
ican tellurium and vanadium minerals. He describes several 
new species—coloradoite, magnolite, ferro-tellurite (mention- 
ed below)—and also describes the occurrence of native tel- 
lurium, tellurite, hessite, and calaverite from several new 
localities in Colorado. He mentions, too, the discovery of a 
green mineral, allied to the vanadium silicate roscoelite, from 
the Magnolia District, Col. 

The same author, in the second “ Report of the Mineralogy 
of Pennsylvania,” publishes an analysis of the feldspar called 
cassinite, by Dr. Lea, showing that it contains 3.7 per cent. 
of baryta. This point is of special interest, as Des Cloizeaux 
has also recently mentioned the occurrence of a feldspar con- 
taining 7.3 per cent. of the same earth. 
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Professor B, Silliman has described an interesting and rare 
occurrence of gold interspersed in massive scheelite from 
Charity Mine, Warren’s, Idaho Territory; and also another 
similar case from the Golden Queen Mine, Lake County, Col., 
where the gold appears in minute crystalline granules in the 
scheelite. 

Mr. Samuel L. Penfield has given an analysis of the triphy- 
lite from Grafton, N. H., which serves to establish the correct 
formula of the mineral. 

Professor A. H. Chester has shown that the so-called pega- 
nite of Arkansas is identical with the mineral called varis- 
cite by Breithaupt, and callainite by Damour. He has also 
described a remarkable fibrous variety of sepiolite from Utah, 
some of which is colored bright green by oxide of copper. 

Dr. KKoenig has described the occurrence of the rare min- 
erals astrophyllite and arfvedsonite from El Paso County, 
Col., and has given analyses of both, as also of the zircon 
associated with them. He has also identified the new min- 
eral strengite (see beyond) at Rockbridge, Va., and has pub- 
lished the results of a crystallographical and chemical exam- 
ination of it. He has also given the name protovermiculite 
(see beyond) to a hydrated mica. 

Professor G. C. Broadhead has described remarkable crys- 
tals of barite from the Last Chance Mine, Morgan County, 
Mo., and also the occurrence of gédthite in limestone concre- 
tions from Adair County, Mo. 

Garnets of the variety melanite have been found associated 
in an interesting way with magnetite, apatite, and altered 
pyroxene on the surfaces of the columnar trap of East Rock, 
New Haven, Conn.; and also the variety of garnet called 
topazolite, having a complex crystalline form, at the junction 
of the trap and sandstone of Mill Rock, New Haven. 

Professor H. Carrington Bolton has made an extended ex- 
amination of the effect of organic acids upon a large number 
of different minerals. The results are varied and interest- 
ing, and suggestions are made from them in regard to the 
application of some of the acids in the determination of min- 
erals. Mr. J. H. Caswell has added to Professor Bolton’s 
paper a description of the microscopic crystals produced in 
some of the reactions. 
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NEW MINERAL SPECIES. 

The following is a list of the species recently introduced 
as new into mineralogy. ‘They are arranged, for convenience 
of reference, in alphabetical order : 
Aglaite.—A hydrous silicate from Chesterfield, Mass.; de- 

scribed by Julien. Related to pihlite (cymatolite of Shepard). 
Amesite.—Described by Professor Shepard as occurring 

with diaspore at Chester, Mass. It is found in hexagonal 
plates and in foliated masses, having the color and lustre of 
some green tale. An analysis by M. Pisani, of Paris, shows 
the mineral to be a hydrous silicate of iron, aluminum, and 
magnesium. It is remarkable for the low percentage of silica 
(22 per cent.). 
Anomite.—A name given by Tschermak to a portion of 

the biotite micas, particularly those of Lake Baikal, in the 
Ural. They are distinguished optically, as explained above, 
from the others which he embraces under the name of me- 
rowene, 

Arsenargentite.—According to Hannay, an arsenide of sil- 
ver (Ag,As). It occurs in orthorhombic crystals, of acicular 
form, in a mass of metallic arsenic, associated also with some 
rose quartz. Locality uncertain—perhaps Freiberg. 
Bismutospherite.—A carbonate of bismuth found at Neu- 

stidtel, near Schneeberg, Saxony. It appears in spherical 
and hemispherical forms with concentric structure. The 
color varies from yellow to brown and black. The specific 
gravity is high—viz., 7.3. According to Weisbach, who de- 
scribes the species, it is identical with the original “ arsen- 
ical bismuth” of Werner. 
Bowlingite.—A problematical species from Bowling, on the 

Clyde, in Scotland. It is probably a decomposition prod- 
uct of the mineral chrysolite. It has a deep-green color, is 
semi-transparent, and has the hardness and feel of steatite. 
An analysis of the mineral by Hannay, and another by 
Young, give very different results, so that no dependence 
can be placed upon the species. 

Bunsenine; Krennerite.—A telluride of gold from Nag- 
yag, in Transylvania, has been called “ Bunsenin” by Kren- 
ner, As the name Bunsenite has already been given to 
another mineral, Vom Rath has proposed to eall the new 
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species Avennerite. It occurs with sylvanite and petzite in 
minute silver- white crystals, which have been thoroughly 
described by Vom Rath. 

Coloradoite.—Found with native gold and tellurium at 
several mines in Boulder County, Col. It is,as described by 
Dr. F. A. Genth, a telluride of mercury (HgTe) analogous to 
the long-known sulphide (cinnabar) and selenide of mercury 
(tiemannite). It is found only massive, without cleavage, 
and has a metallic lustre and iron-black color. The specific 
gravity is 8.627. 

Cryptocallite.—A new hydrous silicate of zinc and alumi- 
num, described by Dr. G, E. Moore as occurring at the zine- 
mines of Franklin, N. J. 

Cuspidine.—A fluo-silicate of calcium, described by Scac- 
chi, who discovered it at Vesuvius. It appears in spear- 
shaped crystals of a pale-red color. 
Dysanalyte—Found in cubical crystals in the granular 

limestone of the Kaiserstuhlgebirge in Breisgau, where it 
has long been known under the name of perofskite. Knop 
finds it, on analysis, to be a columbo-titanate of iron, calcium, 
cerium, and sodium, and separates it from allied species un- 
der the name of dysanalyte. This name refers to the difi- 
culty involved in the chemical analysis of the mineral. 

Elroquite.—A problematical phosphate of iron and alumi- 
num, named by Professor Shepard. It occurs on the island 
of Elroque, Caribbean Sea. It is massive, and has an apple- 
green to gray color: the green color is attributed to chromi- 
um in combination with phosphoric acid, and the compound 
is called phosphochromite. 

Finysite.-—Occurs in stalactitic forms, of a bluish-green col- 
or, in a cave at St. Agnes, Cornwall. Its most prominent 
constituents are copper, alumina, water, and sulphuric acid 
(8 per cent.). It is supposed by Collins, the describer, to be 
of comparatively recent origin. 

Ferrotellurite. —Observed by Dr. Genth as a crystalline 
coating on quartz, from the Keystone Mine, Colorado, Un- 
der the microscope it is seen to consist of minute prismatic 
crystals of a yellow color. In composition it is probably a 
tellurate of iron. 

Franklandite.—A hydrous borate of sodium and calcium, 
found with ulexite at Tarapaca, Peru. Described by Profess- 
or J. Emerson Reynolds. 
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Ginilsite—A name given by Rammelsberg to a massive 
mineral from the Ginilsalp in Graubiinden, Switzerland. Its 
color is grayish-yellow, and its most prominent constituents 
are silica, lime, and iron, together with smaller amounts of 
alumina and magnesia, and 3 per cent. of water. 

Guanajuatite—The mineral frenzelite, mentioned in the 
ftecord for 1876, was described under the name of guanajua- 
tite by Professor Fernandez in 1873, and the latter name has 
consequently the prior claim. 
Haddamite.—A mineral occurring imbedded in the Had- 

dam columbite, and believed by Shepard to be distinct from 
microlite. 

Hatchettolite.—A name given by Dr. J. Lawrence Smith to 
a mineral occurring in regular octahedrons with the samar- 
skite of Mitchell County, N.C. It has a yellowish-brown 
color and resinous lustre. Analyses by Dr. Smith, and a 
later and more complete analysis by Professor O. D. Allen, 
show the mineral to be essentially a tantalo-columbate of 
uranium and calcium, containing also some water, iron, and 
less than 2 per cent. of titanic acid. It is named in honor of 
the English chemist Hatchett, who discovered the element 
columbium. 

Henwoodite.—Essentially a hydrous phosphate of alumi- 
num and copper; described by Collins from the West Phe- 
nix Mine in Cornwall. It occurs in globular masses of a tur- 
quois-blue color on limonite. 

Heterolite.— Closely associated (hence the name from 
érapoc, companion) with chalcophanite at the zinc-mines of 
Sterling Hill, N. J. It occurs in botryoidal coatings, of a 
black color. In composition it is, according to Dr. Moore, a 
zine hausmannite. 
Heubachite.—A hydrated oxide of cobalt and nickel; de- 

scribed by Sandberger as occurring in thin coatings on ba- 
rite at the mines in Heubach, near Wittichen, Baden. 

Hexagonite.—Described as a new mineral by Goldsmith, 
but shown by Koenig to be a manganesian variety of tremo- 
lite, from St. Lawrence County, N. Y. 
Homilite.—Found in orthorhombic crystals, of a brownish- 

black color, at Stockoe, near Brevig, Norway. In composition, 
according to Paijkull, it is allied to datolite, being a silicate 
of calcium and iron containing 18 per cent. of boracic acid. 
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Hydrocastorite.—A decomposition product of the castorite 
of Elba, which it surrounds as a white mealy coating. An 
analysis by Grattarola shows it to consist of silica, alumina, 
lime, and water. 

LEHydroniccite.—(See niccochromite, below.) 
Krennerite.—(See bunsenine, page 157.) 
Lawrencite—A name given by M. Daubrée, in honor of 

Dr. J. Lawrence Smith, to the protochloride of iron, which 
he has separated from the Greenland iron. 
Ludlamite.—A hydrous phosphate of iron, allied to vivian- 

ite, occurring in small monoclinic crystals, of a clear green 
color; described by Field from the mines of Cornwall, Eng- 
land. 

Magnolite.—Occurs in white silky needles, having, accord- 
ing to Dr. Genth, the composition of a tellurate of mercury. 
Locality, Keystone Mine, Magnolia District, Col. 
Meroxene.—An old name of Breithaupt, now given by 

Tschermak to a part of the biotite micas. (See above, aio- 
mite.) 

Microcline.—A name early given to a variety of ortho- 
clase: it is now appropriated by M. Des Cloizeaux for a 
feldspar identical in composition with orthoclase, but ¢ri- 
clinic in torm. It includes the feldspar enclosing egirite 
from Magnet Cove, Ark.; and is intimately associated with 
orthoclase at many localities, conspicuously so in the beau- 
tiful amazonstone of Colorado. 

Neochrysolite—A manganesian variety of chrysolite, de- 
scribed by Scacchi as occurring in cavities in the lava of 
1631 at Vesuvius. 
Niccochromite.—Occurs as a thin yellow coating on chro- 

mite at Texas, Pa.; supposed by Professor Shepard to be a 
dichromate of nickel. Another associated mineral is regard- 
ed as a hydrate of nickel, and the name hydroniccite is sug- 
gested for it. 
Pelagite.— A provisional name, proposed by Professor 

Church, for the material constituting the “ manganese nod- 
ules” obtained by the Challenger in deep-sea soundings in 
the Pacific. They contain manganese, iron, alumina, and 
silica. 

Phosphochromite.—(See Elroquite, page 158.) 
Plumbomanganite.—A mineral examined and named by 
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Hannay. Color, dark steel-gray; composition, a sulphide 
of lead and manganese; locality unknown. 
Protovermiculite.— A hydrous micaceous mineral from 

Magnet Cove, Ark.; closely related to culsageeite ; described 
by Dr. Koenig. 

Polydimite.— Occurs in regular octahedrons, of a steel- 
gray color and brilliant metallic lustre. According to Las- 
peyres, it is essentially a sulphide of nickel (K,8,), though 
quite distinct from millerite. Locality, Sayn-Altenkirchen. 

Logersite.—A new hydrous columbate of yttria, named by 
Dr. J. L. Smith in honor of Professor William B. Rogers. It 
occurs as a white incrustation, with mammillary structure, 
upon the samarskite of Mitchell County, N.C. 

Silaonite.—A selenide of bismuth (Bi,Se); described by 
Professor Fernandez as occurring with guanajuatite at the 
mines of Guanajuato, Mexico. 

Sipylite—A new columbate, of complex composition, oc- 
curring, as described by Professor Mallet, with allanite of 
Amherst County, Va. It contains as bases zirconium, erbi- 
um, yttrium, lanthanum, cerium, didymium, uranium, iron, 
and calcium, with smaller amounts of other elements. It 
occurs indistinctly crystallized, has a brownish-black color 
and a resinous lustre. Its specific gravity is 4.89. It is re- 
markable for glowing very brilliantly in the blowpipe flame. 

Sonomaite.—A hydrous sulphate of aluminum and mag- 
nesium collected near the geysers of Sonoma County, Cal., 
and described by E. Goldsmith. It appears in colorless 
crystalline masses with silky lustre. 
Spherocobaltite.—F ound in spheroidal forms, with roselite, 

at Schneeberg, Saxony. Its color is rose-red, and in compo- 
sition it is a carbonate of cobalt (CoCO,). Described by 
Weisbach. 

Strengite.—A hydrous phosphate of iron, allied to scoro- 
dite. It occurs with cacoxenite in spherical incrustations of 
a generally white color. Described by Nies as found at the 
iron-mines near Giessen, Hesse; and since identified by Koe- 
nig from Rockbridge County, Va. 
Semikite—A hydrous sulphate of manganese; described 

by Schroeckinger as occurring in stalactitic forms at Felso- 
banya, in Transylvania. 

Uranocircite.—Described by Dr. Weisbach as a hydrous 
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phosphate of uranium and barium, in appearance very sim- 
ilar to autunite. Occurs in quartz veins in the granite of 
Falkenstein, Saxon Voigtland. 

Venerite—A name given by Dr. T. Sterry Hunt to a hy- 
drous silicate of copper, which forms the mass of the “ clay 
ore” mined in Berks County, Pa. 

Waluerite.—A hydrous silicate of aluminum, calcium, and 
magnesium, allied to xanthophyllite; in external appearance 
very similar to clinochlore. Described by Kokscharof as. 
occurring near Achmatowsk, in the Southern Ural. 

Youngite.—A hypothetical mineral of unknown locality, 
supposed by Hannay to be a sulphide of zinc, manganese, 
and lead. 
Zircarbite. —A massive yellowish-brown mineral, of un- 

known chemical composition, occurring at the granite quar- 
ries of Rockport, Mass. Named by Professor Shepard. 

METEORITES. 

M. Daubrée has carried on a series of experiments with 
dynamite, investigating the effects produced upon a block 
of steel when a charge has been exploded upon it under dif- 
ferent conditions. The object of these experiments was to 
obtain an explanation for some of the most commonly occur- 
ring characters of meteorites. The result of his investiga- 
tions showed that the effects produced upon the steel which 
had been subjected to the explosion were throughout com- 
parable to those produced upon the meteorites by their pas- 
sage through the atmosphere of the earth. This was true of 
the irregular fragments formed, the pitted condition of the 
surface, the striations of the surfaces which had been rubbed 
together, the cracks, and the marbled surfaces. 

The conclusion to which he comes, from the facts that have 
been stated, is that the meteorites owe their distinctive char- 
acters to the pressure of the atmosphere against them, as 
they move through it with immense velocity, and to the heat 
thus generated—this pressure being analogous to that which 
acted upon the steel at the moment of the explosion of the 
dynamite. 

The so-called meteoric iron of Ovifak, near Disco, Green- 
land, has been the subject of several recent papers. A prom- 
inent one by Steenstrup deserves to be mentioned. He de- 
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scribes the method of occurrence of the iron very fully (he 
had twice visited the locality), and shows conclusively that 
the doubts that have been expressed in regard to the mete- 
oric character of the iron were well founded, and that the 
iron is most certainly of terrestrial origin. The presence 
of the iron in the basalt is explained by the supposition 
that it has in part been brought up with the basalt, and 
in part formed subsequently in it by a process of deoxida- 
tion through organic matter. In support of the latter view, 
the writer mentions that with the native iron in the basalt, 
both at Aussuk and Ovifak, occurs a considerable amount 
of graphite. 

It is interesting to note in this connection, though having 
nothing to do with meteorites, that Mr. G. W. Hawes has 
shown that native iron occurs in grains distinguishable un- 
der the microscope in the labradorite rock from the Wash- 
ington River, in the White Mountains. 

Of the meteorites which have been described during the 
past year, several deserve especial mention. M. Daubrée has 
described a meteoric stone which fell at Feid-Chair, province 
of Constantine, Algiers. The fall was accompanied by a loud 
noise, and the stone struck with such violence as to bury it- 
self in the earth to a depth of nearly one hundred feet. It 
proved to belong to the class of meteorites which contain 
but little iron, the mass being made up of gray doubly-re- 
fracting silicates—probably chrysolite and enstatite. The 
same author has also published an analysis of a new mete- 
oric iron from Santa Catarina, Brazil. It is remarkable for 
containing a larger amount of nickel (34 per cent.) than any 
other iron which has been described. It exhibited fine Wid- 
mannstittean figures, contains niccoliferous magnetic pyr- 
ites and graphite, and is covered with a thin but firm crust 
of crystallized magnetite. 
A most interesting meteorite fell on the 21st of December, 

1876, at Rochester, Fulton County, Ind. The meteor, or bo- 
lide, of which it was a part was observed in many places in 
the West in its passage eastward over the states of Kansas, 
Missouri, Illinois, Indiana, and Ohio. In the words of Dr. 
Smith, “the pyrotechnic display is said to have been tran- 
scendently beautiful, hardly equalled or surpassed by any 
previous occurrence of the kind.” It was described as a 
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fire-ball surpassing the moon in apparent magnitude, follow- 
ed by a great number of smaller meteors. An observer in 
Columbus, O., stated that “the color of the light was yellow- 
ish-red, resembling the light from the red balls of fire thrown 
out by the explosion of'some kinds of fire-rockets.” Although 
the display occasioned by the passage of the meteor through 
the air was so brilliant, only a very small fragment seems to 
have reached the earth: this was found by Mr. Norris lying 
on the surface of the snow near where he had noticed it to 
fall. It weighed about three fourths of a pound. The de- 
scription of the stone as given by Professor Shepard and 
Dr. Smith shows it to be remarkable for its coarse pisolitic 
structure, resembling, according to the latter, the meteorite 
of Aussun, France. 
Two other meteorites have been described by Dr. Smith 

as having fallen within a month of the one which has just 
been mentioned. These are the meteorites of Warrenton, 
Mo., and of Cynthiana, Ky. The former fell about sunrise 
on the 3d of January, 1877. In its passage through the 
air it produced a noise similar to the whistle of a distant 
locomotive; and in falling struck a tree, breaking off some 
of the limbs. When it reached the ground it was broken 
into a number of pieces, which were picked up while still 
warm. Some ten or fifteen pounds have been preserved. 
The stone has a uniform dark ash color, and is soft and easily 
crushed, which accounts for its being so much fractured in 
falling. 

The bolide of which the Cynthiana meteorite was a part 
was seen brilliantly over portions of Indiana and Kentucky. 
The fall was accompanied with considerable noise, producing 
much consternation among the inhabitants of the surround- 
ing country. The stone was,seen to strike the earth, and 
was immediately dug up from a depth of thirteen inches, to 
which it had buried itself. Its weight was about fourteen 
pounds. In character it much resembled the well-known 
meteorite of Parnallee, India. 

Dr. Smith has also published accounts of the Waconda, 
Ks., meteoric stone discovered in 1876, but the date of 
whose fall is not known; also of the Bates County, Mo., me- 
teoric iron (1875), and that of Rockingham County, N. C., 
discovered in 1863. 
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GEOLOGY. 

By T. STERRY HUNT, LL.D., F.R.S., 

ProressoR or GEoLoay, InstituTE or TEcHNoLoGy, Boston, Mass. 

GEOLOGY OF NEWFOUNDLAND. 

The progress of geological investigation in North America 
may be conveniently introduced by considering some of the 
results of the labors of Mr. Alexander Murray in Newfound- 
land, which is geologically as well as geographically a con- 
tinuation of the Atlantic belt of continental North America. 
Mr. Murray’s geological map of the island, published within 
the last year, together with his annual reports, and some re- 
cent notes of Mr. Milne, edited by Murray, give the following 
facts not generally known. 

Besides the considerable areas of Laurentian gneiss long 
since recognized, accompanied in some places by the charac- 
teristic crystalline limestones, are areas of Norian or labra- 
dorite rocks. In addition to these, there is met with a great 
series, which, holding a position between the Laurentian and 
the Cambrian rocks, was by Murray designated as the Inter- 
mediate series, and regarded by him as equivalent to the 
Huronian, which he had formerly studied on the shores of 
Jakes Huron and Superior. These rocks are most widely 
developed in Newfoundland in the peninsula of Avalon, and 
are principally crystalline schists with quartzites and con- 
glomerates, including what have been called cherty and jas- 
pery beds. These latter, in some instances at least, the writer 
has found to be petrosilex rocks, like those of the continental 
portion of the Atlantic belt noticed in the report of last year 
(page xevi). This Huronian or Intermediate series has been 
described by Murray as carrying in Newfoundland organic 
forms— Avenicolites,and a patella-like shell (Aspidella). These 
are, however, found in beds referred to the summit of the 
series, and perhaps belong to the overlying Lower Cambrian 
strata, which rest upon the crystalline rocks in patches of 
varying extent, and consist of sandstones, conglomerates, and 
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roofing-slates, passing upwards, without any visible break, into 
the so-called Lower Potsdam beds. These are fossiliferous 
slates and conglomerates, to which a thickness of 5400 feet 
is ascribed. Above them are other fossiliferous strata, as- 
signed to the Calciferous sand-rock, to which succeeds a great 
mass of graptolitic slates referred to the Levis division of the 
so-called Quebec group, and containing the forms of the Arenig 
or Skiddaw of Great Britain. The fossiliferous strata of the 
Quebec group in Newfoundland are arranged in sharp folds 
running in a northeast direction, and are affected by great 
dislocations having a similar course. At the summit appears 
a great mass of what are described as igneous and magnesian 
rocks, composed of chloritic and hornblendic schists, with 
serpentines, which, according to Murray, seem “to be lapped 
over the inferior strata unconformably, and to come in con- 
tact with different members in different places.” This erys- 
talline series is identical with what had previously been 
described by the geological survey of Canada, both in the 
province of Quebec and in Newfoundland, as a part of the 
Quebec group in an altered state; the conformable succession 
being, in ascending order, according to Logan, Levis, Lauzon, 
and Sillery, so that these crystalline rocks were conceived to 
be the Lauzon and the Sillery in a metamorphosed condition. 
With this the observations of Murray are in contradiction. 
The Sillery which, in accordance with the views of Logan, 
should overlie conformably the magnesian series, or, rather, 
form its upper part, is found by Murray to overlie with perfect 
regularity the fossiliferous strata; but, in every case where 
a contact has been seen, the Sillery passes wnconformably be- 
neath the crystalline magnesian rocks. These, then, according 
to Murray, are not altered strata of the Quebec group, but a 
newer series resting in discordance upon it, eruptive in their 
origin, and intermediate in age between the time of the 
Quebec group and the Loraine shales. In fact, these crystal- 
line strata are found unconformably overlaid by fossiliferous 
strata belonging to the Loraine and Clinton periods. The 
succeeding Niagara formation is represented at White Bay 
by 2800 feet of conglomerates and slates with limestones, and 
the Devonian by about 3700 feet of sandstones and slates 
with plant-remains. The Carboniferous, which is found in 
southwestern Newfoundland, has in one place a thickness of 



GEOLOGY. 167 

over 6000 feet, and resembles closely that of Nova Scotia, in- 
cluding limestones and gypsums. The largest coal-seam 
found has a thickness of three and a half feet. The Carbonif- 
erous rocks rest upon the Laurentian and upon the Potsdam. 

These crystalline rocks, which overlie unconformably the 
uncrystalline Levis and Sillery beds, and are in their turn 
overlaid unconformably by the uncrystalline Loraine shales, 
are described in more detail as consisting, besides the rocks 
already mentioned, of greenish feldspathic and hornblendic 
rocks, serpentines, diallages, argillites, talcose and chloritic 
schists, and rusty- weathering dolomites. They include the 
great copper-mines of Tilt Cove and Terra Nova, and are 
identical with the crystalline Huronian rocks of the Atlantic 
belt. Reference to the Lecord for 1876 (page xeviil) will 
show the evidence there adduced in favor of the view that 
the Sillery is really a lower division than the Levis; that the 
unaltered Quebec group, as hitherto described, is an inverted 
series, the normal position of the Sillery being below, and not 
above, the fossiliferous Levis division; and, finally, that the 
so-called altered Quebec group is an older crystalline series. 
It is pretty evident to those who have studied critically the 

_ Atlantic belt that the apparent uncomformable superposition 
of these crystalline rocks to the Sillery and Levis in New- 
foundland is nothing more than the phenomenon—so often seen 
along this belt—of the older rocks overriding an overturned 
fold of the fossiliferous strata. It may be added, in this con- 
nection, that the work of the geological survey of Canada 
during the past year in the province of Quebec has shown 
the truth of the view so long maintained by the writer, that 
the crystalline schists of the Green Mountain belt are, in their 
normal position, found unconformably beneath the fossiliferous 
strata of the Quebec group. The relations sustained by them 
in Newfoundland to the Cambrian rocks, on the one hand, and 
the Siluro-Cambrian, on the other, can only be explained by 
admitting a period of disturbance, accompanied by folding, 
subsequent to the Chazy period and previous to the Loraine. 
This doubtless corresponds to the great continental move- 
ment, which, as we know, immediately preceded the deposi- 
tion of the Trenton limestone in the St. Lawrence valley. 

Milne, who has studied with Murray some of these points 
in the geology of Newfoundland, adopts the notion that the 
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whole of the crystalline series above noticed is of volcanic 
origin, and consists of the lava and ashes of volcanoes, which 
have since been altered into these crystalline schists. A like 
view of the origin of the similar Huronian rocks of Lake 
Superior was some years since put forth by Nicholson, and 
G. M. Dawson has also expressed the opinion that a series of 
rocks in British Columbia, apparently lithologically identical 
with these, is of Mesozoic age and of volcanic origin, There 
is nothing, however, in the chemical or lithological character 
of these rocks in central or in eastern America to support 
such an hypothesis, nor any good reason for believing in the 
possible transformation of lavas and volcanic ashes into such 
crystalline schists. These rocks, at least in the regions first 
mentioned, and in Europe, are Eozoic strata; and the various 
hypotheses of which, under the name of pietre verdi, they 
have been the subject in Italy for the last half century, are 
instructive in this connection (/tecord for 1876, pagec). From 
these ancient crystalline rocks, we pass, by a natural transi- 
tion, to the 

PRE-CAMBRIAN ROCKS OF WALES. 

Rising from below the Lower Cambrian (Harlech) strata 
at St. David’s, in South Wales, is a narrow ridge of erystal- 
line rocks, which was described by the geological survey of 
Great Britain as partly intrusive and partly altered Cam- 
brian strata. Later studies by Hicks and Harkness have, 
however, shown that these crystalline rocks are marked by 
bedding-planes, and belong to two unconformable stratified 
series, the upper of which contains pebbles of the lower, 
while the basal beds of the unconformably overlying Cam- 
brian present a conglomerate containing portions of both of 
these older series, which were clearly crystalline rocks before 
the deposition of the Cambrian. ‘To the lower erystalline 
series Hicks has given the name of Dimetian, from Dimetia, 
an ancient kingdom including this part of Wales; and to the 
upper that of Pebidian, from Pebidiauc, the Welsh name of 
the hundred or district. The Dimetian rocks, which have a 
northwest strike, are nearly vertical in attitude, and have an 
estimated thickness of 15,000 feet. They are deseribed as 
quartzose and feldspathic schistose strata, often greenish 
and purplish in color, with unctuous surfaces, besides thin 
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beds of impure dark-colored ferriferous limestone, holding a 
greenish mineral, designated as serpentine or chlorite. A sec- 
-tion from one of the more silicious beds showed by micro- 
scopic examination quartz and orthoclase interwoven as in 
a graphic granite, together with a plagioclase feldspar and 
chlorite. The rocks of the Pebidian series, which, with a 
northeast strike, rest unconformably upon the Dimetian, are 
usually nearly vertical and sometimes inverted in attitude. 
The portions exposed from beneath the overlapping Cam- 
brian strata show a thickness of about 3000 feet. Besides 
compact conglomerates, the materials of which are apparently 
derived from the ancient Dimetian series, the Pebidian rocks 
are somewhat vaguely described as consisting of stratified 
porcellanites, alternating with greenish and purplish schists. 
They are cut by dikes, which do not traverse the overlying 
Cambrian. Besides the locality at St. David’s, Hicks has rec- 
ognized several areas of Pebidian strata in that region, which 
have been heretofore mapped as altered Cambrian strata, 
and others which have been regarded as intrusive rocks. 

ROCKS OF THE ARDENNES. 

The crystalline rocks of the Ardennes have been the sub- 
ject of microscopic study by De la Vallée-Poussin and Renard, 
according to whom many rocks hitherto regarded as exotic 
or eruptive, including hornblendic, euritic, and porphyritic 
masses, are really indigenous rocks, interstratified with the 
schists and quartzites of the region. They infer that these 
rocks were of aqueous origin, and became crystalline soon: 
after their deposition. 

GEOLOGY OF VERMONT. 

J. D. Dana has called attention to the observations of the 
late Mr. Wing on the geology of Vermont. ‘The facts are, 
however, for the most part, not new, and Mr. Wing’s obser- 
vations were examined and discussed by Billings and the 
present writer in the American Journal of Science in 1868.- 
It has long been known that the folded strata along the west- 
ern base of the Green Mountains included fossiliferous rocks 
of Trenton age, both in New York and Vermont, and in the 
province of Quebec. In the latter region, strata supposed by 
Logan to be at the base of the Quebec group, and to under- 
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lie the whole Green Mountain series, are of Trenton age, and 
owe their apparent position to everturned folds, accompanied 
in some places, apparently, by dislocations. In the province 
of Quebec they are involved both with the older crystalline 
strata and the Upper Taconic, but farther south, in Vermont, 
with the Lower ‘Taconic series, which is, for the most part, 
concealed between Lake Champlain and Quebec. The crys- 
talline limestones of this latter series in western New Eng- 
land have, by different geologists within the last twenty 
years, been referred to the Quebec group, te the Trenton, and 
to the Niagara or Helderberg—a history recalling that of 
the similar limestones of Italy which is told in the last year’s 
Record (page xcix). In each case both stratigraphical and 
paleontological evidences have been appealed to in support 
of the various hypotheses, as in the similar and long-contest- 
ed problems relating to the rocks of the Maurienne and Ta- 
rentaise in the Alps. Fossiliferous strata included in folds, or 
in faults, are supposed to fix the age of the entire series; and 
the absence of fossils from the other parts of the section is 
accounted for by the assumed metamorphosis of these por- 
tions of the strata. In more cases than one in the history 
of these rocks, forms not of organic origin have done duty as 
fossil remains. It is instructive, in this connection, to note 
the observation of Dana, that some slaty quartzites inter- 
stratified with limestones in Vermont exhibited “forms that 
looked exceedingly like casts of a Meurotomaria and a Mur- 
chisonia, and of a valve of Orthis lynx.” 'These, however, he 
admits to be only “imitative forms,” due in some unexplain- 
ed way to concretion. There are also, according to him, sec- 
tions of long-chambered cylinders, as of “ crinoidal stems, yet 
having the chambers too large and irregular for any known 
crinoidal forms.” From supposed paleontological evidence, 
he now refers the whole belt of Lower Taconic rocks to the 
Champlain division, thus returning to the view long ago ad- 

vocated by Mather, but rejected by Logan in favor of one, 
and by Adams of another, hypothesis—each of which has 
found its advocates in turn. 

GEOLOGY OF WISCONSIN. 

Irving has discussed the subject (alluded to in the last year’s 
Necord) of the imagined Paleozoic age of the Huronian rocks 
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of Lake Superior, and declares that the facts now established 
in that region show (1) the existence of an ancient gneissic 
and granitic system, regarded as Laurentian, which is over- 
laid unconformably by (2) a series of quartzites, schists, and 
diorites, with limestones and some gneiss and granites, refer- 
red to the Huronian. This is followed, probably unconform- 
ably, by (3) the copper-bearing series (Keweenian), which 
includes greenstones and melaphyres, and also great thick- 
nesses of interstratified sandstones, shales, and amygdaloids, 
the whole having a thickness of several miles. ‘These are 
finally covered unconformably by a series of unaltered hori- 
zontal sandstones, including numerous fossils related to those 
of the Potsdam sandstone. Irving observes: “ As to any of 
the Wisconsin or Michigan crystalline rocks being altered 
equivalents of the Primordial and newer strata of the Eastern 
States, such an hypothesis is certainly untenable for a mo- 
ment.” And, while admitting that such things may be else- 
where, adds: “There certainly has been no period of meta- 
morphism in the region of the Northwestern States since the 
beginning of the Primordial.” Mr. Sweet, who has particu- 
larly studied the rocks of this region, finds the thickness of 
the Huronian, so far as observed, about 5000 feet. The 
Keweenian, which extends in the form of a great synclinal 
from Lake Superior westward across the whole State of Wis- 
consin into Minnesota (a length of over 300 miles, and from 
thirty to fifty miles wide), has a thickness of strata estimat- 
ed at not less than 40,000 or 50,000 feet. The trappean 
rocks of this series, as seen at the Falls of the St. Croix, 
were, by Owen, regarded as more recent than the Potsdam 
sandstone. It is, however, shown by Sweet that the trap- 
pean rocks in question not only belong to a stratified series, 
but that the basal beds of the sandstone resting upon them 
are in part made up of the ruins of these rocks. These sand- 
stones have yielded several species of Conocephalites, Agno- 
stus, and Dikellocephalus, besides Obolella and Lingulepis. 

EOZOIC ROCKS WEST OF THE MISSOURI. 

Hunt has published some preliminary observations on the 
crystalline rocks of certain parts of the Rocky Mountains. 
The gneisses in the Colorado range as seen in Clear Creek 
canon, and in the Sangre de Cristo range, near Garland, 
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have all the lithological characters of the Laurentian as dis- 
played in the Laurentides, the Adirondacks, and in the South 
Mountain between the Hudson and Schuylkill rivers. They 
consist of gneisses frequently granitoid, often hornblendie, 
but scarcely micaceous, which are penetrated in the vicinity 
of Georgetown, Colorado, by well-marked granitic masses— 
probably exotic. Similar gneissic rocks are found in Glen 
Kyrie and the Ute Pass, in Colorado, where large masses are 
often highly granitic in aspect, with rarely interbedded gneis- 
sic layers. These rocks, which the writer regards, with Mar- 
vine, as indigenous, had already been by the latter observer 
compared with the Laurentian. The red granitoid rocks at 
and near Sherman are also by Hunt regarded as Laurentian 
gneisses. Labradorite rocks having the characters of the 
Norian series, and associated, like that series in the east, 
with large masses of titanoferrite, are known in Wyoming 
Territory. 

The gneissic rocks of the Wahsatch range, as seen in the 
Devil’s Gate on the Weber River, are also Laurentian, to 
which are referred the similar stratified rocks found in the 
same range farther south, in the upper part of the Little Cot- 
tonwood cafion. Here, among loose blocks of the gneiss, 
are found occasional masses of coarsely crystalline limestone 
with mica, and varieties of pyroxenic rocks characteristic of 
the Laurentian. In the lower part of the same cafion are, 
however, well-marked eruptive granites. The crystalline 
schists met with at the western base of the Sierras in Ama- 
dor, Placer, and Nevada counties, in California, are described 
as having all the characters of the Huronian series as seen in 
Eastern North America and in the Alps. To this horizon, also, 
Hunt refers the similar crystalline rocks of the Coast range 
of California, as seen near San Francisco and near San José. 
The auriferous quartz veins in the counties above named are 
found traversing alike the Huronian schists and the granites 
of the region, which are, probably, newer than the schists. 

EOZOIC ROCKS OF THE BLUE RIDGE. 

Referring to the observations on the geology of North Car- 
olina in the Record for 1875 (page c), we may notice that 
Hunt has given a preliminary account of his late observa- 
tions in a section across the Blue Ridge through Mitchell 
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County, North Carolina. He finds that the gneisses of Roan 
Mountain, and the similar rocks at its western base, which 
include considerable masses of very pure magnetic iron ores, 
are Laurentian, but that there are indications of a belt of 
Huronian schists along the western border. These Lauren- 
tian gneisses to the eastward are succeeded by a great breadth 
of thin- bedded gneisses, with highly micaceous and horn- 
blendic schists, which he refers to the Montalban series, to 
which belongs the narrow belt of dunite or olivine rock found 
on the line of section near Bakersville. These Montalban 
strata are intersected by numerous endogenous granitie 
veins, which are extensively worked for mica, and yield, 
moreover, finely cleavable orthoclase and albite, together 
with beryl, apatite, and the rarer minerals autunite and 
sarmarskite. The rocks of this series, often decomposed to 
considerable depths, were found to occupy the greater part 
of the country as far east as Salisbury, interrupted near 
Statesville, however, by granitoid gneisses of Laurentian as- 
pect. The belt of granular quartzite associated with lime- 
stone, which is met with at the eastern base of the Blue 
tidge on the Catawba River, near Marion, is referred to the 
Lower Taconic, of which it has the characters. Portions of 
this quartzite are granular and flexible, and constitute the 
rock known as flexible sandstone, or itacolumite. This gran- 
ular quartzite is regarded by Hunt as identical with the 
Primal white sandstone of Pennsylvania. The gneisses of 
Bellisle, near Richmond, Virginia, are, according to this ob- 
server, to be referred to the Laurentian period. 

GEOLOGY OF THE CINCINNATI ANTICLINAL. 

Safford has pointed out the evidences that this anticlinal, 
which in Kentucky and Tennessee brings up between the 
Appalachian and Illinois coal-basins the limestones of the 
Trenton, was represented by an island during the Silurian 
age. There were two marked elevations along the line of 
this axis, of one of which Cincinnati is near the centre, while 
another is near Murfreesborough, Tennessee; a depression in 
Southern Kentucky separating the two. 

The summit of the Cambro-Silurian series, represented by 
the Cincinnati shales, the equivalent of the Utica and Loraine 
of New York, is in the southern area directly overlaid by the 
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black shales of the Devonian. The Medina, the Clinton for- 
mation, with its dyestone or fossiliferous iron ores, and the 
Niagara and Lower Helderberg groups, were not deposited 
over this island-area, and in approaching it thin out, as might 
be expected. During the Medina and Clinton periods the land 
extended far to the west, while during the Niagara and Lower 
Helderberg times the extension was more or less easterly. 

THE CARBONIFEROUS ROCKS IN KENTUCKY. 

Shaler has considered the question whether the Appalachi- 
an and Illinois coal-fields were at one time connected. Both 
of these, as is well known, extend into Kentucky, of which 
they occupy respectively the eastern and western portions, 
and are separated by an interval of about seventy miles in 
the centre of that state. He has found, in the progress of the 
geological survey of Kentucky, that there are everywhere 
across the area evidences that the coal-bearing strata were 
at one time continuous. In numerous localities, at altitudes 
of from 250 to 300 feet above the nearest streams, are found 
débris, evidently derived from the coal-formation. These 
include numerous masses of cannel-coal, with fragments of 
the characteristic sandstones and conglomerates, and in some 
cases organic remains, which leave no doubt that these were 
derived from rocks of the coal-period ; while farther to the 
southward were found evidences of the underlying millstone- 
grit. He points out that the conditions in which these oc- 
cur are such as to exclude the notion that they are of the 
nature of drift, and maintains that they have been left by 
the waste of these formations by atmospheric agencies. 

Newberry, in a recent report of his observations made 
in 1859, describes a similar remarkable example of erosion 
on a grand scale in the upper part of the Colorado plateau. 
Here, resting conformably upon the Carboniferous limestone, 
are the variegated sandstones and shales of the Lower Meso- 
zoic, Which pass upwards into the massive sandstones of the 
Lower Cretaceous. Above these were once spread not less 
than 2000 feet of soft shales belonging to the Middle and 
Upper Cretaceous, of which there now remain over great areas 
only occasional mounds of the strata, and vast numbers of 
organic remains scattered over the surface, the great mass 
of strata having been worn away by subaerial agencies. 
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THE ONTARIO SALT REGION. 

The existence of a salt-bearing horizon known as the Onon- 
daga or Salina formation, in the Silurian series in New York, 
between the Niagara and Lower Helderberg limestones, has 
long been recognized. The brines of Syracuse and its vicin- 
ity are, however, obtained not directly from this formation, 
but from an ancient gravel which fills an old lake-basin ex- 
cavated on the outcrop of this formation; and the existence 
of rock-salt at this horizon was not demonstrated. In 1866, 
however, Hunt described the occurrence of rock-salt, detected 
in a boring at Goderich, Ontario, on the east shore of Lake 
Huron, and expressed the opinion that the deposit occupied 
a position identical with that which supplies the brines of 
Syracuse. In 1876 a boring to explore this salt was made 
at Goderich with a diamond drill to the depth of 1517 feet 
in horizontal strata, and from the cores he has been enabled 
to study the geology of this deposit. The Oriskany sand- 
stone and the Lower Helderberg limestone, which are found 
in Eastern New York above the Salina formation, are here 
wanting, and the superficial strata at and near Goderich have 
been regarded by the geological survey of Canada as the 
base of the Upper Helderberg or Corniferous limestone. 
The salt was reached at a depth of 997 feet, beneath which 
were found 520 feet of red and brown marls, alternating with 
beds of anhydrite and rock-salt, the boring having been dis- 
continued without reaching the base of the formation. Six 
beds of salt were met with, the thickest two being about 
thirty-one and twenty-five feet—the latter exceedingly pure. 
Above the rock-salt are still 121 feet of variegated marls, 
making in all 641 feet, followed in ascending order by 243 
feet of dolomites with gypsum, making 884 feet supposed to 
belong to the Salina formation. To this sueceed 276 feet of 
limestone, with layers of chert and with fossil corals; and, 
finally, 278 feet of dolomites like those below the limestone, 
but without gypsum. The organic remains of the limestone, 
so far as can be ascertained from the cores got in boring, re- 
semble those of the Upper Helderberg, from which, however, 
they are separated by nearly 300 feet of dolomites, resem- 
bling those of the underlying Salina series, and perhaps cor- 
responding to the Water-lime beds of New York. It is sug- 
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gested, in explanation of this, that there was a temporary de- 
pression of this western salt-area, permitting the deposition 
of the lower fossiliferous limestones from the outer ocean, 
upon the saliferous series; after which a second movement 
of the surface excluded the ocean for a considerable period 
while the upper dolomites were laid down, to be in their turn 
covered by the Corniferous limestone. A shaft now being 
carried down for the purpose of working these beds of rock- 
salt will permit the paleontological study of the question. 

SUBTERRANEAN TEMPERATURE. 

The observations on the temperature made in the deep 
boring at Sperenberg, near Berlin, in Prussia, have of late 
attracted considerable attention. The depth penetrated here 
is 4052 Rhenish feet (4172 feet English), the whole distance 
being in rock-salt, with the exception of the first 283 feet, 
which were in gypsum and anhydrite. ‘The early observations 
were unsatisfactory, and, as since appears, incorrect. They 
showed a greatly diminished rate of increase in descending, 
from which Mohr reasoned to the absence of any subterra- 
nean heat. His conclusions are, however, rejected as falla- 
cious by Dunker, to whom we owe the observations on the 
temperatures in this boring. The first determinations of the 
latter were found to be vitiated by the circulation of water 
in the bores, which, it was shown, was the cause of a consid- 
erable reduction of temperature. This source of error was 
subsequently obviated by the use of plugs at suitable dis- 
tances; and, from the corrected observations thus obtained, 
it was found that although there were still considerable va- 
riations in the rate of increase, as determined for intervals of 
200 feet down to 3390, the mean rate of increase in the tem- 
perature was one degree of Fahrenheit for 50 Rhenish or 51.4 
English feet—a figure agreeing closely with those previously 
deduced from many observations in other localities. The 
rate of increase for the upper 700 feet, which were partly in 
eypsum and anhydrite, was found to be 3.24 degrees for 
each 100 feet, while for the distance from 2100 to 3390 feet 
it was only 1.49 degrees. From some recent experiments 
undertaken in connection with this problem, Herschel has 
found that the conductivity of rock-salt is exceedingly high, 
and, according to him, “theory shows that the rates of in- 
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crease in superimposed strata should be inversely as their 
conductivities ;” so that the more rapid increase of tempera- 

- ture in the upper 700 feet of the Sperenberg boring may be 
attributed to the relatively small conductivity of the gyp- 
sum and anhydrite. It is not impossible that heat evolved 
during the hydratation of the latter may have contributed 
to this result. 

Careful observations by Symons in a boring near London, 
at a depth of 1000 feet, extending over a period of eighteen 
months, show that the temperature at that depth, as might 
be expected, suffers no perceptible changes. 

TERTIARY FORMATION OF THE ARCTIC REGIONS. 

In connection with the discussion in the Lecord of last 
year (page cil), it may be noticed that Fr. Schmidt has sum- 
med up our knowledge of the Tertiary geology of the North. 
The Miocene there shows a great continental area character- 
ized by coal-seams and by a rich fauna, and is traced from 
the Amoor basin into Kamtchatka, Alaska, Vancouver's Isl- 
and, and eastward as far as Mackenzie River, Greenland, and 
Spitzbergen. The Pliocene was a marine deposit, and is not 
known in continental Siberia, but occurs in Sakhalin Island, 
in Kamtchatka, and the Aleutian Islands, and extends to Ore- 
gon and California. Of its fauna the greater number of spe- 
cies inhabit to-day the North Pacific, but some are found 
only in the Polar Sea and the North Atlantic. He concludes 
that the fauna of the two oceans was then more alike than at 
present, and that these were then more closely connected 
through the Polar Sea. 

FOSSIL FLORAS. 

Hleer, from his studies of the fossil floras of Greenland and 
Spitzbergen, concludes that the facts are against a gradual 
transformation of plant-types, since, in the Upper Cretaceous, 
dicotyledons suddenly appear in great variety, while other 
forms at this period disappear as rapidly. He supports the 
view of an arctic origin and a southern migration of plants, 
and declares that his investigations of the northern fossil 
floras do not indicate any alterations of climate or former ice- 
periods in these regions. He thus confirms the conclusions 
of Nordenskjéld as stated in the Record for 1876 (page cii). 

HY 
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J. W. Dawson has extended this conclusion as to the arctic 
origin of the Tertiary floras to those of more ancient periods, 
and concludes that the Silurian, Devonian, and Carbonifer- 
ous floras all entered the North American continent from the 
northeast, and that within the arctic circle was the great 
nursery in which the successive vegetations, from the oldest 
to the most recent, had their origin. 

ANCIENT ARCTIC CLIMATE. 

Dawson supposes that the subsequent change in climate in 
these northern regions was geographical rather than cosmi- 
cal, and that the arctic climate at the sea-level, as long taught 
by the present writer, never attained the point of glaciation 
until the end of the Tertiary time. 

In like manner, J. F.Campbell, abandoning his former views 
of a great ice-cap, now concludes that no geological record 
exists of any abnormal glacial periods colder than the world’s 
climate of to-day. Geographical changes affecting the rela- 
tions of sea and land, and elevating portions of the earth’s 
surface into regions of the atmosphere where perpetual frost 
prevails, will, according to him, account for all the phenomena. 

SUPPOSED DISPLACEMENT OF THE EARTH’S AXIS. 

J. W. Dawson calls attention to the well-known fact that 
not only the movement of successive floras in this continent, 
but the directions of the great accumulations of sediment 
throughout all these periods, as well as the great lines of 
plication of the strata, which depend upon these, coincide 
with the direction of the polar currents of to-day, and remarks 
that all these facts go to refute the notion, which has lately 
been resuscitated, of a change in the position of the earth’s 
axis of rotation—a view which, however conceivable to the 
astronomer and the physicist, cannot be admitted by the 
geologist, who sees, in the facts already set forth, the evi- 
dence that no considerable change of that kind can have taken 
place since the beginning of Paleozoic time. Polar currents 
seem to have been in all ages the potent agents in transport- 
ing the débris of older rocks towards the equator; while, on 
the other hand, as remarked by Dawson, the great organic 
limestones, which represent the contemporaneous food-bear- 
ing warm currents from equatorial regions, were deposited 

xpi 
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in the plateaus and in the bays of the Eozoic aud Paleozoic 
lands. See in this connection the same argument against 
a change of axis stated in the Jtecord for 1876 (page cii). 

AN ANCIENT ATLANTIC CONTINENT. 

The results of soundings over the bed of the Atlantic have 
made clear the existence through the middle of the ocean, 
extending from north to south, of a sunken ridge, often less 
than 1000 fathoms from the surface, while on either side the 
water has a depth of from 3000 to more than 3450 fathoms; 
so that the elevation of the ocean’s bottom required to make 
these depths dry land would bring up between them a moun- 
tain-range from 9000 to 15,000 feet in height. The higher 
points of this sunken ridge now form the islands of the 
Azores—St. Paul’s, Ascension, and Tristan d’Acunha. This 
discovery was, in a manner, anticipated in 1860 by Unger, 
who, from his studies of the Tertiary flora of Europe and 
America, was led to imagine a land connecting the two re- 
gions, over which the plants of North America had passed 
eastward, This, he supposed, might be the vanished Atlan- 
tis of which Plato has preserved the tradition. 

Other reasons have led geological observers to conclude 
that great areas of land existed in the Atlantic region in 
Paleozoic time; and the present writer, in 1872, urged the ex- 
istence of a Paleozoic Atlantis, from the ruins of which had 
been derived the enormous volumes of material which make 
up the uncrystalline rocks of Eastern North America. The 
Paleozoic sediments of these regions, many miles in thickness, 
must, as Hall and H. D. Rogers long since pointed out, have 
been derived from the waste of great areas of elevated land 
lying to the eastward. Clarence King has recently brought 
forward this doctrine in a forcible manner, and has described 
Pale-Atlantis as a land-area of continental magnitude, from 
which vast quantities of sediment were brought down by 
rivers and poured into the Palge-American ocean, upon the 
subsiding bottom of which were built up the thick Paleozoic 
formations which stretch throughout Eastern North America. 
He also claims the existence of a corresponding Pacific con- 
tinental area, which he names Palz-Pacifis. The lower Pa- 
leozoic rocks of Great Britain, when compared with those of 
Scandinavia and Russia, show a diminution in thickness in 
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going eastward not less remarkable than that observed in 
the opposite direction in the strata of the same age in North 
America. 

KUROPE AND ASIA IN THE GLACIAL PERIOD. 

Belt has put forward a theory with regard to the glacial 
period in Northern Europe. He supposes, with Croll, that 
the North Sea between Scandinavia and Scotland was at one 
time filled with ice, so that (Great Britain being then con- 
tinuous with the continent) the German Ocean was blocked 
up to the north, and formed a great lake, the waters of 
which found an outlet to the southwest, and gradually cut 
through the Straits of Dover. From the waters of this lake, 
which gradually became fresh, were deposited the clays of 
Southeastern England. The ice, as it advanced southward, 
reached the coast of Norfolk, and not only denuded and dis- 
turbed these clays, but, according to Belt, uplifted both the 
Cretaceous and Neocomian, and even forced the boulder- 
clay beneath their inclined strata. 

THE LOESS OF CENTRAL EUROPE. 

The alluvial deposit known as the loess, which attains a 
height of 900 feet above the sea on the Rhine and 1300 feet 
on the Danube, is, in the opinion of Belt, of glacial origin, 
and, in fact, the equivalent of the northern glacial drift, which 
passes gradually into the loess. The conditions which per- 
mitted the deposition of these were, according to Belt, 
brought about, not by a subsidence of the land, but by a 
great glacier which occupied the bed of the Atlantic to a 
height of about 1700 feet above the sea, damming back the 
rivers which drain the continent, and converting this into a 
vast lake, which was filled with icebergs. He has since ex- 
tended this hypothesis, and supposes that another great gla- 
cier extended down the North Pacific, arresting also the 
drainage of Asia. 

After the Miocene age, the Aralo-Caspian area was cut off 
from its connection with the Mediterranean, when the north- 
ern basin grew fresh, and discharged its waters to the north, 
until, by the accumulation of ice both in the Atlantic and 
the Pacific, the drainage of this region was checked, and 
there was formed a great lake, into which came the icebergs 
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from the north, depositing boulder-drift in the north and 
clay in the south of Russia. This state of things was finally 
put an end to by the cutting of the channel of the Bospho- 
rus, through which the waters found an exit southward. 

GLACIAL PHENOMENA AROUND LAKE ONTARIO. 

George J. Hinde has studied the Post-tertiary deposits near 
Toronto, which throw new light on the geology of that re- 
gion. The eroded Loraine or Cincinnati shales are here over- 
laid by a considerable thickness of boulder-clay, including a 
veritable pavement of striated boulders. Overlying this are 
thinly stratified sands and clays, which have a maximum 
thickness of 140 feet, and contain remains of plants, chiefly 
mosses, with some mollusks and crustacea, showing this to 
have been a lacustrine deposit. These are conformably over- 
laid by about forty feet of sand. Subsequent erosion has cut 
in one case a valley in these stratified deposits to a depth of 
more than one hundred feet, and the clay beds in the vicinity 
of the erosion are often curiously contorted. Over this is a 
second boulder-clay, filling up the depressions, and covering 
over the higher portions to a depth of seventy feet. This is, 
in its turn, overlaid by a second series of stratified clays with- 
out observed organic remains, upon which appears in one 
place a stratum of about thirty feet of what 1s regarded as a 
third deposit of boulder-clay, succeeded by stratified sands 
and gravels. 

To correlate these deposits, studied by Mr. Hinde, with the 
clays of the regions farther south and west will require 
further study. The evidence of more than one period of 
erosion. was many years since pointed out by the present 
writer, who showed the existence of a vast rock-basin cut 
out of the Devonian strata, and filled up with clays, out of 
which latter deposit the basin of Lake St. Clair and that of the 
southwestern half of Lake Erie were subsequently eroded, the 
stratified clays on the shores of the latter reaching to depths 
far below the bottom of the lake. 

GLACIAL PHENOMENA IN LABRADOR. 

Henry Youle Hind has studied the joint action on the 
Labrador coast of the polar current and of the sheets of ice 
called by the fishermen pans (@.¢., panes). These are great 
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tables or plates, varying from five to ten and twelve feet in 
thickness, and from a few square yards to many acres in ex- 
tent, which are formed by the breaking-up of the coast and 
bay-ice in the month of June. These sheets, when pressed 
to the coast by winds and urged by the unfailing arctic cur- 
rent from the northwest, rise over the low-lying shores and 
islands, removing every obstacle in their way, grinding and 
polishing the surface, and rounding into boulders the masses 
broken or torn from the cleavable rocks in their course. This 
process, with some interruption from winds, goes on for a 
month or six weeks every year,and the bottom of the sea, to 
the depth of twelve feet or more, exhibits white smooth sur- 
faces, which have been thus ground and planed by the action. 

Pan-ice, according to this observer, is now “exerting an 
abrading action over a vast coastal and submarine area 
throughout the shallow seas that fringe Labrador. Ina word, 
it is doing before our eyes, over a coast-line many hundred 
miles in length, what has been done in earlier times over 
a vast area of the North American continent, according as 
fresh surfaces, by a rise or subsidence of the land, were 
brought under the influence of pan-ice aided by an arctic 
current. The evidence of a gradual uplifting of this coast 
during the continuation of this process is seen in the smooth 
worn surfaces up to more than 600 feet above the present 
sea-level. The material pushed to and fro along a shallow 
sea-bottom by this action of ice must accumulate in subma- 
rine depressions in the form of boulder-clay, which, however, 
in a rising area, would, except where locally protected in 
deep valleys, be remodelled by the action of the waves.” To 
such an action he attributes the boulder-clays of Nova Scotia. 

Similar views of the action of shore-ice are urged by J. 
Milne, who, from his studies in Newfoundland and Labrador, 
as well as in Finland, concludes that many of the phenomena 
which some have referred to the action of an ice-cap, or a 
great extension of land-ice, are due to the action of coast-ice 
on an oscillating and especially on a rising submarine area. 
On the other hand, the phenomena described on the shores 
of Lake Ontario are strongly urged, by its advocates, in favor 
of the hypothesis of subaerial glaciation. 

\ 



HYDROGRA PHY. 

By FRANCIS M. GREEN, 
LIEUTENANT-COMMANDER, U.S.N. 

During the past year a large amount of work has been 
performed by hydrographic surveyors in different parts of 
the world, both in actual surveys and in preparing and pub- 
lishing the results; although the record of the year’s work 
does not show any one great task either commenced or 
brought to a conclusion, 

As heretofore, the English have accomplished more than 
any other nation, but American, French, German, Russian, 
Austrian, and Italian naval officers have also been steadily 
working to increase and perfect the knowledge of the shores 
and depths of the ocean. 

Owing to the very limited appropriations of money for the 
maintenance of all branches of the United States govern- 
ment for the past year, the operations of the United States 
Hydrographic Office and the United States Coast Survey 
have been very limited. 

For this reason no surveys of any consequence have been 
carried on by the Hydrographic Office. 

Forty-one new charts of various parts of the earth’s sur- 
face have, however, been compiled and published for the use 
of navigators; sailing directions for the coasts of the Medi- 
terranean Sea, the west coast of Africa, and the West Indies 
have been prepared and issued; and a very large number 
of notices of changes in the channels of navigation and of al- 
terations in lights, buoys, and other aids to navigation have 
been published. 
A careful examination of the singular bank discovered by 

Lieut.-Commander Gorringe, U.S.N., off Cape St. Vincent, has 
shown that the least depth on it is about thirty fathoms, so 
that it need not be feared as a danger to navigators. 

The late Commander Ryan, in the U.S.S. Huron, careful- 
ly determined the latitude and longitude of about twenty 
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points along the north shore of South America, besides gath- 
ering a large amount of valuable information regarding that 
coast, and, when lost with his ship, was proceeding to correct 
as many as possible of the discrepancies and errors known 
to exist in the charts of the island of Cuba. 
Commander Schley, U.S.N., is engaged in the U.S.S. Essex 

in running a line of deep-sea soundings from Liberia, by way 
of St. Helena, to Rio de Janeiro, a work which will give an 
entirely new cross-section of the South Atlantic Ocean. 

The work of determining by telegraph the differences of 
longitude between points in the West Indies and the United 
States having been completed, and the results published by 
the Hydrographic Office, the same officers of the United 
States Navy have commenced the measurement in the same 
way between Lisbon and Pernambuco, Rio de Janeiro, Monte 
Video, and Buenos Ayres, connecting at the latter point with 
the chain of longitudes measured by Dr. B. A. Gould from the 
Cordoba Observatory. 
Under the superintendence of the United States Coast Sur- 

vey the survey of the Gulf of Mexico is steadily progressing. 
Lieut.-Commander Sigsbee, U.S.N., in the steamer blake, to 
whom this extensive work is confided, has during the past 
season run 6600 miles of soundings, with an average of one 
sounding for every six and three-tenths miles, and using for 
all depths over one hundred fathoms the wire sounding-ma- 
chine devised by himself. Serial temperatures from surface 
to bottom were taken at two hundred and twenty-two locali- 
ties, while surface and bottom temperatures were taken at 
many more. Large numbers of specimens of bottom have 
been obtained for examination, as well as numerous speci- 
mens of water from various depths. 

During the coming season Lieut..Commander Sigsbee will 
extend the survey to that part of the Florida stream between 
the Florida reefs and the coast of Cuba, and will be accom- 
panied by Professor Alexander Agassiz. 

On the Atlantic coast the Coast Survey have prosecuted 
hydrographic surveys on the coast of Maine, on the south 
side of Long Island and in Long Island Sound, in the Cur- 
rituck, Albemarle, Pamlico, Core, and Bogue sounds, in the 
Florida channel, and in the Indian and St. Johns rivers, Flor- 
ida. 
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In the Gulf of Mexico, in addition to the deep-sea work 
performed by Lieut.-Commander Sigsbee, surveys have been 
prosecuted on the west coast of Florida, near Cedar Keys, 
and between St. Andrews and Pensacola, on the coast of 
Louisiana and in the Mississippi River. At the mouths of the 
Mississippi observations for currents, volume of discharge, 
changes of depth, ete., have been continued. 

On the Pacific coast work has progressed rapidly on the 
coasts of California, Oregon, and Washington Territory. 

Off-shore tidal-current observations have been continued, 
and ten tide gauges on shore have been constantly observed 
and recorded, in addition to those operated by hydrograph- 
ic parties. 

The work of compiling the Coast Pilot for the Atlantic 
coast and for the coast of Alaska has made steady progress, 
while a large force in the office has been constantly employ- 
ed in constructing charts from new surveys, and in the end- 
less work of correcting older chart-plates in accordance with 
recently discovered changes. 

An excellent précis of the work done by English Admiral- 
ty Surveyors is given in the Nautical Magazine for July, 
TS / 1. 

The constant demand for more exact information regard- 
ing very many partially surveyed regions, in order to devel- 
op new channels of commerce, is very great and is constantly 
increasing, and the world is indebted to English surveyors 
for an immense amount of valuable work in this direction. 

Owing to the sandy nature of the bottom at the mouths 
of several of the rivers and estuaries on the shores of Great 
Britain,it is necessary at frequent intervals to re-survey them. 

In Yarmouth harbor, at the mouth of the river Thames, 
in the Solway Firth, at the mouth of the river Tay, and 
at the mouth of the river Shannon, marked changes were 
found during the past year to have taken place in the chan- 
nels and shoals. 

In the Mediterranean, Captain Wharton, R.N., in H.M.S. 
Fawn, has continued the examination of the mouth of the 
Nile and the entrance to the Suez Canal. 
A considerable advance of the land is shown to have taken 

place at the Damietta mouth of the Nile, as compared with 
its condition in 1856. A careful examination of the depths 
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in the canal showed that the reports of its decrease in depth 
were without foundation. 

Captain Wharton states that at the season of highest Nile, 
the water at the Damietta mouth is so charged with mud 
that it forms a sort of breakwater for the region to leeward 
of it, the wind being powerless to raise it into waves. 

Passing into the Red Sea, Captain Wharton has done very 
valuable work in surveying an inshore route along the Af- 
rican coast, by which small vessels may avoid the stormy 
southerly winds and heavy sea prevalent during the summer 
months. 

At Mauritius, Lieutenant Coghlan, R.N., has commenced a 
much-needed survey of the shores of that island, no hydro- 
graphic survey ever having been made. 

In the China Sea, Commander Napier, in H. M. 8. Vassau, 
has done a large amount of work in Carimata and Hai-tan 
straits, as well as in the labyrinth of shoals and channels in 
the Strait of Malacca. 

On the coasts of Corea and Japan, Captain St. John, R.N., 
and the officers of H. M.S. Sylvéa, have surveyed and con- 
nected the numerous groups of islands lying between Japan 
and the northern parts of China. 
A party under command of Staff-Commander Maxwell have 

divided their labors between Placentia Bay and the north- 
east coast of Labrador, which work can only be done in mid- 
summer. 

Lieutenant Pullen, R.N., has energetically pushed the sur- 
vey of the island of Jamaica. 

The surveys of the shore of Australia have been carried 
on by four fully organized parties, and a large amount of 
work has been accomplished. 

The general survey of the Fiji group under charge of 
Lieutenant Moore, R.N., has made marked progress. 
A detailed survey of the Gettysburg bank discovered 

last year by Lieut.-Commander Gorringe, U.S.N., has been 
made by Commander Egerton, R.N., who, however, failed 
to find a less depth on it than had been found by its dis- 
coverer—viz., thirty fathoms. 

Besides the direction of all these surveys, the British Hy- 
drographic Office has published 167 notices to mariners, con- 
sisting of notifications of changes in lights, buoys, ete.; 350 
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pages of hydrographic notices; new editions of sailing direc- 
tions for the Mediterranean; directions for the Dardanelles 
and Black Sea, the west coast of Scotland, and the “ Australia 

Directory ;’ 62 new charts have been published, 1896 have 
been corrected, and 180,000 have been printed and disposed 
of for the use of navigators. 

Under the direction of the Indian Government, English na- 
val officers have also been busily at work on the surveys of 
the coasts of India and Burmah, extending the incompleted 
charts of the coast, and re-surveying those ports and harbors 
in which natural and artificial changes are constantly being 
effected. 

Under the direction of the French Ministry of Marine, ex- 
tended surveys have been made on the coasts of France, es- 
pecially of the approaches to the ports of Boulogne, Rochelle, 
and St. Jean de Luz, to determine the changes in depth and 
position of the various channels. 

In the Gulf of Siam, French surveyors are busily at work 
in exploring and surveying; here, as elsewhere, increased 
commerce being accompanied by an urgent need of exact 
knowledge of the shores. 

Detailed charts will soon be published of the recently com- 
pleted surveys by MM. Herand and Bouillet in 1873-4-5 
of the delta of Tong-kin. 

Charts of the coasts of Tunis and Tripoli from the survey 
recently completed by Captain Mouchez are in course of 
preparation, and will be shortly published on a scale of sptus- 

In‘addition to these surveys, the French Dépot de la Ma- 
rine has continued, as heretofore, the publication of corrected 
charts and nautical books. Eighty-two charts have been 
published of various parts of the globe, and a number of 
most valuable nautical books, including the “ Annales Hydro- 
graphiques,” issued quarterly; the ‘‘ Livret des Phares ;” “‘ Re- 
cherches Chronométriques;” sailing directions for the north 
coast of France, for New Caledonia, and for the mainland of 
America from Guiana along the shores of the Caribbean Sea 
and Gulf of Mexico to the south point of Florida. 

Under the auspices of the Imperial German Hydrographic 
Office, a re-survey of the shores of the German Empire has 
been commenced. 

In the Baltic Sea the hydrographic portion of this work is 
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being carried on under the direction of Captain Hoffmann, 
H. M.8. Dolphin, and in the Baltic by Capt.-Lieutenant Holz- 
hauer, H. M. 8. Drache, who are working in unison with the 
triangulating and topographic parties on shore. 

As might have been expected, this great undertaking is 
being carried on with all possible accuracy and minuteness. 

The publication of the Annalen der Hydrographie, contain- 
ing many valuable reports of the commanders of German 
men-of-war in foreign waters on hydrographic matters, has 
been continued. 

Sailing directions for the coasts of the Skagerrack, the Cat- 
tegat, and the Belts are in course of publication, and are be- 
ing carefully compiled for the whole German coast. 

The work of the Norwegian Exploring Expedition in the 
North Atlantic, under direction of Professor Mohn and Cap- 
tain Wille, has been steadily prosecuted. 

The results of the soundings with the temperature and 
current observations of last year, including all the soundings 
taken between Iceland, Greenland, and the British Isles since 
1860 by British, German, and Norwegian vessels, are given 
in a chart by Professor Mohn, physicist to the expedition 
(Nature, Oct. 18,1877). This chart shows isobathal curves 
at intervals of 100 fathoms, giving a detailed representation 
of the configuration of the sea-bottom. 

This year the expedition left Tromsé July 24, returning 
August 23. Sounding and dredging were effected between 
the Lofoden Islands and Jan Mayen, a careful survey of the 
latter island being made. 

The boundary between the polar current and the warm 
Atlantic current was found to be very steep, like that called 
the “cold wall” on the American coast. Next year the ex- 
pedition will work up the region between North Cape, Jan 
Mayen, and the north of Spitzbergen. 

In a paper in the May (1877) number of Petermann’s J/it- 
theilungen, Dr. Dorst furnishes a valuable addition to the 
knowledge of currents of the region between Greenland and 
Spitzbergen, by a discussion of the movements of the ice as 
observed by him in 1869. 

Dr. Petermann has been furnished by Captain David Gray 
with a large amount of material for the determination of 
mean surface temperature of the Greenland and Norwegian 

+ 
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Sea, 1800 measurements having been made during six sum- 
ner voyages between 58° and 81° N. latitude. 
Much attention has been given to the subject of water 

communication between Western Europe and the rich coun- 
try near the mouths of the rivers Obi and Yenisei, in Siberia. 

The Swedish expedition under Professor Nordenskjéld ; 
the expedition from Bremen under Dr. Finsch and his asso- 
ciates, as well as Captain Wiggins, F.R.G.S., who made two 
exploring voyages thither in 1874 and 1876, are unanimously 
of the opinion that, during a portion of each year, suitable 
steamers may approach and leave this region with only the 
ordinary risks of navigation. 

Earnest attempts are being made to turn this route to ac- 
count. During the past summer, the steamer //razer, loaded 
with tobacco, sugar, and machinery, has been despatched 
from Bremen for the Yenisei, under command of Captain 
Dallman, an antarctic explorer of experience ; and the steam- 
er Louise proceeded from London to the mouth of the Obi, 
and thence up that river and the Irtish to Tobolsk—over a 
thousand miles by river. 

At Troms6 the Russian Government has caused to be fitted 
out several sailing vessels, which, with a tug, are to convey 
a number of Samoyede families, with building material, cloth- 
ing, and provisions, to Nova Zembla, to establish a coleay 
there, which in time may serve as a ahegul half-way station 
on the route to the Obi and Yenisei. 

The expedition of Captain Wiggins, F.R.G.S., to the 
mouth of these two great rivers surveyed, in the late sum- 
mer of 1876, Poderata inlet, in which a good harbor was 
found, and discovered a large harbor at the mouth of the 
Obi. The Obi River was not entered. 

The temperature of both air and water was singularly 
warm, though the Sea of Kara was full of ice. Captain Wig- 
gins reached Kureika, on the Yenisei, in October, and there 
left his vessel and returned to England, having found, so far, 
excellent navigation. He started again in March, 1877, for 
Kureika, purposing to cross the Sea of Kara during the sum- 
mer; but, on rejoining his vessel, the crew refused to pro- 
ceed in her. 

The results of all these expeditions are so encouraging 
that the Russian Government proposes to make immediate- 
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ly an accurate hydrographic survey of the Obi and the 
Yenisei. 

This new trade route, if the anticipations be borne out 
by experience, will be of immense value, the region abound- 
ing in fish and furs as well as in agricultural and mineral 
wealth, while the population need great quantities of the 
productions of Western Europe, heretofore carried overland. 

In the Geographische Bldtter of the Bremen Geographical 
Society, a sketch of Professor Nordenskjéld’s proposed voy- 
age to the Siberian seas is given. 

He intends to sailin July, 1878, in the steamer Vega, com- 
manded by Captain Palander, a Swedish officer of much are- 
tic experience, with a staff of three or four scientific obsery- 
ers, and a crew of thirty naval seamen. The object of the 
expedition is to force a passage from Nova Zembla east- 
ward along the coast of Siberia through Behring Strait, the 
ship proceeding homewards through the Suez Canal. The 
cost of the expedition will be defrayed principally by the 
Swedish Government. 
A review of the work done during the last twenty years, 

in determining the depths of the ocean in various parts of 
the world, is given in Petermann’s Wittheilungen for April 1, 
18773; special attention being paid to the depths determined 
in the Pacific Ocean, of which a small chart is given, show- 
ing the various deep basins, to thirteen of which Dr. Peter- 
mann has given the names of the ships, commanders of expe- 
ditions, and eminent scientific men who have been instru- 
mental in the work. 
A very marked feature of this chart is the uniform north- 

west and southeast direction of the elevations of the bottom 
surrounding groups of islands, ete. 

7 



mG ivnr ter: 
(Exclusive of North America.) 

By FRANCIS M. GREEN, 

LIEUTENANT-COMMANDER, U.S.N. 

The past year shows no diminution in the general interest 
felt all over the civilized world in the development of exact 
and scientific knowledge of the earth’s surface. The most 
marked discovery which has taken place has been that of the 
course of the Congo and Lualaba rivers by Mr. H. M. Stanley. 

Governments are freely extending protection and assist- 
ance to explorers seeking to open new commercial routes ; 
and the faithful and scientific spirit in which explorations 
are now conducted is shown by the care taken to attach 
experts in all branches of natural history to every expe- 
dition. 

The scientific results of the English Arctic Expedition, and 
of the voyages of the Challenger and Gazelle, are being pre- 
pared for publication with great care. 

The most important geographical work in course of publi- 
cation is Viviers de St.-Martin’s “ Dictionnaire de Géographie 
Universelle” and his “ Atlas Universel de Géographie, Anci- 
enne, Moderne, et Moyen-age,”’ both issued in numbers, the 
publication of the first to run through four years and the 
second twelve and a half years. 
Among the proofs of the interest now taken in geographi- 

cal studies may be mentioned the founding of several new 
German, French, and Italian magazines and journals, spe- 
cially devoted to the record of current travel and explora- 
tion, and the largely increased circulation of geographical 
periodicals previously established. 
From these publications, especially the Geographical Mag- 

azine, Petermann’s Mittheilungen, and Cosmos, a large por- 
tion of the following summary has been compiled. 

In Petermann’s Mittheilungen is given a review of the 
cartography at the Centennial Exposition. From the fact 
that maps and plans were shown in the departments of their 
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respective countries, it was difficult to compare the different 
exhibits effectively. 

The general conclusion reached is that, as regards every 
nation, great progress has been made in cartography over 
earlier exhibitions; that, in respect to accuracy and clearness, 
the Germanic nations excel. Sweden surpasses all in minute- 
ness of detail, England in clearness and delicacy of outline, 
and the United States in the art of turning to account mate- 
rial for statistics. 

COSTA RICA. 

The results of Professor W. M. Gabb’s labors in Costa Rica 
in 1873-4 have been published by Dr. Petermann in map 
form. As yet the province of Talamanca only, constituting 
the southeastern portion of the republic, has been surveyed, 
the tracts lying to the west and north being still unexplored. 

ISTHMUS OF DARIEN. 

The general results arrived at by the French Surveying 
Expedition, under the command of Lieutenant Wyse, have 
been published. 

The object was to find a route for a canal to join the At- 
Jantic and Pacific oceans without locks or tunnels; but this 
desideratum does not seem to have been accomplished. 

The route examined was along the course of the Poyita 
and Cacarica rivers; but the lowest practicable pass over the 
Cordilleras was found to be 450 feet above the lowest tides. 

M. Celler, one of the engineers of the party, proposes a 
canal 65 miles long, by way of the Atrato and Tuyra rivers, 
with reservoirs and groups of locks. 

Lieutenant Wyse is engaged in fresh investigations in this 
region on behalf of the Comité du Canal Interocéanique. 

COLOMBIA AND ECUADOR, 

The results of the journey by M. Edouard André through 
Colombia and Ecuador in 1875 and 1876 are of great 
value. 

M. André has secured many valuable specimens of natural 
history, as well as an archeological and ethnographical col- 
lection, besides having measured many heights, taken careful 
latitude and longitude observations, and obtained numerous 
sketches and photographic views of the country. 

; 
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GUYANA. 

The valuable results obtained from recent explorations of 
the remoter regions of English and Dutch Guyana have in- 
cited the French authorities to despatch an exploring expedi- 
tion, under direction of Dr. Creavaux, to ascend the Maroni 
River, returning by way of the Oyapoc or the Amazon. 

BRAZIL. 

The Department of Topography of the Brazilian Govern- 
ment has lately issued a map of the Madeira and Purus riy- 
ers, Which throws some light upon one of the most obscure 
portions of South American hydrography, the river system 
of the province of Beni. 
A recent work on Brazil, by Mr. Oscar Canstall, contains 

a popular description of the country, its geography, flora, 
fauna, political and commercial relations, ete. 

BOLIVIA. 

The late Professor James Orton, who died on Lake Titi- 
caca, September 25, 1877, while on his return home, has been 
exploring the head-waters of the Madeira and Beni. From 
La Paz he had travelled, by way of Cochabamba, to the head 
of navigation on the river Chimoré, which he descended by 
canoe to Trinidad. 

This is the first expedition down this river, Lieutenant 
Gibbon, U.S.N., having explored the Chaporé and D’Orbigny 
the Securé. 

Professor Orton has contributed greatly to our knowledge 
of the head-waters of the Amazon, this being his third expe- 
dition to that region, the first one being made in 1867, cross- 
ing the Andes eastward from Peru, and descending the Napo 
to the Marafion. 

His second expedition in 1873 was the reverse of the for- 
mer one, beginning with the ascent of the Amazon. 

The great work of Dr. Reiss on the “ Andes Lands of South 
America,” prepared in conjunction with Dr. Stiibel, will soon 
be ready. 

In the proceedings of the Royal Geographical Society for 
Nov. 26, 1877, is an important paper on Bolivia, by Com- 
mander Musters, R.N., who has lived there for many years. 

I 
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Mr. Minchin, C.E., while surveying for a railroad between 
La Paz and Lake Titicaca, has determined the heights with 
great care. 

His results are: Lake Titicaca, 12,545 feet above the sea- 
level; Alto de La Paz, 13,389 feet; Plaza Mayor de La Paz, 
11,946 feet; Summit of Mount Illimani, 21,224 feet. 

PERU. 

A new geographical society has been established at Lima. 
Towards the end of last year, a commission, directed by 

Major D. A. Rivera and Mr. A. Werthemann, an engineer in 
the Peruvian service, was engaged in exploring the rivers 
Perené and Tambo, tributaries of the Ucayali, to ascertain if 
navigable communication were possible between the Perené 
and the Amazon at Iquitos. It is intended to extend the 
railway between Lima and Oroya, so as to form a highway 
of railway and navigable river across the continent from the 
Pacific to the Atlantic. 

An account of this survey has been recently published at 
Lima, and forms a valuable contribution to Peruvian ge- 
ography. Mr. Werthemann states that a length of only 
forty-eight miles of railway would be required to unite the 
European settlements of the Chancamay and Paucartambo 
valleys with the highest navigable point of the Perené. 

He estimates that a route, passing from Lima by land 
through Oroya, Palca, Tarma, and Paucartambo, and by 
river along the Perené, Ucayali, and Maraiion to Iquitos, 
could be traversed in twelve days; and that, if the railway 
were extended to the Ene, the time of transit from the Pa- 
cific coast to the main Amazon could be reduced to eight 
days. 

The second volume of Sefior Raimundi’s work on Peru con- 
tains the geographical history of the country from the Span- 
ish conquest to 1800. More recent geographical progress will 
be noticed in the third volume. 

Mr. E. G. Squier’s “Incidents of Travel and Exploration 
in the Land of the Incas” has recently been published, and 
adds much to previous knowledge. 
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PATAGONIA. 

Don Francisco Moreno has made a journey up the Santa 
Cruz River on the east coast of Patagonia, which he has de- 
scribed in a letter to the Buenos Ayres Standard of May 13, 
£377. 
He describes the Santa Cruz as issuing from a fine lake of 

the same name, thirty miles long and ten miles wide, in lati- 
tude 50° 14’8. and longitude 71°59’ W. The current of the 
river runs very rapidly, so that thirty days were occupied in 
ascending it. 

Sefior Moreno was the first to explore Lake Santa Cruz, 
on the shores of which he made a large geological collection. 

Connected with the Santa Cruz Lake by a river 200 yards 
wide is Lake Biedma, in the immediate vicinity of Mount 
Chalten, a still active volcano. 

ARCTIC REGIONS. 

The Blue-book of the Nares Expedition, published during 
the past year by the English Government, contains Captain 
Nares’s comprehensive report, with special maps and a large 
amount of most valuable matter for students. 

In the pages of the Geographical Magazine for the past 
year has appeared, from time to time, an admirable review 
of the work accomplished by the Nares Expedition. That 
the Alert wintered farther north than explorers had ever 
before wintered; that three hundred miles of new coast-line 
were discovered and surveyed; that one party reached the 
most northerly point ever attained ; that the duties of every- 
body, from the leader downward, were conscientiously and 
thoroughly performed, and that the whole work was con- 
ducted with eminent ability and sound judgment, giving in- 
valuable results, has been thoroughly demonstrated. 

The official narrative of the Polaris Expedition, edited by 
the late Rear-Admiral Davis, and published by the U.S. 
Navy Department, will prove a valuable record for reference. 

The first volume of the physical results of the same expe- 
dition, by Dr. Emil Bessels, has also been published under 
the auspices of the Smithsonian Institution. 

The Austrian scheme for the establishment of stations of 
observation within the arctic circle has again been brought 
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forward, and seems likely to be carried out. Lieutenant 
Weyprecht, who commanded the Austrian expedition that 
discovered Franz-Josef Land in 1874, and Count Wilezek, 
one of the promoters of that expedition, have announced 
that they intend to undertake an arctic expedition to estab- 
lish a station of observation in Northern Nova Zembla, and 
they strongly urge the establishment of others at various 
points both in the northern and southern hemispheres. 

GREENLAND. 

No more valuable contribution to geographical literature 
has appeared for a very long time than Dr. Rink’s “ Danish 
Greenland.” For sixteen winters and twenty-two summers 
the author resided in the country, for a portion of the time 
as its governor. Not only could no other living person 
have written this book, but its accuracy and completeness 
appear to be beyond criticism. 

EUROPE. 

The great demand of the year has been for maps and de- 
scriptions of the seat of war—a want partly supplied by the 
reissue of old maps, and partly by the publication of numer- 
ous new ones, as nearly accurate as could be expected of 
countries not having the advantages of a systematic govern- 
ment survey. 
Among the best of new issues is a map of European Tur- 

key, in seventeen sheets, on a scale of ggq'5o0, by Colonel 
Artamanow, of the Russian service. 

The steadily increasing interest in exact geographical 
knowledge is attested by the increasing membership of the 
older geographical societies, and the establishment of new 
ones at Copenhagen, Antwerp, Brussels, Marseilles, and 
Bremen. 

In Germany the Imperial Railroad Commission has pub- 
lished a chart of the most extensive net-work of railroads in 
the world; and a complete physico-statistical atlas of Ger- 
many has been edited by Messrs. Rh. André and O. Peschel. 
A complete catalogue of dwelling-places in the kingdom 

of Bavaria, and a new topographical map of Baden, deserve 
mention. 

The project of draining the southern part of the Zuyder- 
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Zee has been submitted by the government of the kingdom 
of Holland to the States-General. 

Count Bela-Szechenyi’s “ History of Neusidler” Lake gives 
a curious account of the rise and fall of its waters, with the 
reasons for the phenomena, and interesting discoveries from 
the stone age in the lake. In 1854 the waters of the lake, 
which lies in the western part of Hungary, near the Austrian 
frontier, began gradually to sink, until in 1868 there was not 
left so much as a marshy spot in its bed; but since 1869, 
they have been slowly returning, until in 1876 the surface 
of the lake has resumed its normal appearance. 

The second division of “La France” has been completed 
in the admirable work of Elise Reclus, “Nouvelle Géo- 
eraphie Universelle.” 

PALESTINE. 

The scientific survey of Western Palestine, under the 
charge of Lieutenant Kitchiner, R.E., has been completed. 
This laborious undertaking has been pursued, in spite of 
many difficulties, for more than five years, and it now only 
remains to work out the map of Palestine, which will con- 
sist of twenty-six sheets, on the scale of one inch to the 

mile. 
A report on the “Line of Levels from the Mediterranean 

to the Sea of Galilee,” by Lieutenant Kitchiner, has been 
read before the Royal Geographical Society. 

The levels extended over about thirty-six miles, and the 
result of the work showed the depression of the Sea of Gali- 
lee to be 682.5 feet below the Mediterranean, being 40 or 50 
feet greater than had been generally supposed. The depres- 
sion of the Dead Sea was found to be 1292 feet, and that of 
the deepest part of the valley of the Jordan 1300 feet below 
the Mediterranean. There seems no doubt that the whole 
of the enormous quantity of water brought down by the 
Jordan to the Dead Sea is carried off by evaporation. 
A German association for the exploration of Palestine 

has been lately formed by scientific men, in different parts 
of the empire and in Switzerland, the headquarters of which 
will be at Baedeker’s in Leipzig. 



198 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

ASIA. 

Under the auspices and direction of the Russian Geograph- 
ical Society, various journeys and explorations have been 
carried on in Siberia and in Central Asia. 
A most important work has been the carrying of a line of 

levels along the Siberian road from Ekaterinburg to Irkutsk, 
a distance of 2236 miles, by which the exact heights of nu- 
merous important meteorological stations have been estab- 
lished. With the aid of the knowledge thus derived, it will 
no longer be impossible to trace isobaric curves over this 
region. 

The determining of the precise differences of longitude by 
electric time-signals along the line of telegraph extending 
from Moscow to Vladivostock, now completed, is a work of 
immense importance, upon the results of which the geo- 
graphical positions of points in Japan and China will here- 
after depend. 

Under the direction of the Siberian branch of the Russian 
Geographical Society, a careful exploration of Lake Baikal 
and the surrounding country has been carried on. Besides 
the regular bulletin of the society, containing a great amount 
of valuable material, the other publications of travels and ex- 
plorations by members of the society afford abundant testi- 
mony to the zeal and ability which are constantly adding 
to the geographical knowledge of Russian territory. 

The geographical results of Colonel Przewalski’s expedi- 
tion into Chinese Tartary, during the past year, are a survey 
from Kuldja for eight hundred miles into the interior of the 
country, seven determinations of latitudes and longitudes, 
many hypsometric measurements, and large botanical and 
zoological collections. He arrived at Lob Nor, as stated in 
the Record of last year, on February 11, travelling by the 
way of the valley of the Lower Tarim. 

The height of the valley above the sea is about 2000 feet, 
and its topography is quite different from that represented 
on the maps, the survey and the astronomical determination 
of latitudes and longitudes giving quite a new aspect to the 
country. 

He found the country on the banks of the Tarim and 
about Lob Nor very thinly settled—the people speaking 

pgs ancl 
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almost the same language as in Eastern Turkestan. He 
found Lake Lob Nor to be an enormous marsh, surrounded 
and partly overgrown by thick bushes. 

About one hundred and twenty miles south of Lob Nor, 
Colonel Przewalski encountered a range of mountains more 
than 11,000 feet in height, called the Altyn-Tag, and appear- 
ing to be the spurs of a more important range. 

The expedition started for Thibet in August last. 
With great difficulty and danger, Captain Kurapatkin, 

another Russian explorer, has completed a journey in Kash- 
garia (between July, 1876, and April, 1877), the details of 
which have been communicated to the Paris Geographical 
Society. 

M. Potanin is engaged, under the auspices of the Russian 
Government and the Russian Geographical Society, in a sur- 
vey of Northwestern Mongolia, a work which was intended 
to last two years, dating from the summer of 1876. As, 
however, some trouble was experienced from Chinese au- 
thorities, he did not begin his task till April, 1877. 

The reports of the Russian military expedition to the 
Alai and Pamir plateaux, by Colonel Kostenko, add very 
materially to the knowledge of the mountain chains of Cen- 
tral Asia, differing, however, essentially from the accounts 
recently published by Captain Trotter, R.E. 

Colonel Stubendorff is preparing a map of the expedition; 
Usbel Pass, 14,400 feet above the sea, being the highest 
point indicated. 
A treatise by M. Musscheketow on the volcanoes of Cen- 

tral Asia is of very general interest. Since his discovery of 
burning coal-layers in the basin of the Ili, he has been con- 
vinced that the volcanoes indicated by Humboldt in that 
and neighboring regions are simply such burning coal dis- 
tricts. 

Although referring to the recent action of some extinct 
volcanoes, he altogether doubts the existence of true volea- 
noes in Central Asia, and adduces a large mass of evidence 
in support of this position. 

While in command of a detachment of Cossacks protect- 
ing a caravan, sent by Russian merchants, Captain Pevtsow 
made observations which afforded the following results: A 
survey of the route, 560 miles long, from the Zaisan Lake to 
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the Chinese town Gu-chen, latitude 43° 50’ N., longitude 90° 
14’ E., with maps of the towns, astronomical determinations 
of the positions of seven points, magnetic observations, baro- 
metric measurement of heights, a complete geographical ex- 
ploration along the route, a collection of about one thousand 
species of plants and a large zoological collection. 

The first volume of Baron von Richthofen’s extensive work 
on China has been published. This volume of 760 pages 
treats principally of the geography of Central Asia and 
China proper, entering thoroughly into the formation of 
the surface, and other features of physical geography. The 
work, when completed, will be accompanied by an atlas 
of forty-four maps, constructed by the author, chiefly from 
Chinese sources. 

Mr. James Morrison has commenced the publication in the 
Geographical Magazine of a large amount of geographical 
information regarding the almost unknown island of For- 
mosa—the results of journeys there during the past year. 

AFRICA. 

The most important as well as the most interesting event 
relating to African geography during the past year has been 
the exploration of the Lualaba River by Mr. H. M. Stanley, 
and his demonstration of its identity with the Congo. 

It is too soon to give any exact account of his discoveries, 
but his journey may be summarized in a few words, as fol- 
lows: At the close of last year’s Record, Stanley, with his 
party, was at Nyangwe, lying about four hundred miles 
west of Lake Tanganyika, and hitherto the western limit of 
exploration. Leaving there November 5, 1876 (after an ex- 
ploration of Lake Tanganyika, with its creeks and inlets, oc- 
cupying fifty-one days), they started to the westward; but, 
unable to make headway through the thick forests, crossed 
the Lualaba and continued their journey along the left bank. 
The tribes of savage cannibals offered a most determined 
opposition to their passage, both by land and water; and in 
the midst of their desperate struggle with the negroes, after 
having taken to their canoes to drift down the river, they 
came to # series of five cataracts, not far apart, south and 
north of the equator. With great hardship and suffering, 
the boats were dragged through the forest for thirteen 
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miles around these cataracts. Besides these falls, numerous 
rapids and lesser falls were met with, in passing which, as 

_ well as in battles with the natives, many of Stanley’s follow- 
ers lost their lives. 

Mr. Stanley reports that in 2° N. latitude the river Lu- 
alaba changes its previous northerly course to northwest, 
then to west, then to southwest—a broad stream from two 
to ten miles wide, and studded with numerous islands. 

In all, the expedition was obliged to fight thirty-two des- 
perate battles in forcing its way down the Lualaba, although 
some friendly tribes were met with. As the river approach- 
es the Atlantic it is known as the Kwango and the Zaire. It ~ 
has an uninterrupted course of over fourteen hundred miles 
through the great basin lying between 9° and 26° of E. lon- 
gitude, and has many magnificent affluents, especially on 
the southern side. Between this great basin and the Atlan- 
tic Ocean is a broad belt of mountains, after passing which 
the river descends by about thirty falls and furious rapids, 
then forming the stream heretofore known as the Congo. 

On the 10th of August, 1877, the party, diminished and 
exhausted, reached Embomma, on the Congo, a short dis- 

tance from the mouth; and shortly afterwards arrived at 
the Portuguese settlement of St. Paul de Loando. 

Mr. Stanley’s discoveries are discussed by Dr. Petermann 
in the Mittheilungen for December, 1877. 

The English missionary stations on lakes Tanganyika and 
Ukerewe afford most valuable starting-points and bases of 
operation for scientific travellers, as has been proved by the 
experience of Lieutenant Young at Livingstonia, the station 
on Lake Nyassa. Parties from these stations are penetrat- 
ing the country in various directions, and making scientific 
observations. 

The new Geographical Society of Lisbon has awakened 
great interest in Portugal regarding her African colonies, 
too long given up to an ignorant and unworthy class of 
half-breeds, who have prevented any real progress and have 
fostered an illegal slave-trade. The government has lately 
made a large appropriation towards a scientific exploration 
and survey of the region between Angola and Mozambique, 
to investigate the connections between the river systems of 
the Congo and Zambesi. 

ie 



2902 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

A railroad is to be built from Loando to Ambaca, and 
from Delagoa Bay to the Transvaal Republic. 

The International Commission for the Exploration and 
Civilization of Central Africa, set on foot by the King of Bel- 
gium, has established national committees in Belgium, Ger- 
many, Austria, Holland, Spain, Italy, France, Russia, Switzer- 
land, and Portugal. The pioneers of this society, consisting 
of two Belgian officers, Captains Crespel and Cambier, and 
a naturalist, Dr. Maes, sailed on the 18th of October for Port 
Natal, whence they will make their way to Lake Tanganyika, 
where measures will be taken to ascertain whether it be pos- 
sible to found a station on the shores of the lake, or, leaving 
a depot there, the station be fixed at Nyangwe and Man- 
yuema. The place to be decided upon is to be used as a 
basis for further exploration, and agriculture will be carried 
on to make the expedition self-supporting. The society is 
amply provided with funds, and proposes to set on foot two 
large expeditions to penetrate from Loando and Zanzibar at 
the same time. There is every prospect that this united 
effort will succeed in solving some of the problems connect- 
ed with the geography of Central Africa. 

The Italian committee for the exploration of Africa held 
its first session at Turin in June, when it was decided to co- 
operate vigorously with the International Society. For the 
present the energies of the Italian committee will be devoted 
to the maintenance of a supply station at Shoa, regarding 
this as one of the most favorable stations from which to send 
out expeditions for the exploration of the interior. 

In the proceedings of the Royal Geographical Society for 
June 11, 1877, is an account, by Bishop Crowther, of jour- 
neys up the Niger River between 1841 and 1871, and notes 
on the neighboring countries. The delta of the river, he 
states, is enormously large, extending along a coast line of 
120 miles, with a breadth of 150 miles in some places. 

As the Charch Missionary Society has resolved to send 
out a small steamer drawing only three feet, most interest- 
ing and valuable results may be expected from further ex- 
ploration. 

Bishop Crowther’s intimate acquaintance with the numer- 
ous tribes inhabiting this region (no less than thirteen sepa- 
rate tribes, speaking as many languages, being met in a jour- 
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ney of seven hundred miles) makes his accounts of them un- 
usually valuable. 

At a recent meeting of the Berlin Geographical Society a 
report of Dr. Von Bary was read regarding his investigation 
of the Tuareg region of the Western Sahara. His researches 
lead him to the belief that there is but little, if any, reason to 
believe that the Sahara Desert is the bed of an ancient sea. 

The recent annexation by Great Britain of the South Afri- 
can territory known hitherto as the Transvaal Republic has 
drawn attention to the geography of that immensely valu- 
able region, and has shown how very much remains to be 
done to perfect a knowledge of it. In the Geographical Mag- 
azine for February, 1877, as well as in the Aittheilungen, are 
excellent maps showing recent explorations. 

Considerable attention has been attracted to Dr. E. Holub’s 
travels in South Africa, and particularly to his exploration 
of the middle course of the Zambesi. During the past sum- 
mer he has communicated to a newspaper called the Dia- 
mond Field (printed at Kimberley, in West Griqua Land) 
detailed accounts of his observations in that region. He 
entirely confirms the statements of Cameron and Young re- 
garding the active participation of Portuguese merchants in 
the slave-trade of the interior. 

Under the personal superintendence of Colonel Gordon, 
R.H., assisted by Lieutenants Watson and Chippendall, R.E., 
and by M. Gessi, a thorough survey of the Nile has been 
made, commencing at Khartoum and ending at a point about 
forty miles from the north end of the Victoria Nyanza, a 
distance of 1500 miles. From these surveys two maps have 
been prepared, on a scale of thirty-five miles to the inch. 

M. Gessi has circumnavigated the Albert Lake, and finds 
it to be one hundred and forty-one miles from northeast 
to southwest, and from forty to sixty miles wide. He has 
proved beyond a doubt that the Nile descends from the 
Victoria Nyanza, enters the Albert Lake, and flows from it, 
at a point fourteen miles farther north, to Dufli, thus setting 
at rest the question of the direct connection of the great 
river with these two lakes. 
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AUSTRALIA. 

Surveys have been made on the Stevenson River, in the 
south, and on the Daly River, in the north, the valley of the 
latter being described as a rich and grassy district. A north- 
western expedition, under Mr. W. O. Hodgkinson, starting 
from Queensland, has explored the country from the Flinders 
and Concurry rivers to the frontiers of South Australia, fol- 
lowing the course of the Diamantina River, and finding great 
areas of good pasture-land, with beautiful lakes, bounded on 
the west by a sandstone range named the Cairns Mountains. 
The Herbert River flows for a short distance through South 
Australia, but afterwards unites with one of the sources of 
the great Mulligan River flowing through Queensland. The 
expedition returned in October, 1876, to the falls of the 
Leichhardt. 

An extension of Mr. Hodgkinson’s work has been planned. 
The expedition was to start about the end of September 
from near the head-waters of the Gregory River, which emp- 
ties into the Gulf of Carpentaria, pushing eastward to Ten- 
nant Creek, and along the telegraph line to the waters of 
the Daly; thence eastward to the Nicholson River, in this 
way twice crossing the broad strip of unknown land between 
the transcontinental telegraph line and the Gregory River. 

The end in view in all these surveys is, in addition to the 
acquiring of exact knowledge of the geography, the discov- 
ery of new pasture-lands. 

Mr. Alexander Forrest crossed the Hampton Plains, in 
West Australia, last year, hoping to find pasture-land, but 
his investigations established the fact that the interior of 
West Australia is all desert. 

The Katharine River was explored in 1876 by Mr. G.Rh. 
McMinn, Chief Geographer of the Northern Territory. Mr. 
McMinn is convinced of the identity of the Daly and Kath- 
arine rivers. 

To the southwest of the Katharine River worthless low- 
land plains were found covered with a growth of scrub and 
spinifex. 

Mr. E. Giles’s report of his return trip across West Austra- 
lia last year, with a carefully executed map of his route, has 
been published by the government as a parliamentary paper. 
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NEW GUINEA. 

In a recent number of the Zeitschrift of the Berlin Geo- 
graphical Society is an interesting paper by Captain Von 
Schleinitz on the geographical observations in New Guinea, 
in New Britannia and Solomons Archipelago, made by the 
Prussian expedition in the Gazelle. 

The exploration of New Guinea is going steadily forward, 
and the Australian colonists are discussing its annexation. 

Signor d’Albertis, whose first exploration of the Fly River 
was so successful, has made a second visit to that river, and by 
means of it has penetrated to the centre of the island, reach- 
ing a point in 5° 30’ south latitude, 141° 30’ east longitude. 
He reports that the whole country is flat and marshy, the 
land nowhere rising more than two hundred and twenty-five 
feet. The natives resemble those of the eastern part of the 
island in appearance, manners, customs, etc, but differ wide- 
ly from the blacks of the northwest. Bananas, taro, and to- 
bacco are cultivated to a certain extent. 

The vicinity of Port Moresby is described as a well-watered 
and fertile country. | 

In M. Cora’s Cosmos are published the reports of M. Mi- 
klucho-Maklay and of Signor d’Albertis regarding their re- 
cent explorations. 

In the Proceedings of the Royal Geographical Society is 
an account by the Rev. 8. Macfarlane of a journey made by 
him along the southern coast of New Guinea in March, 1877. 
Two fine harbors were discovered, and several good anchor- 
ages along the coast. The natives were friendly and nu- 
merous. Mr. Macfarlane found many errors in the published 
charts. 

During the last summer the Dutch expedition for the ex- 
ploration of Sumatra has traversed the island from west to 
east, and explored a large tract of country lying to the north 

of Padang. 
It is understood that this expedition is preliminary to set- 

tlement and occupation on a large scale, the annexation of 
this great island to the Dutch East India possessions having 
for some time been urgently pressed upon the authorities at 
Batavia. 
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The most important explorations of the year 1877 were 
the government surveys of the unsettled parts of the national 
domain. The oldest of these, the Geological and Geograph- 
ical Survey of the Territories, under Dr. Hayden, completed 
its field work in Colorado in 1876; so that this new state, 
although perhaps the most diversified in our Union, enters 
upon life under the most propitious circumstances, its whole 
territory better mapped than perhaps any older state. In 
1877 the survey passed northward into Wyoming and Idaho, 
taking in a tract of country between 107° and 112° W. long., 
extending from the Pacific Railway northward to the Yellow- 
stone Park—an area of about 30,000 square miles. This field 
of operations, a preliminary survey of which was made in 
1872, may be more easily conceived by stating that its south- 
ern border is equal to the distance from Boston to Philadel- 
phia or Montreal. A geodetic party carried the primary 
triangulation over this entire region, measuring two base- 
lines—one near Rawlins, the other near Bear Lake—locating 
prominent peaks at intervals of from twenty to thirty miles, 
building upon them stone monuments for future recognition, 
and travelling at least five hundred miles. Thirty stations 
were occupied and eleven more used as primary points, and an 
average of eight angles were measured at each station occu- 
pied. At the close of the season, the triangulation was con- 
nected near Ogden with that of the Fortieth Parallel Survey. 

This region was also divided into three sections, each of 
which was covered by a distinct party, fully equipped for 
topographical and geological work: two of these divided be- 
tween them the southern portion, including all the less di- 
versified desert region; while the third took the elevated 
district in the northwest, in the immediate vicinity of the 
Yellowstone Park. 



GEOGRAPHY OF NORTH AMERICA. 207 

The southeast, or Sweetwater division, as it was called, 
embraced an area of nearly 11,000 square miles, extending 
northward to 41° 45’ N. lat., and westward to 109° 30’ W. 
long. In working this area, one hundred and seventy-one 
principal topographical stations were occupied, besides twen- 
ty or more subsidiary stations; eighty or more stone monu- 
ments were erected. While many of these stations, owing 
to the extremely desolate and irreclaimable character of 
the country surveyed, will probably never be used as initial 
points for detailed surveys, there still remain many others, 
which will be of great value as starting-points for isolated 
pieces of rectilinear work, where fertile valleys and oases in 
the desert country are rapidly coming into demand by set- 
tlers. The most important of these fertile valleys lie in the 
mountainous region to the north, in the upper waters of trib- 
utaries of the Platte and Yellowstone; and into this district a 
rectilinear survey was pushed by measuring a guide-meridian 
from the railway north, and the establishment of base-lines 
within the region itself. The guide-meridian had to be meas- 
ured over seventy-five miles of desert country, where water 
was extremely scarce. Owing to threatened danger from 
hostile Indians, who were known to be in the vicinity of the 
Big Horn Mountains, the party was obliged to leave in the 
northeast about eight hundred square miles of unexplored 
territory. 

The southwest, or Green River division, was a rectangle of 
similar size to the last, but the surveying party extended its 
work a little beyond its western limits, so that 12,000 to 13,000 
square miles were surveyed. ‘This area contains a greater 
extent of hilly country, but none so elevated as that in the 
northern portion of the Sweetwater district; and in it nearly 
three hundred and fifty stations and locations were made, 
more than fifty of which were marked with stone monuments. 
The party found the Green River basin a broad, flat, almost 
unbroken expanse, covered mainly with sage-brush and scat- 
tered bunch-grass, but the bottom lands well grassed and 
wooded. In the broken country to the west, the more ele- 
vated portions were heavily timbered, the hilly parts grass- 
covered, and the valleys filled with good soil, easily irri- 
gable. 

The Teton division to the north extended to the borders 
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of the Yellowstone Park, between 109° and 112° W. long., 
covering an area of 13,500 square miles, mostly drained by 
the branches of the Shoshone, or Snake River, a tributary of 
the Columbia. This was familiar ground to the chief of the 
party, since he had already partially surveyed the region in 
1872. In its western portion the party made thirty topo- 
graphical stations in an area of about 10,000 square miles. 
Considerable timber was found, with a fair average of arable 
and grass land, and streams never dry. The eastern and 
northern portion is far more rugged and inaccessible than 
any other part of the country covered by this year’s survey. 
It finds its culmination in the snow-covered Teton and Wind 
River Mountains, in the latter of which the highest eleva- 
tion is Fremont’s Peak, 13,700 feet high. A comparison 
of Fremont’s account with the observations of the party 
shows, however, that he did not ascend this highest peak 
(now bearing his name), but a lower summit, whose altitude 
he estimated to be 13,570 feet. In one sense, Fremont’s Peak 
may be considered the centre of the continent, since from its 
summit may be seen in close proximity the head-waters of 
streams which feed the Columbia, the Colorado, and the Mis- 
souri. While engaged in the exploration of this district, the 
party received notice from the military commander at Camp 
Brown, through Indian scouts, to leave the country, on ac- 
count of the danger from hostile Indians. Nearly a month 
of valuable time was thus lost, abridging somewhat the re- 
sults of the season’s work. Notwithstanding the various 
difficulties encountered, the party surveyed an area of about 
6000 square miles of the most rugged mountain country in 
the northwest, and made over one hundred barometrical ob- 
servations. ‘Throughout his district, Mr. Bechler personally 
observed 7340 horizontal and 5700 vertical angles; and as 
they were repeated backward and forward, and checked by 
good barometric readings, they must give satisfactory re- 
sults concerning the altitude of that extremely mountainous 
country. 

Each of these three topographical parties was accompanied 
by ageologist. In the desert region careful notes were taken 
of the grazing facilities, timber, and irrigability of the coun- 
try. It was estimated that in the least favored region—that 
to the east—only five eighths was desert land, one fourth be- 
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ing mountainous, and therefore more or less timbered, and 
one eighth valuable land. At one point beds of coal of 
great extent were found. The limitless expanse of bunch- 
grass land affords, in some otherwise desert country, grazing 
to enormous herds of cattle. Some parts of the country are 
not so desolate. In the western portion of the Green River 
district, the valley of the Bear River, which doubles so euri- 
ously upon itself near the famous soda-springs of Idaho, al- 
ready supports a thriving population. Along its banks and 
in the neighboring region are fine acres of farming land, 
grass-covered hills, broad and fertile valleys. Throughout 
the region, the party noticed that the season was much colder 
than that experienced at the same altitudes in Colorado. In 
the mountainous regions to the north, especially along the 
western flanks of the Wind River range, remains were no- 
ticed of huge ancient glaciers; and, considering the enor- 
mous amount of snow and ice that was observed at the begin- 
ning of August, the geologists deemed that the discovery of 
still existing glaciers in that range would not be surprising. 
Moraines covering many square miles, often a thousand feet 
in thickness, extend downward through narrow valleys, now 
containing rushing streams; and, from all appearances, cessa- 
tion of glacial activity must have occurred within a compar- 
atively recent time, for scarcely any vegetation has sprung 
up on the light glacial soil, and the morainal deposits them- 
selves bear every mark of freshness. 

In the comparatively level country lying wholly within 
the Territory of Wyoming, stretching from the Wind River 
and Sweetwater Mountains to the Uintas, and through the 
middle of which the Pacific Railroad winds its way, the ge- 
ologists found little besides nearly horizontal Tertiary strata, 
such as occur along the line of the railway. The mountains 
west of Green River are composed mainly of Carboniferous 
limestones, but are flanked on either side by hills of Jurassic 
and Cretaceous age, with Tertiary beds resting on the tilted 
edges of the older rocks. Still farther west, the Bear River 
Mountains in Utah are composed of Silurian and Carbonifer- 
ous rocks—limestones and quartzites. To the north of the 
abrupt bend in Bear River the lower grounds are covered 
with basalt flows, evidently originating from numerous era- 
ters still remaining in the vicinity. This outflow accounts 



210 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

also for the abrupt bend of the Bear River, since at this 
point a basalt plain is the only divide between it and the 
Portneuf, which flows into the Snake, a tributary of the Co- 
lumbia; into which also the Bear once emptied, but now, 
reversing its course, flows into Great Salt Lake. 

To the north of this region and of the great basin of the 
Upper Green, or Colorado River, the geology as well as 
the topography is more complicated, the country being ex- 
ceedingly broken, and volcanic and eroding agencies hay- 
ing been active, both in long-past and more recent times; 
but the studies of Messrs. St. John and Endlich, to whom 
these districts were assigned, have solved many perplexing 
points, and their evidence will probably determine the re- 
lations of the principal stratigraphical phenomena to the 
main mountain chains, and enable us to form decided opin- 
ions concerning the geological age of the mountains them- 
selves. 

In addition to these parties covering definite districts, a 
fifth, under Dr. White, who has succeeded the late Mr. Meek 
as paleontologist to the survey, was assigned a special duty 
—viz.,to endeavor to correlate the scattered stratigraphical 
observations which have been made by different parties on 
either side of the Rocky Mountain chain and of the Uintas. 
With his party he therefore travelled in such directions as 
would enable him to examine the geological formations in 
their succession, so as to determine as far as possible the 
questions which have arisen concerning the limits of each, 
its correlation with the others, and to define its paleonto- 
logical characteristics. Such a work must precede any ra- 
tional classification of the different formations. 

He first traversed in various directions the plains at the 
eastern base of the Rocky Mountains of Colorado between 
Cheyenne and Denver; he next crossed the mountains by 
way of Boulder Pass, the Middle and Egeria Parks, to the 
head-waters of the Yampa, and passed a short way down that 
stream. Crossing the divide between this river and the 
White, he followed the latter nearly to Utah, then turned 
northward and crossed the Green River at the southern base 
of the Uintas, making many détours on the way; skirted the 
whole length of the Uinta Mountains westward, turned them 
by twice crossing the Wahsatch Mountains, and then followed 

' 
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their northern side back to Rawlins, on the Union Pacific 
Railroad. 
By this survey he has been able, as he believes, to show 

the identity of the lignitic series of strata east of the Rocky 
Mountains, in Colorado, with the Fort Union group of the 
Upper Missouri River, and with the great Laramie group of 
the Green River basin. The relative age of these beds has 
been a matter of long dispute among geologists, but the in- 
vestigations of this year have proved their complete equiva- 
lence by the discovery not merely of one or two doubtful 
species common to the strata at any one point, but by an 
identical molluscan fauna ranging through the whole series 
in each of these regions. He also finds the plains of demar- 
cation between any of the Mesozoic and Cenozoic groups, 
from the Dakota or Lower Cretaceous to the Bridger or 
Higher Tertiary, inclusive, to be either indefinable or very 
obscure; showing that, whatever abrupt changes may have 
taken place elsewhere during that period, sedimentation was 

_here probably continuous. While each of the groups of 
either series possesses its own peculiar paleontological char- 
acteristics, it is also true that certain species pass beyond 
the recognized boundaries of each within the series. 

While this ends our account of the regular exploring par- 
ties attached to the survey, it does not complete its activi- 
ties. Under its auspices several parties have been making 
special investigations in the field. To gain a general con- 
ception of the vegetation of the Rocky Mountain region, 
and of its relations to that of the rest of North America, Sir 
Joseph Hooker and Dr. Asa Gray examined many parts of 
Colorado, Wyoming, Utah, Nevada, and California, travelling 
in all some 9000 miles. The results of their studies will ap- 
pear in detail through the publications of the survey; but 
they are already able to state that the vegetation of the mid- 
dle latitudes of North America resolves itself into three prin- 
cipal meridional floras, far more diverse than those presented 
by any similar meridians in the Old World—being, in fact, 
so far as the trees, shrubs, and many genera of herbaceous 
plants are concerned, absolutely distinct. Each of them is 
subdivisible into three. The first region comprises the At- 
lantic slope and Mississippi valley, and is subdivisible into 
an Atlantic, a Mississippi, and an interposed mountain, or 
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Appalachian region, with a temperate and subalpine flora. 
The second embraces the Pacific slope, and is subdivisible 
into a very humid, cool, forest-clad Coast range; the great, 
hot, drier California valley, formed by the San Joachin and 
the Sacramento, flowing (the one north, the other south) into 
the bay of San Francisco; and the Sierra Nevada, with a 
temperate, subalpine, and alpine flora. The vegetation of the 
third, or Rocky Mountain region, comprising all the country 
lying between the two districts already mentioned, is sub- 
divisible into a prairie flora, found principally along the east- 
ern flanks of the Rocky Mountains proper; a desert or saline 
flora, covering the greater part of Nevada, Utah, and Ari- 
zona; and a Rocky Mountain proper flora, temperate, sub- 
alpine, and alpine. The Appalachians and the Rocky Moun- 
tains, therefore, severally divide the floras of their respective 
districts into separate east and west sections; while in the 
California district, a hot and dry valley effects a similar re- 
sult by intervening between two parallel ranges of moun- 
tains. The difference between the Atlantic and Pacific floras 
is specifically and to a great extent generically absolute, 
not a pine, oak, maple, elm, plane, or birch of Eastern Amer- 
ica extending to Western, and genera of thirty to fifty spe- 
cies being confined to each. The Rocky Mountain region, 
again, though abundantly distinct from both, has a few el- 
ements of the Eastern region, and still more of the Western. 

Under the auspices of the same survey, Professor Joseph 
Leidy, of Philadelphia, made a careful examination of the 
country about Fort Bridger, Wy., and of the Salt Lake ba- 
sin, to study in life the fresh-water rhizopods of that region, 
in preparation of a work for the survey upon the subject; 
and Messrs. 8. H. Scudder and F. C. Bowditch, of Cambridge 
and Boston, travelled through much of Colorado and Wy- 
oming, and a corner of Utah, making collections of recent 
insects; but especially in search of fossil insects, which were 
known to occur at various distant points in the Rocky Moun- 
tain region. Travelling most of the time, they made their 
longest halts at Green River, Wy., and at Florissant, near 
Manitou, Col.,in both of which places fossil insects are abun- 
dant in the Tertiary beds. In the former locality, however, 
most of them proved so imperfect and indistinct as to be 
nearly useless for study; but at the latter they found a de- 
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posit, probably of Miocene age, astonishingly rich in insect 
remains, many of them beautifully preserved. During the 
past year about 20,000 insects have been exhumed from this 
single locality; and scarcely an impression has been made 
upon the quarries, although perhaps more labor will hereaf- 
ter be required in working them. In company with Profess- 
or Lakes, of Golden, they made as careful a survey of the 
basin in which they occur as their short stay permitted, and 
estimate the insect- bearing shales to have an extent fifty 
times as great as the richest localities known in Europe. 

The geographical and geological survey of the Rocky 
Mountain region under Major Powell, to which, from its 
departmental connection with Dr. Hayden’s survey, atten- 
tion is next invited, confined its operations the past season 
almost entirely to the central portion of Eastern Utah, an 
area containing about 16,000 square miles, embraced be- 
tween 38° and 40°30’ N. lat. and between 109° 30’ and 112° 
W.long. Neatly the whole of this region is drained by the 
Green River and its affluents, before it unites with the Grand 
to form the Colorado, and is one of the most arid, inhospita- 
ble, and inaccessible in the country. It is an elevated plateau, 
cut by a labyrinth of cations and narrow gorges, and covered 
in many parts by hills of naked sand and clays. The west- 
ern portion, however, includes broad valleys, abrupt ranges 
of mountains, and one plateau of considerable extent, having 
an average elevation of 8000 feet. The valleys, which con- 
tain large areas of excellent land, run north and south, sepa- 
rated by three ranges of mountains, rising in their highest 
peaks to from 10,000 to 12,000 feet, and are drained by 
streams flowing westerly into Utah Lake. 

With Pleasant City, a little town about one hundred and 
twenty-five miles south of Salt Lake City, as a base of sup- 
plies, three parties were organized — one for geodetical and 
two for topographicalework. The triangulation was extend- 
ed over the entire area selected. The work rests upon base- 
lines established in former years near Kanab and Gunnison, 
Utah, and was connected on the east with the triangulation 
points established by Hayden’s Survey, and on the north 
with those of the Fortieth Parallel Survey under Mr. King. 
On account of the rumored hostility of the Utes in a portion 
of the district (rumors which proved groundless), the trian- 
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gulating party was united for a portion of the time with one 
of the topographical parties for mutual support. This party 
took the eastern portion of the field, which is separated from 
the western at not far from 110° 30’ W. long., and includes 
that part of Utah above 38° N. lat. which lies east of the 
Green and Colorado rivers—in all about 10,000 square 
miles. ‘The party carried the secondary triangulation over 
this district, with stations averaging ten miles apart; made 
a connected plane-table map of the whole, and complement- 
ed the work with orographic sketches. 

The second topographical party, occupying the western 
portion, was assigned an area more mountainous than that 
to the east, embracing about 6000 square miles: in this it oc- 
cupied topographical stations at average distances of about 
ten miles, and measured all the angles of nearly every trian- 
ele in the secondary extension; and, like the first party, made 
sketches and a plane-table map of the entire area. 

Besides this purely topographical work, mercurial barome- 
ters were carried by each field party ; and observations were 
made to connect every camp with the base-station at Mount 
Pleasant, where observations were taken four times a day, 
and also hourly during eight days in each month. All the 
geodetic points and topographical stations were also con- 
nected by barometric observations, either with the camps, 
the base-station, or both; and the altitudes of all located 
points were observed by the measurement of vertical angles. 

This hypsometric work is deemed by the director of the 
survey to be of the greatest importance in the classification 
of lands, and in determining the best methods of utilizing 
the waters of streams for irrigation. On account of its prac- 
tical utility to the agricultural industries of the country, 
Major Powell suggests the establishment of a hypsometric 
base-line from Lake Michigan to the Pacific Ocean, from 
which lateral lines could be run to the base-stations used for 
each season. ‘The methods of levelling by which were deter- 
mined the elevations of points along the Pacific Railway (now 
used as a general base) were not of sufficient refinement for 
present needs. The work requires great care and thorough 
discussion, and should be undertaken by the Interoceanic 
Geodetic Connection of the Coast Survey. New tables 
also should be made, based upon series of observations in 
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the Rocky Mountain region itself, at stations connected by 
careful levelling, both with each other and a determined 
base. Those now in use are founded on observations at 
somewhat distant points in Switzerland, under climatic con- 
ditions greatly different from those obtaining in the Rocky 
Mountains. Such a series of observations, however, would 
need to extend over long periods to attain the desired re- 
sult. 

Besides the three parties mentioned, separate geological 
investigations were carried on in other parts of Utah by Mr. 
Gilbert and by a party under Captain Dutton. The classi- 
fication of lands occupied much of their attention. Mr. Gil- 
bert traversed that portion of the drainage basin of Great 
Salt Lake which lies in Utah: it includes within its limits 
the most valuable land of the territory, as well as some of 
the most sterile, where the possibility of agriculture depends 
on the possibility of irrigation. By measuring the volumes 
of the streams, an attempt was made to ascertain the agri- 
cultural capabilities of the river valleys. Some of the smaller 
ones proved inadequate to serve the lands, otherwise arable, 
through which they run. East of the lake more than twelve 
per cent. of the district is reclaimable; while west of it only 
a fourth of one per cent. is of value for farming. It is also 
estimated that about two and one third per cent. of the whole 
territory of Utah can be redeemed by the utilization of the 
streams, but without the construction of reservoirs; and that 
one third part of the irrigable lands of the Salt Lake basin is 
now under cultivation. 

An investigation was also made of the climate of the dis- 
trict, as recorded in the rise and fall of Great Salt Lake. 
Until recently, no systematic record of its fluctuations has 
been kept; but from inquiry among the settlers it appears 
that the water is now much higher than formerly. From 
1847 to 1850 it was low; then for five years it rose at about 
the rate of one foot per annum, afterwards fell to its original 
level (in 1861-62), and then continued to rise until 1868, 
when it reached its present height—ten feet above that first 
observed—which, with slight fluctuations, it has maintained 
ever since. Since the area of the lake is much greater with 
this increased altitude, and the loss by evaporation corre- 
spondingly increased, the inflowing water must be one tenth 
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part greater than formerly. Should it fall to its former level, 
it is plain that the possibilities of irrigation would be dimin- 
ished. 

It further appears by the studies of this geologist that the 
system of upward and downward movements by which the 
mountain ranges of the valleys of Utah and Nevada were 
produced have continued down to the present time. Evyi- 
dences of recent movements have been discovered on the 
lines of ancient faults. The old shore-lines of Great Salt 
Lake, indicated by bench-marks upon the surrounding moun- 
tains, are no longer level, but have been elevated or depress- 
ed with the displacement of the mountain masses. Differences 
of nearly one hundred feet are found in the immediate vicin- 
ity of the lake, where the ancient shore-lines lie a thousand 
feet above their present level; but the barometer indicates 
that the discrepancy is greater at more remote points. 

The geological party under Captain Dutton explored the 
plateaux drained by the Sevier River and its tributaries in 
Southern Utah, making a special study of the distribution of 
the eruptive rocks, and the methods and results of atmos- 
pheric degradation. Particular attention was also given by 
all parties to the extent of the forests, and the fact elicited 
that the area where standing timber is actually found is 
very much smaller than the areas where the conditions are 
such that timber should be growing spontaneously — that 
is, the timber area is but a small fraction of the timber re- 
gion. Since the destruction of forests by fire greatly ex- 
ceeds their removal for economic purposes, the best method 
of preventing these fires is an important problem. 

In addition to these various labors, the survey has been 
collecting with great care and pains most valuable ethno- 
graphic material, particular attention being paid to vital 
statistics, the discovery of linguistic affinities, the progress 
made by the Indians towards civilization, and the causes 
and remedies for the inevitable conflict that arises from the 
spread of civilization over a region previously inhabited by 
savages. It is believed that the publications of the survey 
in this direction will have a peculiar value. 

Passing now to the geographical survey west of the one 
hundredth meridian, carried on by the corps of engineers un- 
der the immediate charge of Lieutenant Wheeler, we find that 
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the expedition of 1877 entered the field early in May, with a 
force aggregating forty men, divided into three sections. Six 
main and four minor parties traversed and gathered map- 
material in portions of Colorado, New Mexico, Texas, Utah, 
Wyoming, Idaho, Montana, Nevada, California, and Oregon. 
A special feature of the expedition has been the elabora- 

tion of the over- and under-ground survey of the Washoe 
mining region, containing the well-known Comstock lode. 
The contour of the entire district has been completed, and 
will be delineated on a scale of one inch to five hundred feet ; 
while the profiles at distances of one hundred feet, showing 
the position of vein-matter, ore-bearing bodies, and adjacent 
country rock, have been well advanced. The position and 
extent of the drifts have been determined at most levels, and 
an extended longitudinal section of the entire vein is nearly 
completed. In this labor the mining superintendents and 
local engineers have greatly assisted Mr. J. A. Church, M.E., 
in charge of the work, by contributions from their store of 
detailed maps, which show the underground openings of all 
the prominent mines. This special survey, when terminated, 
will furnish a complete analysis of all branches of silver-min- 
ing as conducted at this peculiarly interesting mining centre, 
typical of its kind, and will supplement the admirable work 
in this same district made a few years ago by Mr. Clarence 
King. 

Data were also gathered for constructing a detailed topo- 
graphical map of the Lake Tahoe region, in the Sierra Neva- 
da, on a scale of an inch to amile. The other field parties 
were engaged in surveys necessary for obtaining material 
for a topographical map, on ascale of one inch to eight miles, 
of the entire western mountain interior. 

The area covered by the examinations of the geologist, Mr. 
A. R. Conkling, extended in the Sierra Nevada from San An- 
dreas and Placerville on the west, to the Como Mountains 
on the east. This region was found to be composed of igne- 
ous and metamorphic rocks, to the almost complete exclu- 
sion of sedimentary rocks. The most common forms are 
diorite, basalt, hornblende, porphyry, feldspathic porphyry, 
and volcanic breccia. Many Tertiary Unionide, and also 
bird-tracks, were found at the quarry near Carson. Signs 
of glacial phenomena were noticed in many localities, be- 
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sides evidences of several distinct glacier systems. No very 
high peaks occur in this region, the loftiest being only about 
11,500 feet. There are many cafons of great depth — that 
of the middle fork of American River measuring 3000 feet. 
Upon the western slope of the Sierras there is much mineral 
wealth, and the greater portion of this ore-bearing belt is 
referred by Mr. Conkling to the Archean period. Some valu- 
able deposits also occur along the eastern slope. 

During this as in previous years, zoological work has been 
prosecuted to the fullest extent practicable. Mr. H. W. Hen- 
shaw was attached as naturalist to the party whose area of 
survey extended from Carson, Ney., northward along the 
eastern slope of the Sierras, into the northern portion of Or- 
egon. This region is exceptional in the number of large and 
small lakes found within its limits, affording an opportunity 
for studying the habits of western water-birds; and a large 
series of skins and eggs was gathered. The avifauna of 
this portion of the eastern slope was found to correspond 
very closely with that of the region southward. Various 
collections were also made in several branches of natural 
history —the fishes, grasshoppers, and butterflies receiving 
special attention. 

The accumulation of data and material in the various 
branches of the survey during this year is in excess of 
the amounts obtained in any one of the former years. An 
area of about 30,000 square miles was surveyed, admitting 
of representation, says Lieutenant Wheeler, upon a scale of 
one inch to two miles. Three base-lines were measured; the 
number of main and secondary triangulation stations oc- 
cupied, and points established latitudinally by cross-sights 
and the three-point method, was approximately 4000. The 
altitude of a large number of stations on mountain - peaks 
and at other prominent points was determined barometrical- 
ly. More than 12,000 miles were meandered along roads and 
streams. Extended observations were made to ascertain close- 
ly the amount of arable, grazing, timber, mineral, and arid 
areas surveyed; and these examinations will hereafter form 
one of the adjuncts of the topographical survey proper. The 
parties disbanded at Ogden, Utah; Carson, Nev.; Fort Gar- 
land, Col., and Fort Union, N. Mex., between November 
25 and December 10, at the close of an extended field 
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season of from five and a half to six months’ continuous 
labor. 
A few draughtsmen at the Washington office have been 

constantly employed in completing the final maps; and a 
temporary field-office has been established at Ogden, Utah, 
where preliminary reductions will be made; and from this 
point parties organizing can start in the early spring. Of 
the total area west of the one hundredth meridian maps are 
in progress, covering approximately 350,000 square miles, 
or about one fourth of the entire region. 

In all the divisions of the Department of War we find a 
system of reports based on the fiscal, and not on the calen- 
dar year; and as our information, apart from Lieutenant 
Wheeler’s survey, is mainly dependent upon reports pre- 
pared to cover the year’s work from July, 1876, to July, 
1877, our account of other work by the Engineers must to 
some degree correspond to the same period. 

In the military department of Dakota, some attention has 
been given by the chief-engineer to topographical work in 
the field, and the collection of geographical and geological 
information: this was particularly the case in the expedition 
against the hostile Sioux in the summer of 1876. This ex- 
pedition moved westward from Fort Abraham Lincoln, on 
the Missouri, to the Yellowstone and Big Horn rivers; and, 
returning, went to the relief of Major Reno after the discom- 
fiture of General Custer. 

In the department of the Platte, reconnoissances have been 
made following half a dozen routes through unoccupied or 
partially occupied country, principally centring upon Fort 
Fetterman, Wy., on the north fork of the Platte, and in all 
aggregating five hundred to six hundred miles. The longi- 
tude of Fort Fetterman was determined by telegraphic time- 
signals exchanged with Detroit; and meteorological obser- 
vations have been taken during several months at Forts Fet- 
terman and Laramie. 

From the military department of Missouri a survey was 
undertaken of the sources of the Red River of Texas. The 
route of the party lay from Fort Elliott, in Northern Texas, 
directly across the numerous forks of the upper waters of 
Red River and back again. A stadia-line was run the whole 
distance—the meridian determined, when practicable, at each 
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camp by a portable transit; and from the line so established 
the azimuth of the course was taken by the theodolite and 
preserved by back-sights on the march, Sketches, geolog- 
ical notes, and meteorological observations were also taken, 
and some meagre collections in natural history were made. 
The botany has been reported upon by Drs. Wilcox and 
Wood, the insects by Mr. Strecker, and the geology by Lieu- 
tenant Ruffner, of the Engineers, who conducted the explora- 
tion. 

The field-work of Mr. King’s survey of the fortieth paral- 
lel was finished several years ago. The office-work still con- 
tinues, but will soon be completed. The entire publication 
will consist of seven quarto volumes and an atlas, all of 
which have been published, with the exception of the first 
volume, on Systematic Geology, by Mr. King (the manu- 
script of which is ready), and the last on Vertebrate Pale- 
ontology, by Professor Marsh, which it is hoped will be fin- 
ished the present year. 

The survey of the Great Lakes and of the Mississippi River 
is also under the charge of the Engineers, The reconnois- 
sance for primary triangulation has been extended from 
Cleveland, O., to the west end of Lake Erie, and the read- 
ings of the angles of this triangulation have been continued 
from Painesville to Cleveland. A beginning has also been 
made upon the triangulation which is to connect Lake Mich- 
igan and Lake Erie, stations having been erected for one 
hundred miles east from the southern end of Lake Michigan. 
At the same time the topography and hydrography have 
been carried from Vermilion, O., to the western extremity 

of Lake Erie, and the measurement of a primary base-line 
with the new Repsold apparatus, begun at Summit, Ill., was 
finished last summer. Astronomical work has also been con- 
tinued at the observatory of the survey at Detroit, in deter- 
mination of points in aid of the state survey of Michigan. 
Observations have been made to determine the height of the 
lakes. For this purpose a line of levels of precision has been 
run independently, in duplicate, from Escanaba, at the north 
end of Green Bay, to Marquette, on the adjoining shore of 
Lake Superior, a distance of sixty-five miles. The two lines, 
on reaching Marquette, differed by 31.4 millimeters, and at 
no point was the difference greater than 41.8 millimeters. 
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The highest elevation above Lake Superior which the lines 
traversed was one hundred and ninety meters. The result- 
ing height of the mean surface of Lake Superior above that 
of Lake Michigan is 6.249 meters, or 20.5 feet. In a similar 
way, the line from Lake Erie to Lake Huron has been relev- 
elled, and a preliminary reduction gives the height of Lake 
Superior above mean tide at New York as six hundred and 
two feet. Water-level observations have been continued at 
two stations each on Lakes Ontario, Erie, and Michigan; one 
each on Lakes Superior and Huron, and in the straits con- 
necting Lake Huron with Lake Superior on the one side and 
with Lake Erie on the other. Six lnes of soundings have 
been carried across Lake Erie, besides many shorter lines to 
complete the hydrography, for which, to mention one only 
of many details in this branch of the work, over 40,000 casts 
of the lead are reported. 

The extension of the survey to the Mississippi was begun 
in November, 1876; its object is to construct a good map of 
the river, and to obtain data for any improvements needed 
in its navigation, and for the location of levees. The party 
undertaking it was instructed to base the topography on a 
secondary triangulation, so that the work might be the reli- 
able base for all future partial surveys; to erect numerous 
permanent stone marks, determined in position and height ; 
to run continuous lines of level along the river-bank, and 
also back from the river once in each mile, so as to locate 
contour lines for every three feet of elevation. The survey 
was begun at Cairo, Ill.,and pushed southward for fifteen 
miles. A base-line a little over a mile in leneth was meas- 
ured, and from it the triangulation was carried about seven 
miles, fourteen stations being occupied: the topography 
was carried back one mile from the shore-line. Permanent 
reference marks were set in three straight lines across the 
river, five or six miles apart, each consisting of two stones 
on either side of the river, placed respectively one and three 
half-miles from the river-bank. From old surveys made by 
the government in 1809-10, it appears that portions of the 
banks have been washed away to the depth of nearly half a 
mile. The character of the bottom of the river was care- 
fully examined, and borings made near Cairo to study the 
old bed. A line of levels of precision was also run from 
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Cairo to Columbus, Ky. During the past summer the work 
has been carried on simultaneously at Cairo and at Mem- 
phis, and the latitude and longitude of both these places 
have been determined. 

During the year the survey has occupied thirteen primary 
and fourteen secondary triangulation stations, completed one 
hundred and fifty-nine square miles of topography and one 
hundred and thirty-three square miles of inshore hydrogra- 
phy, and developed two hundred and four miles of shore- 
line. Latitudes of three and longitudes of nine places have 
been determined. Since 1852 it has issued fifty-six charts, 
on scales varying from 1: 5000 to 1: 40,000. 

This completes the account of surveys carried on under 
the War Department. Turning now to the Coast Survey, 
which is under the direction of the Treasury, and which has 
by far the most complete organization for surveys of large 
extent and great precision, we find that its regular work 
was prosecuted during the past year with its accustomed 
energy, although Congress had greatly curtailed the appro- 
priations in a misdirected attempt at economy in public ex- 
penditures. On the Atlantic coast the survey now presents 
a continuous chain from Mount Desert to Cape Canaveral. 
During the year progress has been made in pushing the to- 
pography eastward in Maine and southward in Florida: off 
shore soundings have been obtained in both regions, and lo- 
eal resurveys have been made of entrances where important 
changes had occurred. The fact that so many of our har- 
bors are barred by sands or are encroached upon by silt de- 
mands a constant watch over the channels leading into im- 
portant seaports, and no inconsiderable means are annually 
devoted to this end. For New York Harbor, the entrance 
to which is formed by narrow channels scoured by the ebb 
current through a cordon of sands, an annual examination 
is found necessary. Philadelphia, Baltimore, and Beaufort, 
N.C., have likewise had special surveys during the past year. 
An interesting examination of the salinity of the waters of 
Chesapeake Bay and its estuaries has been made, with a 
view to a study of its general regimen, and as bearing upon 
the important question of oyster-culture. But the most 
interesting part of the work during the past year, on the 
Atlantic coast, is the closing of the chain of fundamental 
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triangles extending along the southern portion of the Appa- 
lachian Mountains, and completing a continuous geodesic are 
from Passamaquoddy Bay to Central Georgia. This work, 
with its five base-lines and numerous determinations of azi- 
muth, latitude, and longitude, not only furnishes an exact 
framework for the survey of the states through which it 
passes, but is an important addition to our data for deter- 
mining the figure and magnitude of the earth. 

Pursuing our review of the work around the shores of the 
Gulf of Mexico, we find the survey completed from Cape 
Florida to the Tortugas and Cape Sable. Some long reach- 
es are yet to be mapped between the latter point and Cedar 
Keys, on the west coast of Florida; but from this point to 
the Mississippi delta the survey of the shores is unbroken. 
West of this there are again several breaks until we reach 
Galveston, whence the survey is again complete to Corpus 
Christi. Offshore soundings are, however, still wanting 
along a portion of the coasts just cited. Deep soundings 
have been taken most suecessfully in the Gulf, developing 
the form of this great basin, and, by the aid of temperatures 
at all depths, its regimen and circulation. Work has been 
in progress from Tampa Bay southward, in the vicinity of 
Cedar Keys, on Barataria Bay, from Corpus Christi towards 
the Rio Grande, and on the Mississippi River northward 
from New Orleans. The latter work has a special value in 
connection with the question of securing the banks from 
overflow, and will be vigorously pressed—a fresh point of 
departure having recently been taken near Helena, Ark., 
whence the survey will be carried to the head of ship navi- 
gation, and will be met near Memphis by a transcontinental 
chain of triangles, to which I shall presently refer. 

On the Pacific coast the survey has been in progress in 
Southern California, especially on the Santa Barbara chan- 
nels and adjacent islands—a work rendered very difficult and 
slow of progress by fogs and haze; also north of Point Con- 
ception, above Cape Mendocino; on the coast of Oregon, on 
the Columbia River, and in Puget Sound. Very notewor- 
thy is the occupation of Mount Diablo and Mount Helena, 
peaks of the Coast range, as the westernmost stations of the 
great transcontinental chain, and the observation of angles 
upon stations in the Sierra Nevada, forming some of the 
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largest triangles ever observed, and clearing at a single step 
the interval between the Coast range and the Sierras, one of 

the diagonals in the quadrilateral being one hundred and 
sixty-two miles long. This is part of a general scheme for 
uniting in one system the Atlantic and Pacific coast triangu- 
lations which about five years since was authorized by Con- 
gress; and here good progress has been made, not only by 
the requisite reconnoissance, but by actual triangulation. 

On the southern branch of this transcontinental triangu- 
lation, the work has been actually executed from Atlanta 
across Georgia and Alabama, and laid out to the vicinity of 
Memphis. On the northern branch the scheme has been 
perfected to the Ohio River, and from a central point near 
St. Louis the triangulation has been carried westward half- 
way across Missouri, while the reconnoissance has been ex- 
tended eastward across Illinois. Numerous interior posi- 
tions have been accurately determined in latitude and lon- 
gitude, by astronomical observations, and a line of levels of 
extreme precision between the two oceans begun. In au- 
thorizing this work, Congress provided that by furnishing 
the general triangulation, the aid of the Coast Survey or- 
ganization should be given to those states that have provid- 
ed for a topographical survey of their area. Under this 
provision, triangulation has progressed in the states of New 
Hampshire, New Jersey, Pennsylvania, Tennessee, Kentucky, 
and Wisconsin. It is to be regretted that all this work, 
looking directly towards a comprehensive scheme of a gen- 
eral trigonometrical survey of the whole country, has been 
interrupted by the failure of the last Congress to provide 
any means for its prosecution. 
We cannot leave the Coast Survey without adverting to 

its perfect and beautiful maps, its “Coast Pilot,” its tide-ta- 
bles, published annually, and its magnetic charts; but any 
particular enumeration of these and other matters would 
carry us too far away from our present purpose. 

Last spring the government instituted, under the Depart- 
ment of the Interior, an Entomological Commission, whose 
special object was to make a thorough examination into the 
locust evil and suggest remedies. Messrs. Riley, Packard, 
and Thomas were appointed, and divided between them the 
possible locust area, or the region west of the ninety-fourth 
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meridian. Mr. Riley chose for his examination the southern 
half of the district east of the Rocky Mountains—that is, 
south of Denver, or the fortieth parallel; also the western 
part of Iowa, and, conjointly with Dr. Packard, British Amer- 
ica, Dr. Packard took also the entire region west of the 
Rocky Mountain range; and Mr. Thomas the district east 
of it lying north of the fortieth parallel, They hope to ar- 
rive at a complete understanding of the nature of the breed- 
ing-places of this dreadful scourge; the natural limits of its 
distribution east, west, and north; the area of its past inva- 
sions; the exact nature of its migrations; and what species 
it is which is injurious upon the Pacific coast. They will 
also make experiments to determine the comparative value 
of preventive measures. 

The commission was appointed late in March, and early in 
April Mr. Riley was on his way to Texas. In May and June 
he visited Kansas; in July, Colorado; in August and Sep- 
tember, Ontario and Manitoba. Mr. Thomas made several 
visits to Nebraska, Minnesota, and Iowa. Dr. Packard chose 
the westernmost field, and made two journeys. On the first 
he went to Colorado, Wyoming, and Utah; then turned north 
through Eastern Idaho and Central Montana to Fort Benton, 
and followed the Missouri 1200 miles to the western limit of 
the Northern Pacific Railroad. On his second trip he trav- 
elled directly to California, and from Sacramento went by 
way of Shasta Valley and Portland, Oregon, to Wallula, on 
the Columbia, and then north through Washington Terri- 
tory to the British boundary, returning to California by sea. 
The commission therefore covered in a cursory way the en- 
tire territory, securing a general view, which future seasons 
may enable them to fill to better advantage. The district 
examined by Dr. Packard was the newest, and in some re- 
spects the most important. On his first journey he collect- 
ed data tending to prove that the breeding-ground of the 
locust (Caloptenus spretus) includes a vast region between 
longitude 102° W. and the Rocky Mountains, and even ex- 
tending beyond them in certain parts of Montana. On his 
second journey he found he must place the limits of its range 
much farther, so as to include almost the entire country be- 
tween the Rocky Mountains and the Sierra Nevada; and 
the general result of his studies seems to be that the perma- 
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nent breeding-grounds of this locust extend in one direction 
across the entire breadth of the United States, and even pass 
northward to the Upper Saskatchewan; and in the other 
reach from the Sierra Nevada to the limits between plain’ 
and prairie east of the Rocky Mountains. If this be true, 
the district outside their breeding-grounds which they peri- 
odically invade is a belt of country lying east of it, about 
five degrees in width, and less than half as large as their 
natural territory. 

The results attained by the commission during its first 
year show conclusively the wisdom of its appointment, and 
lead us to believe that it will be continued until the com- 
plete history, habits, and distribution of this insect are 
known. Only in this way can we expect to cope with so 
terrible an enemy. 

The only other government commission coming within our 
field is that of Fish and Fisheries, and of this it is simply 
necessary to say that with its headquarters at Salem, Mass., 
and subsequently at Halifax, it covered its usual routine of 
research in marine zoology and ocean physics on the coasts 
of Massachusetts and Nova Scotia. 

In this connection, however, mention should be made of 
the Smithsonian explorations, on account of the intimate re- 
lations of this institution to the government. 

The natural-history exploration of Alaska has for a long 
time been a special object of interest with the Institution, 
and as early as 1865 it induced the Western Union Tele- 
graph Company, then at work in this region, to add to its 
corps several skilled naturalists and collectors. Their la- 
bors were directed by the Institution, and the results have 
become part of the history of the progress of American sci- 
ence. With the acquisition of Alaska in 1867, the special 
operations of the Institution were renewed; and, by the 
hearty co-operation of various departments of the govern- 
ment, additional results of great value have been secured. 

The most important contributions of late years have been 
those furnished by Mr. Henry W. Elliott, special agent of the 
Treasury Department, on the Pribylov Islands; by Mr. Will- 
iam H. Dall, of the United States Coast Survey; and by 
Messrs. Turner and Nelson, attached to the Signal Service 
of the War Department. Mr. Lucien M. Turner, stationed 
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for several years at St. Michael’s, Norton Sound, transmitted 
large numbers of birds and their eggs, skins and skeletons 
of mammals and other vertebrates. More important, per- 
haps, was an extensive series of specimens illustrative of 
the ethnological peculiarities of the Esquimaux and other 
tribes. The last of these collections (received in the sum- 
mer of 1877) was particularly rich in Esquimaux carvings 
in bone, reproducing the characteristics of the carvings of 
the reindeer period as found in the caverns of France and 
Germany. 

In the summer of 1877, Mr. Turner was superseded by Mr. 
EK. W. Nelson, who, by the last advices, had made large collec- 
tions and some interesting zoological discoveries. On this, 
as on other occasions, the chief signal officer of the army 
has joined heartily with the Institution in a thorough ex- 
ploration of the physical and natural features of various un- 
explored regions. In the same connection, due credit should 
be given to the Alaska Commercial Company, which, con- 
trary to the usual policy of corporations, has gone hand in 
hand with the Institution in its efforts to secure a thorough 
knowledge of the territory, by making large and valuable 
collections, by instituting meteorological observations, and 
by supplying mineralogical, zoological, and ethnological sta- 
tistics. 

Since December, 1876, Mr. Frederic A. Ober has been en- 
gaged, under the auspices of the Institution, in a systematic 
exploration of the natural history and ethnology of the West 
India Islands. In the course of this work he has thoroughly 
explored the islands of Dominica, Antigua, St. Vincent, Bar- 
badoes, and other points; and his collections have already 
furnished several new species of birds and other animals. 
He has also forwarded many important observations and 
ethnological objects illustrative of the manner of life of the 
scattered survivors of the Carib race, which formerly occu- 
pied the group. 

One of the most important archeological explorations of 
1877 was conducted by the Rev. Stephen Bowers, among the 
ancient ruins of the islands and mainland of Santa Barbara 
County, Cal., in continuation of previous researches made by 
him in connection with Lieutenant Wheeler’s expeditions. 
He has secured and forwarded to Washington many thou- 
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sand pieces, which have been added to collections of a sim- 
ilar character previously obtained by Messrs. Schumacher, 
Harwood, Dall, and others. The expenses of these research- 
es were shared by the Smithsonian Institution and the sur- 
vey of Major Powell. 

In the autumn of 1876, Mr. G. Brown Goode, assistant cu- 
rator in the National Museum, visited Bermuda, and remain- 
ed there until the spring of 1877. His researches on that 
island were exhaustive, and resulted in the discovery of 
many species of marine animals either new to science or ‘pre- 
viously unrecorded by naturalists from that quarter. In this 
work he had the co-operation of Mr. J. Matthew Jones, of 
Halifax, who has for many years devoted himself to the 
natural history of Bermuda. 

Several years ago Dr. J. F. Bransford, U.S.N., while on 
duty with the expedition sent out by the Navy Department 
to investigate the practicability of constructing an inter- 
oceanic canal through Nicaragua, was attracted by the nu- 
merous remains of ancient pottery, stone, etc. In 1876 he 
was again sent out by the department to review some points 
of the route, and once more in 1877. During these later 
visits he made systematic researches into the archeology 
and natural history of Lake Nicaragua and its islands, and 
forwarded large numbers of specimens to the National Mu- 
seum. 

Let us now glance at one or two of the state surveys. 
Less than two years ago the State of New York appoint- 

ed a Board of Commissioners of a trigonometric and to- 
pographical survey, with Mr. J. T. Gardner as its director. 
Mr. Gardner has had long experience in Western surveys 
under Messrs. Whitney, King, and Hayden. With a small 
appropriation, the primary triangulation, starting from one 
of the United States Coast Survey triangles on the Hudson 
tiver as a base, has been extended this year over an area of 
about 3000 square miles, including parts of eleven counties, 
in which one hundred and seventy points have been located. 
Five primary stations have been occupied and three more 
observed upon. The average length of the sides of the tri- 
angles is about twenty-eight miles. All the angles were ob- 
served by Mr. Gardner himself with a twelve-inch circle 
reading to tenths of seconds by three micrometers. The 

a 
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preliminary computations show that the errors of closure in 
the triangles do not exceed those of the principal surveys of 
Europe and this country. The secondary and tertiary tri- 
angulation has also been extended over about 1700 square 
miles of the same district, including the greater part of five 
counties immediately west and northwest of Albany. With- 
in this area almost every town, village, and hamlet, as well 
as points a few miles apart along the important roads, has 
been located. One hundred and seventy-five miles of coun- 
ty boundary, including the whole or parts of nine counties, 
have been marked with granite monuments four feet high, 
and the position of a large number of them has been fixed 
trigonometrically. A map of this region will soon be con- 
structed. The local surveyors have already begun to base 
their surveys of private property on the state triangulation, 
and deeds are already on record in which the position of the 
land is described by giving the distance and direction of 
the nearest survey monument—the use of the needle being 
abandoned. 

Very little field-work has been undertaken the past season 
in the second state survey of Kentucky, under Professor N. 
S. Shaler, but progress has been made in the publications. 
The first four volumes of the economical reports are com- 
pleted, the fifth and sixth each about half done, and matter 
enough has accumulated for the completion of the unfinish- 
ed volumes. These volumes contain over fifty memoirs on 
the various resources of the commonwealth. <A first vol- 
ume of scientific memoirs has been published and a second 
commenced. Two volumes of photographic views are also 
ready for the press. Chemical analyses of over six hundred 
different samples of the products of the state have been 
made. Biennial appropriations are made for the continu- 
ance of this survey, which has now been in operation six 
years. 

Pennsylvania has also its second geological survey, under 
the direction of Professor J. P. Lesley, which practically 
commenced work in June, 1874, with appropriations provid- 
ing for its continuance until the close of next year. Pro- 
fessor Lesley has kindly furnished so admirable a digest of 
its operations that it is given in very nearly his own words. 
A small part of it has reference to the earlier as well as the 
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later years of the survey, but it will be none the less inter- 
esting on that account. 

The state was not regularly divided into districts, but the 
least-known portions were surveyed first. Five district sur- 
veys were organized: one in the azoic rocks; one in the 
Lower Silurian iron-ore limestone belt; one in the Upper 
Silurian fossil-ore belt, taking in the ore belt of the Lower 
Devonian; one in the oil- field, and one in the bituminous 
coal-field. Afterwards two other districts were occupied— 
one that of the Chemung rocks of the northern counties, and 
another in the bituminous coal-field. 

Gradually the number of independent assistant geologists 
was increased, so that in 1877 Professor Stevenson, Professor 
White, Mr. W. G. Platt, and Mr. Ashburner have surveyed 
separate parts of the bituminous-coal area. Mr. Carll and 
Mr. Chance have together continued the survey of the oil 
region. Mr. Sherwood has made colored outcrop maps of 
three northern counties, in addition to three previously made; 
Mr. Franklin Platt has finished Blair County; Mr. Chance has 
finished a large contour-line map of the Upper Juniata lime- 
stone region; Mr. Billin has half finished a large contour-line 
map of the Buffalo mountains; Mr. Sanders has nearly half 
finished the contour-line map of the South Mountain range; 
Mr. Berlin, under the direction of Professor Prime, has finish- 
ed the limestone belt iron-ore map as far west as Reading, 
and commenced the contours of the mountains between the 
Delaware and Schuylkill rivers; Professor Frazer has finish- 
ed a survey of Lancaster County; Mr. Sanders has laid in 
the outcrops of Cumberland County, and Mr. C. E. Hall and 
Mr. Fellows have made large collections and traced outcrops 
along the Philadelphia belt of azoic rocks. 

No changes have been made in the personnel of the corps 
since its organization. ‘The work is harmonious, the mem- 
bers zealous, and the results large—some of them new and 
unexpected; but in the main the accuracy of the old survey 
of 1835-41, under the brothers Rogers, has been satisfacto- 
rily established. 

The function of the new survey is one of differentiation 
and precision. The contour-line maps, on a large scale, 
based on a reticulation of transit and level work, are its best 
illustration. A multitude of connected, measured, vertical 
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sections, throughout the bituminous coal- field and oil re- 
gion, will leave nothing to be desired there in the perma- 
nent stratigraphical detinition and classification of the coal 
measures of the state. A new and brilliant light has thus 
been thrown upon the geology of coal. Another year’s work 
will give nearly all that is needed on the subject of glaci- 
ation. Nothing whatever has yet been done in the anthra- 
cite field. The materials for it, accumulated by the railroad 
and coal companies, are beyond calculation, and only need 
collation and publication to make such a survey complete. 

Thirteen octavo volumes of the survey have been printed 
and distributed, two more will shortly be published, and 
three others are going through the press. Two volumes 
are ready for the press and will soon be in hand; and ten 
volumes will be prepared this winter for printing in the 
spring of 1878. With the exception of three volumes of 
chemical analyses, one of oil-well records, one of railway 
and other levels, and one by Professor Lesquereux on the 
flora of the coal, these thirty volumes form a library of 
local county geological reports. Exhaustive indexes, geo- 
logically arranged, give them, however, a scientific value. 
The county maps published with them will be followed by 
a small pocket atlas of colored geological county maps of 
the state. 

The only object of the present survey is to put the geolo- 
gy of Pennsylvania within reach of every citizen of the state. 
If geologists find new knowledge in its publications, it is 
clear gain; for they are not written for geologists, but for 
the common people of Pennsylvania. Accuracy and com- 
pleteness are the only desiderata kept in view. 

The Geological and Natural-history Survey of Minnesota, 
though small in proportion to the preceding, possesses an 
independence of political influences and a stability which 
make it particularly worthy of our attention. It has just 
completed its sixth year, and is established on a secure 
though small financial basis, being under the supervision of, 
and making its reports to, the regents of the state univer- 
sity. It seems destined to do a good work for the state, 
so far as geology and the kindred sciences are concerned ; 
but the only basis for its topography appears to be the de- 
termination of the latitude and longitude of certain points 
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through the assistance of officers of the United States Lake 
Survey. 

Detailed geological surveys have been made in 1877 in 
Ramsey, Rice, Pipestone, and Rock counties; and prelimi- 
nary surveys in Goodhue, Wright, and Morrison counties, as 
well as along the line of the Northern Pacific and St. Paul 
and Duluth railways. A careful investigation has been 
made of the domestic water-supply in the Red River valley. 
The famous pipe-stone quarry has been described and map- 
ped. Paleontological and chemical studies have been ear- 
ried on in the laboratory, and the ornithologist and entomol- 
ogist have been active in the field. The latter has made val- 
uable observations on the ravages of the destructive locust. 

The following are the most important results of the year: 
Evidence has been obtained by Professor N. H. Winchell,-the 
geologist in charge of the survey, indicating the presence of 
Upper Trenton strata in Ramsey County, where its litho- 
logical and paleontological characters bear so close a resem- 
blance to those of the typical Cincinnati group as to sug- 
gest that the term Cincinnati may elsewhere have been 
wrongly applied to true Trenton limestones. The shaly 
condition of the rocks is believed to be due to the greater 
proximity of the old azoic axis of the continent, causing 
coarser sedimentation. 
A study of the more recent deposits shows that in the 

southwestern part of Minnesota the loess loam enters the 
state from the south, becoming gradually coarser in going 
north, with gravel-stones and pebbles, until it passes into a 
stony clay and at last into a true boulder clay, apparently 
continuous with the later boulder clay of the drift period. 
This would show the loam of the great rivers and lake val- 
leys of the West to be simply the drainage from the vast 
drift accumulations formed further north at the time of the 
last glacial epoch. 
The investigation of the drinking-water in the Red River 

valley was made because it had been feared that the noxious 
odors which prevail in wells sunk in this district, and which 
had proved disastrous to the health of the inhabitants, were 
due to the nature of the soil itself, and would always render 
the region unhealthy. It was found that the trouble extend- 
ed over the whole western-prairie portion of the state, and 
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was simply due to the persistent use of pine plank in walling 
the wells. Stone having to be brought from a distance, the 
early inhabitants have naturally taken the most available 
timber; and since the drift in which the wells are sunk is a 
tight clay, the decay of the sap and pitch of the wood has 
been confined to the water, instead of being carried away by 
easy drainage and gravelly subsoils. 

This by no means exhausts the number of states in which 
surveys of one kind or another—principally geological—are 
in operation. Alabama, Georgia, Mississippi, North Caroli- 
na, and Tennessee, in the south; Indiana, Michigan, Missouri, 
New Jersey, Wisconsin, Rhode Island, and perhaps Kansas, 
in the north—all have persons employed with a larger or 
smaller force, with or without pay, making regular or oc- 
casional reports to legislatures or boards of agriculture. 
Probably the number could be increased. And surveys on 
2% somewhat extensive scale have just been completed in 
New Hampshire, Ohio, and Illinois. In most cases, how- 
ever, these surveys now in progress have mainly a local in- 
terest; and I have not, therefore, attempted to obtain special 

information concerning them. 
There have also been a few private explorations of some 

interest; although during the past year comparatively little 
has been done excepting by the Peabody Museum of Arche- 
ology at Harvard College. Under the auspices of this new 
institution, Dr. E. Palmer spent ten months in Southern Utah 
and Northern Arizona exploring the ancient mounds. These 
are not such as have been used for burial, but appear to be 
formed by the successive ruins of mud-houses; one house 
being built upon the levelled heap which the ruins of an 
earlier one furnished, and, in its turn, giving place to an- 
other, when the first has been levelled by atmospheric agen- 
cies. They are therefore mounds of residence, or ancient 
dwelling-sites; and a considerable variety of curious pot- 
tery has been found in them. Similar pottery was found by 
Dr. Palmer in some rock-caves in the same region; and both 
are probably to be referred to the old Pueblo race. Dr. 
Palmer also made zoological and botanical collections of 
considerable interest, coming as they do from regions sel- 
dom visited by naturalists, discovering a number of new 
plants and insects. He has recently gone, in the interests of 
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the museum, to Mexico, accompanied by Dr. Parry, who will 
devote himself to botany. 

Mr. Paul Schumacher has been exploring the island of 
Santa Catalina, off the southern coast of California. He has 
made some interesting discoveries concerning the manufact- 
ure of large stone pots, which, until the arrival of Europe- 
ans, or before 1650, the Indians made from steatite. He has 
found them in all stages of manufacture, and has even dis- 
covered the place whence they obtained the steatite. He also 
explored their burial-places. 

Mr. Henry Gillman has been engaged in the same work in 
the burial-mounds of Florida, but no returns have yet been 
received. 

Dr. C. C. Abbott has continued his examinations of the 
drift- gravel of New Jersey with most interesting results, 
bringing to light what is deemed conclusive evidence of the 
existence of man on this continent during the glacial epoch. 
In gravel acknowledged by Hunt, Pumpelly, and Shaler to 
be either of glacial or interglacial age, he has found a large 
number of stone objects, unquestionably fashioned by arti- 
ficial means. The discovery of implements in so many places 
where their presence cannot be referred to mere accident 
leaves no doubt in the minds of those who have examined 
the evidence that the conclusion of Dr. Abbott is essentially 
correct. 

Finally, the curator of the museum, Mr. F. W. Putnam, 
spent a portion of last summer exploring the mounds, stone- 
graves, and earthworks of Tennessee. He believes he has ob- 
tained conclusive proof that the localities so frequent in the 
West, surrounded by embankments of earth upon an exten- 
sive scale, were sites of villages, the embankments being 
purely protective. This is opposed to the views of Morgan, 
who maintains that the village houses were built upon the 
encircling mound, and opened into the common area, where 
vegetables were grown. As relics of the mound- builders, 
Mr. Putnam brought home a large collection of skeletons, 
pottery, stone implements, pipes, and various articles of shell 
and bone. Seven perforated pearls were also found, and 
four copper articles. Parties are still in the field extending 
these explorations. 

I have to mention one more expedition, which, though it 
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has nothing to do with our own territory, possesses an inter- 
est peculiar to itself. I refer to the north- polar expedition 
organizing by Captain Howgate, of our army. His plan is 
to establish a colony of fifty men, under military discipline, 
including three commissioned officers, two surgeons, an as- 
tronomer, and two or more naturalists, upon some point 
north of the eighty-first degree of latitude, on or near the 
shore of Lady Franklin Bay; to provision this party for at 
least three years, sending them annual supplies and recruits, 
and thus to make the colony the base of expeditions towards 
the pole. This differs from preceding plans, in leaving the 
party with no means of return until their work is accom- 
plished; the only use of the ship being in transporting the 
men and supplies. They are to burn their bridges behind 
them. The advance to the pole is to be made with dog- 
sledges, and the men are to live like the Esquimaux. 

This plan would certainly merit our heartiest commenda- 
tion, did it not overestimate the importance of one single 
point—reaching the north pole. ‘From the post so form- 
ed,” says Captain Howgate, speaking of his proposed colo- 
ny, “no time will be spent in needless quest along the shore, 
either east or west.” The colony will “ have their work nar- 
rowed down to a common focus—the pathway due north.” 
This is certainly a fatal error. It is of. little consequence to 
geographical or any other science whether the pole be ever 
reached, however much the stimulus of adventure towards 
the pole may be needed to tempt men to explore high lat- 
itudes. But the knowledge which may be accumulated 
through such a colony, by explorations in every direction, 
would be of incalculable value, and, under proper direction, 
might form an addition to our knowledge of geology and 
terrestrial physics such as could never be gained elsewhere. 
Nowhere else can we so readily study the phenomena of the 
glacial epoch, the influence of which still shapes our lives 
and modifies all our surroundings. In no other quarter of 
the globe, as Professor Loomis has pointed out, can we make 
observations on the phenomena of magnetism, of atmospheric 
electricity, of the currents and varying temperatures of the 
air and water, which would possess so much importance in 
solving meteorological and other problems; while as to 
geography proper, nothing whatever is known of that re- 
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gion but the bare shore -line, and even that is fragmentary. 
So far, then, from its being true that “surveys there have 
already been completed,” as Captain Howgate urges, there 
is no quarter of the globe where more work is demanded, 
or where the result could be turned to better account. And 
Captain Howgate’s plan must be placed upon a broader ba- 
sis, if the expedition would expect to compete in any way 
with those fitting out by other nations. ° 

Captain Howgate’s faith in the ultimate approval and 
support by Congress of his plan of exploration has led him 
to fit out a preliminary arctic expedition to prepare the way 
for the main party, which, it is hoped, will organize the 
present year, and reach the Greenland coast by the middle 
of August at latest. This preliminary party sailed from New 
London in the Florence, a schooner of fifty-six tons, on the 
2d of August, and reached Cumberland Gulf on September 
13. Advices from them at the end of September announce 
their intention of moving at once into winter-quarters at the 
head of the gulf, near latitude 67° N. The party consists of 
thirteen persons, including a meteorologist and photographer, 
Mr. O. T. Sherman; and a naturalist, Mr. L. Kumlein, sent out 
by the Smithsonian Institution. They are expected to bring 
together ten Esquimau families, with their dogs and sledges, 
and fur clothing sufficient to supply fifty persons for three 
years, with other stores in readiness for the main party next 
year. They will also make meteorological observations and 
collections in natural history. When, next year, they have 
turned over the colony’s outfit to the new party, they expect 
to capture and bring home a cargo of bone and oil sufficient 
to defray a part, at least, of the expenses of the trip. Not- 
withstanding, then, the failure of Captain Howgate’s plan be- 
fore the last Congress, we have an American party, with scien- 
tific men attached, stationed this winter within the Arctic 
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MICROSCOPY. 

By Professor HAMILTON L. SMITH, 

HOBART COLLEGE, GENEVA, N. Y. 

LIMITS OF VISION. 

Reasoning on certain data more or less theoretical, mathe- 
maticians of the first order, notably Helmholtz, had conclud- 
ed that the limit of vision had been reached; that the opti- 
cian could practically aid us no further; that, in short, the 
limits of possibility had been arrived at, since light itself is 
too coarse to reveal objects smaller than those visible to our 
finest and most powerful lenses. The limit marked-out was 
about the one-hundred-and-eighty-thousandth of an inch. 
Recently the Rey. Mr. Dallinger, in a note read before the 
Liverpool Microscopical Society, gave instances of a remark- 
able kind—the result of his personal investigation, directed 
specially to this point—which were proved, by a method of 
measurement employed specially for the purpose, to carry 
the power of our most delicately constructed lenses consid- 
erably further than the mathematician considered possible, 
revealing, indeed, smaller objects than those mathematically 
indicated; and Mr. Dallinger did not by any means believe 
that he had wholly exhausted the power of visibility by these 
experiments. In reference to the same subject Mr.W. Webb 
states, in the Monthly Microscopical Journal for October, 
that Mr. Crisp, of London, has in his possession a diamond 
engraving of the Lord’s Prayer in which the letters are small- 
er than the two-hundred-and-ten-millionth part of a square 
inch, at which size over fifty-nine Bibles would be required 
to cover an inch. Mr. Webb criticises somewhat severely 
the paper of Mr. Rogers, of Cambridge, Mass., “On a Possi- 
ble Explanation of the Method employed by Nobert in Rul- 
ing his Test Plates,’ and makes some very obscure state- 
ments, to the effect that the spurious lines are caused by 
polarization of the light! According to the results of the 
undulatory theory of light, the size of the fringes of diffrac- 
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tion of a bright disk or line of light, which are capable of to- 
tally obscuring an object of less diameter than these fringes, 
varies as the natural sine of the half angle of aperture for the 
same wave of light. Now the half wave-length for an ex- 
treme aperture of nearly 180° is, upon this theory, the sz},> 
of an inch, which approximates very closely with the meas- 
urements of that very difficult test diatom, Amphipleura 
pellucida. It would seem, therefore, that the statements of 
Mr. Webb as to the minuteness of the letters in the Lord’s 
Prayer, as mentioned above, must be erroneous. Those who 
are interested in the question of the present limits of vision 
will find many useful hints in Dr. Royston-Pigott’s paper in 
the above-named journal, and from which we extract the fol- 
lowing notice of the application of the formula of Helmholtz. 
From the experiments of Mr. Broun, F.R.S., who found that 
a dark-brown hair 0.0026 inch wide and 2.5 inches long was 
visible by a young eye against a northwest sky at thirty-six 
feet distance, subtending at that time 14 seconds of are, it 
follows that such an eye can actually see lines on glass 
Touvs Of an inch wide and 3, long ; and if such be the power 
of the naked eye without a lens, it ought to follow that the 
Tovoos Of an inch ought to be seen by the same eye with 
a power magnifying ten times. Now Nobert’s lines, if the 
interspaces are the same width as the lines, when they are 
112,000 to the inch, would have an absolute diameter of 
syqoov Of an inch; and as sucha line would at ten inches dis- 
tance subtend one ninth of a second nearly, a magnifying 
power of a little over five hundred diameters should make a 
visual angle thirty times greater than Mr. Broun’s result 
above stated. We must conclude, therefore, with Dr. Pigott, 
that although theoretically, and for brilliant lines and points, 
the separable interval may be for the widest aperture half 
a wave-length, yet when by proper precautions of illumina- 
tion the diffraction can in a great measure be destroyed, the 
limit is much smaller than the one assigned. 

APPARATUS AND OBJECTIVES. 

In the American Naturalist for December, Dr. R. H. Ward 
briefly reviews the exhibition of microscopes at the Centen- 
nial Exhibition. The Continental microscopes were chiefly 
represented by the exhibit of Nachet, the English depart- 
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ment by that of Ross, so far as attractiveness of appearance 
was concerned, for R. and J. Beck’s exhibit was more com- 
plete, but badly displayed; Crouch also exhibited a full se- 
ries of instruments of excellent workmanship and at moder- 
ate prices. The only American display of any note was by 
Zentmayer, of Philadelphia. Messrs. Bausch and Lomb, of 
Rochester, however, exhibited a large series of entirely new 
designs, elaborated under charge of E. Gundlach, formerly of 
Germany, and chiefly remarkable for excellent workmanship 
and high optical qualities at greatly reduced prices. The 
other American exhibitors were T. H. M‘Allister, George 
Wale, and J. W. Queen and Co. Powell and Lealand, Hart- 
nack, Zeiss, Spencer, aud Tolles were conspicuous by their 
absence. 

In the American Journal of Microscopy for April, the well- 
known optician Mr. E. Gundlach describes two new illumi- 
nating-glasses for the microscope. One is a hemispherical 
lens, which is connected to the object-slide by a drop of wa- 
ter or glycerin, and of such thickness that the converging 
rays from the mirror undergo no refraction at the first or 
convex surface, but, on emerging from the plane surface, or, 
better, the glycerin, are powerfully refracted, but almost 
without aberration, as the centre of the curve is in the op- 
tical axis of the microscope, and the object itself is very 
nearly in the centre of curvature. The other is an oblique 
light-projector, distinguished from the condenser by the fact 
of the lower surface being plane instead of convex, and par- 
allel with the upper one. 

In the April number of the Wonthly Microscopical Jour- 
nal, Rev. 8. G. Osborne describes a modification of Reade’s 
“kettle-drum” illuminator under the novel name of the 
“Exhibitor.” Like most other devices of this class, the 
practice and patience required to master it will more than 
counterbalance its advantages (if, indeed, it really have any) 
over the simpler and easier modes of illumination. 

In the Monthly Microscopical Journal for August, 1877, 
Surgeon J. J. Woodward, Brevet Lieut.-Col., U.S.A., describes 
a simple device for the illumination of balsam-mounted ob- 
jects for examination with immersion objectives whose “ bal- 
sam angle” is 90° or upwards. <A truncated rectangular 
prism of glass, supported base upwards upon a similar trun- 
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cated metal prism, is connected with the lower face of the 
glass slide by interposition of a drop of oil of cloves. Rays 
transmitted through this prism will, of course, not be received 
into any dry objective, or any immersion one of less than 90° 
balsam angle when transmitted through balsam-mounted ob- 
jects. With those objectives, however, that will admit such 
rays (giving a bright field) and are properly corrected, the 
Amphipleura pellucida is readily resolved in balsam. In the 
same journal is a note on a new “Paraboloid Illuminator” for 
use beneath the microscope stage, by James Edmunds, M.D. 
It is a modification of the well-known Wenham parabolic illu- 
minator, much smaller, and made with great care—being, in 
fact, a paraboloid lens, of glass, of low refractive index, care- 
fully cut off at a point about one twelfth of an inch below 
its datus rectum. ‘The truncated surface is connected with the 
under surface of the slide by glycerin, and suitable stops, 
etc., are applied under the lens. 

HISTOLOGY. 

Dr. J. G. Richardson, of Philadelphia, having obtained spec- 
imens of blood from the several individuals of different parts 
of the world who went to the Centennial Exposition last au- 
tumn, after measuring carefully every isolated circular red 
disk, cautiously avoiding those that manifested even slight 
departures towards an oval form, arrived at the following 
results, which we condense from the tabular view given in 
the American Naturalist, March, 1877: 1400 corpuscles were 
separately measured ; the average size was z354 (0.007878 
mm.), the maximum was 37,,, and the minimum z,4, of an 
inch. Of these, 1158, or 83 per cent., measured between s44¢¢ 
and s,55 of an inch, a difference of size scarcely discernible 
with a power of 200 diameters; about eight per cent. were 
less than 33445, and nine per cent. more than s255 of an inch 

or less than one half of one per cent.; and the total number 
s777 Of an inch in diameter was ten, or less than one per cent. 

Herr Ebner, ina memoir on the histology of the hair, pre- 
sented to the Academy of Sciences, Vienna, July 12, states 
that the inner root sheath is essential for hair-formation; and 
though broken through by the hair, it grows during the whole 
hair-vegetation, in the lower part of the follicle, with even 
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greater rapidity than hair. He defends Langer’s view that 
new hairs are formed in the old follicle and on the old 
papilla, 

In the Monthly Microscopical Journal for June is a note, 
with illustrations, from a paper by W. Blythe, M.R.C.S., on 
the “ Microscopical Active Principle of the Cobra Poison,” 
published in the Analyst. Magnified 250 diameters, it ap- 
pears as long, slender, prismatic, and radiating crystals; and 
so terribly active is this substance, for which the name co- 
bric acid has been proposed, that one fifth of a grain injected 
into a man’s veins would be fatal. So that we have here a 
rival to aconitia, weight for weight, in its power of destruc- 
tion. 

STAINING AND MOUNTING. 

The new double staining, by the mixed boracic solutions 
of carmine and indigo carmine (sulphindogate of potassium), 
as suggested by Merkel, promises very interesting and useful 
results, though as yet very unequal, probably owing to the 
action of the oxalic acid, into a solution of which the prepa- 
ration must be put after the staining, to fix the indigo blue, 
but which often destroys the carmine, or changes it to a yel- 
low color. The blue boracic solution of indigo carmine by 
itself is highly recommended by Mr. Golding Bird. It stains 
rapidly, is well fixed by the oxalic process, and is of a 
very agreeable color. An account of the action of these 
dyes may be found in the American Journal of the Medical 
Sciences, January, 1877. 

Mr. T. 8. Ralph, in the Science Gossip of October, proposes 
chloral hydrate as a medium for mounting, since it will dis- 
solve and unite perfectly with many gums, resins, and alka- 
loids, so that we may obtain mediums varying from a fluid 
to a jelly-like or gum-like consistence. 

BACTERIA, ETC. 

Signori Lauri and Terrigi have been conducting a series 
of experiments upon the so-called Campagna marsh poison. 
They find in the endochrome of alge growing on the Cam- 
pagna and Pontine marshes minute dark granules, belonging 
to the group of pigmented spherobacteria of Cohn (Bacte- 
rium brunnewm of Schroeter), and yielding MMonila pencil- 
lata of Fries on cultivation, and which appear to be identical 
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with the “ pigment granules” present in the liver, spleen, and 
blood of persons who have suffered from malarial diseases ; 
and by cultivating such granules from a human liver Lauri 
obtained a Zooglea. On the basis of these observations, 
the prevalence of malaria at certain seasons is explained 
by the immense numbers of spherobacteria in the air, rising 
from the dead and decaying alge as the waters sink in the 
marshy pools, and which, swept hither and thither by the 
wind, excite malarial diseases when they penetrate into the 
human body. 

The Bacteria of Denmark have recently been studied by 
Dr. Eugene Warming, and an abstract of his paper upon them 
is given in the Journal of Botany for December, 1876. All 
along the Danish coast there is found, during calm weather, 
a red coloration of the water close to the shore, chiefly due 
to Bacterium sulphuratum, under which name are united a 
number of forms, appearing, Ist, as spheres (J/onas vinosa, 
E.); 2d, as roundish bodies with constriction and granules at 
the ends (Monas Warmingii, Cohn) ; 3d, like Jonas vinosa, 
but crowded with sulphur grains (MWonas erubescens, E.) ; 4th, 
long, narrow, cylindrical, and filled with sulphur grains 
(Rhabdomonas rosea, Cohn) ; finally, the series is closed by 
a spiral form. Besides these, many other species are pretty 
fully described. 

In a letter addressed to the Secretary of the Royal Socie- 
ty, London, under date February 14, 1877, Dr. Tyndall states 
that heat discontinuously applied is a “germicide,” and that, 
even in the midst of a virulently infective atmosphere, it is 
possible to sterilize all infusions by a temperature lower than 
that of boiling water. This is effected, however, not by a 
simple substitution of time for intensity, but depends solely 
upon the manner in which the heat is applied. The secret 
of success is to apply the heat for a period not exceeding the 
fraction of a minute in duration, during the period of laten- 
cy preceding the clouding of infusions into visible Bacteria, 
and while the germs are being prepared for their emergence 
into the finished organism. As they reach the end of this 
period successively, the heating process must be repeated at 
intervals, so that the softened and vivified germs on the 
point of passing into active life are killed as they arrive 
successively at this stage. After a number of repetitions 
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not amounting altogether to five minutes in the aggregate, 
and at a temperature lower than boiling water, and com- 
mencing with the first application of the heat a few hours 
after their preparation, the most obstinate infusions were 
completely sterilized; while other samples of the same infu- 
sions, boiled continuously for fifteen or even sixty minutes, 
were only less fertile, and after a short interval developed 
swarms of Bacteria. 

Dr. Bastian has recently read before the Royal Society a 
paper giving an account of some further researches “ illustra- 
tive of the physico-chemical theory of fermentation, and the 
condition favoring archebiosis in previously boiled liquids,” 
summing up as follows: The experiments show, as others 
have done, that an exclusive germ theory of fermentation is 
untenable, and that living matter may, and does, originate in- 
dependently during the progress of fermentation in previous- 
ly germless fluids; insoluble products reveal themselves as 
specks of protoplasm, “ living ” matter, emerging gradually 
into the region of the visible, and speedily assuming the well- 
known forms of one or other variety of Bacteria, thus bridg- 
ing, as he conceives, the narrow gulf between certain kinds of 
“living” and “dead” matter, and affording the long-sought- 
for illustration of the transition from chemical to so-called 
“vital” combinations! In the Lancet, Aug. 5, will be found an 
interesting note upon M. Pasteur’s reply to Dr. Bastian on 
the heterogeny controversy. M. Pasteur, while admitting 
that Dr. Bastian’s experiments, as detailed in his communti- 
cation to the Paris Academy of Sciences, are very accurately 
conducted, asserts that a temperature of 50° C. (122° Fahr.) 
is not sufficient to kill the germs of the minute organisms 
which may be introduced by means of the solution of potash 
employed by Dr. Bastian. He considers it fully proved, from 
his own experiments, that the germs of certain organisms, 
which do not resist a temperature of 100° in acid solutions, 
are capable of such resistance in neutral or slightly alkaline 
fluids. He expresses the hope that Dr. Bastian will abandon 
his faith in spontaneous generation, and classes its supporters 
with the theorizers in physics and mathematics who believe 
in perpetual motion or the quadrature of the circle. Pro- 
fessor Tyndall, after having read Pasteur’s reply, gives en- 
tire adherence to his views, and calls “on all enlightened 
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persons to banish from science this doctrine of spontaneous 
generation, which has nothing whatever to support it.” In 

a recent communication to the British Medical Journal, Pro- 
fessor Roberts, of Manchester, commenting on Dr. Bastian’s 
claims, states that his experiments are decidedly in favor of 
Pasteur’s conclusions, and, indeed, that to a logical evolu- 
tionist there would appear to be a strong @ priori improba- 
bility in the abiogenic origin of Bacteria. When Pasteur 
says that abiogenesis is a chimera, he prudently adds, “in 
the present state of science;” and, even thus qualified, the 
expression is perhaps too strong. But it is absolutely cer- 
tain that up to the present time no case of abiogenesis has 
been presented which has stood the test of accurate investi- 
gation. Dr. Tyndall has recently repeated at Kew, where 
he found a purer atmosphere than at the Royal Institution, 
his last year’s experiments with perfect success, and with- 
out the annoying failures due to the atmosphere of the Insti- 
tution being laden with germs from a quantity of hay, and 
has thus once more proved his case against Dr. Bastian. In 
every experiment but one the specimens showed no trace of 
life; in that one a small aperture hike a pin-hole was in the 
side of the test-tube. Dr.Tyndall’s paper is published in the 
Proceedings of the Royal Society (No. 176). In the Quarterly 
Journal of Microscopical Science for July, Mr. Jeffrey Bell 
gives an account of recent researches in the history of the 
Bacteria made by and under the direction of Professor Colin. 

Professor Tyndall has shown that in air which is optically 
pure—~. e., which will transmit a beam of light without re- 
vealing its path—sterilized but putrescible fluids remain ster- 
ile. If, how ever, the same fluids are put in contact with an at- 
mosphere charged i in the ordinary way with motes, they be- 
come “ infallibly smitten” with putrescence. The inference 
is that germs or spores, or the bacterial equivalents of these, 
must be among the motes or particles in the atmosphere, 
and that their development depends upon the deposition in 
suitable fluids. In order to test this theory, the Rev. W. H. 
Dallinger has recently made numerous experiments with a 
sterile putrescible fluid, exposed alternately to an atmosphere 
charged with organic germs of extreme minuteness and to 
one optically pure. The results of these experiments are de- 
tailed in the December number of the Monthly Microscop- 
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ical Journal. Enormous numbers of the calycine and spring- 
ing monads, when entering freely into the spore-emitting 
and sac condition, were carefully heated at a temperature 
of 150° Fahr. until quite dry, flaky, extremely friable, and 
crumbling into dust with the least pressure. Suitable ves- 
sels, covered, and partially filled with a nutritive fluid, were 
placed in a chamber, the air of which could be optically test- 
ed for the presence of motes or germs by transmitting the 
condensed beam of an oxyhydrogen lime-light. At the end 
of four days the searching beam still showed the presence of 
floating motes, though in greatly diminished quantity, and 
a few of the vessels, which had meanwhile been uncovered, 
were now examined. In every drop from these the larger 
or calycine monad was found, but the springing monad was 
comparatively rare. Two days after, four of the vessels, 
which had in the meanwhile been opened and exposed to 
the air with the diminished number of motes, were exam- 
ined, and proved to be almost destitute of the calycine 
monad, but the springing monad was much more abundant. 
The explanation of this is, that the heavier germs of the lar- 
ger monad had nearly all fallen before the expiration of two 
days, but those of the smaller were still lingering in the air. 
To test this still further, an infusion twelve months old, and 
composed almost entirely of the very minute wniflagellate 
monad, was carefully dried at 150° Fahr., reduced to fine pow- 
der, and intimately mixed with that containing the calycine 
and springing monads, and diffused in a chamber so that the 
air could be tested as before by the beam of light. When 
all the larger particles had fallen, nine vessels of the nutri- 
tive fluid were introduced. Three of these were open; the 
rest were covered. At the end of twenty-four hours two 
more were opened, and the remaining four were uncovered 
at the end of forty-two hours. »The first set, on examination, 
yielded all the forms in the ratio of their magnitude, the 
next set was almost entirely destitute of the larger forms, 
and the last four absolutely so. Each set was exposed five 
days. Afterwards, when the beam showed the air to be mote- 
less, four more vessels with the same nutritive fluid were ex- 
posed for five days, at the end of which time not a trace of 
a monad could be found in any of them; and Lacterta which 
had been more or less present in all the other instances were 
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ouly sparsely to be seen. The inference is irresistible that 
in regard to the very minute Bacteria germs, though we do 
not yet know how they are produced, nor can we detect them 
with the microscope, yet they do exist, and remain floating 
long after all others are deposited. 

M. Pasteur asserts that Lacteria present themselves under 
two forms— first as rods, which alcohol, compressed oxygen, 
desiccation, and a temperature lower than 100° C. can de- 
stroy ; and, secondly, as highly refracting corpuscles, which, 
on the other hand, resist a temperature of 120° C., and resist 
also the action of alcohol and of compressed oxygen. These 
he regards as a mode of generation of the Bacteria. They 
do, of course, also multiply by segmentation ; but often, on 
one or several points of the Bacterium, globular, highly re- 
fracting corpuscles arise, the diameter of which is not great- 
er than the thickness of the Bacteriwm. After these appear, 
the rest of the rod quickly disappears. If an appropriate 
liquid is inoculated with these corpuscles, Bacteria are de- 
veloped in it, just as if the liquid were inoculated with rod- 
like Bacteria, and they constitute the resisting power of the 
liquids experimented on by some authors. 

MONADS AND AMCEBA. 

Herr Cienkowsky,well known for his researches on monads, 
has recently contributed some additional information upon 
these and allied organisms, which appear to show that the 
boundary -lines which it has so long been usual to draw 
between plant and animal organisms, and between the indi- 
vidual groups of those lowest forms of life, appear more and 
more illusory, and the supposition is recommended of a com- 
mon lowest kingdom of organisms, that of Protista (Haeckel), 
out of which animals and plants have by degrees been differ- 
entiated. 

At the meeting of the Philadelphia Academy in- October 
last, Dr. Leidy gave an interesting account of a cannibal 
Ameoba (A. limax ?), which, after a period of seven hours, 
succeeded in digesting, or at least absorbing until it disap- 
peared among the granular matter of its entosare, another 
Amoeba (A. verrucosa), thus appropriating its structure to its 
own, just as we might do a piece of flesh completely, with- 
out there being any excrementitious matter to be voided. 
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Professor Leidy states, in a paper read (June 12) before 
the Academy of Sciences of Philadelphia, that most of the 
known parasitic Infusoria possess a mouth similar to those 
which live in ordinary water. Such is the case with the spe- 
cies of Balantidiwm found in the intestinal canal of man, the 
hog, and various batrachians; of Vyctotherus, in the intes- 
tines of frogs and insects; and Conchophthirus found abun- 
dantly on the branchia and palpi of Anadon fluviatilis. 
Other parasitic Infusoria are devoid of an intestinal canal, 
and absorb nourishment through the body like the tape- 
worms and Echinorhynchi, In the same paper he describes 
a new infusorian found in the rectum of a Laldudina under 
the name Anoplophrya vermicularis, 

FORAMINIFERA, ETC. 

Professor Hertwig amnounces the discovery of nuclei in 
Foraminifera, already independently observed by Schulte, 
but which, singularly enough, had not been detected by 
the naturalist on board H. M. 8. Challenger, who devoted so 
much time and attention to the pelagic Foraminifera. Al- 
though Hertwig’s observations do not as yet prove all Fo- 
raminifera to be nucleated, probably they really are so; and 
as the whole of the soft body of a many-chambered Poly- 
stomella or fotalina normally has but a single nucleus, it 
follows that the whole animal has but the value of a single 
cell—or, in other words, that the Foraminifera at large must 
be regarded as wnicellular animals. 

In the Proceedings of the Royal Society, No. 170, Mr. J. Mur- 
ray gives a report of the Challenger expedition, and remarks 
especially, with reference to Globigerina ooze, that it was 
not found in any of the enclosed seas in the Southern Ocean 
south of latitude 50°.S., nor in the North Pacific north of 
latitude 10° N. In the Southern Ocean, only one small spe- 
cies was found in the surface waters. The Globigerina ooze 
occurs in irregular patches at depths less than 1800 fathoms; 
but its presence or absence at greater depths is determined 
by conditions at present unknown. Some specimens are 
white, others rose color, and others red or dark brown from 
the presence of oxides of iron and manganese. 

Dr. Bessels, of the Polaris expedition, has given the name 
Protobathybius to a form which is considered as allied to the 
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simple Monera, being drop-like masses of protoplasm, even 
Without a nucleus, and discovered in Smith Sound. It is ex- 
tremely doubtful whether this is an organism; possibly it 
may be only a portion of the jelly-like secretion which is 
produced so abundantly in the deep-water growths of the 
diatomacee. 

ZOOLOGY. 

Mr. F. Buckland states, in a late number of Zand and 
Water, that the green-bearded oysters found not far from 
Southend, Essex, owe their green color to the sporules of 
the sea-weed called “ crow-silk,” which grows abundantly 
in the Roach River; and that chemical analysis does not 
show the slightest trace of copper or other mineral, while 
the vegetable pigment itself imparts a peculiar taste and 
agreeable flavor to the meat of these plump little oysters. 

At a recent meeting of the Academy of Natural Sciences 
at Philadelphia, Professor Leidy explained a seeming phos- 
phorescence: of the water observed in cloudy afternoons as 
due to the reflection of light from minute mirror-like append- 
ages of small crustaceans. He also exhibited a tape-worm 
said to have been taken from the inside of a large cucumber! 

In some researches on Filaria hematica, made by MM. 
Gatch and Pourquier, and published in Comptes Rendus De- 
cember 27, 1876, they found these worms in the blood of 
the fetus of a bitch whose heart was filled with them; but 
they do not explain how they traversed the double walls of 
the placenta in order to pass from parent to offspring. 

The Poduride, or “ spring-tails,” of Sweden have been 
monographed in an elaborate way by T. Tullberg. The 
memoir is accompanied by twelve plates, and enters quite 
fully into the anatomy of these little creatures of so much 
interest to microscopists. The work appears in the Z7rans- 
actions of the Royal Swedish Academy. 

BOTANY. 

Not long since, it was thought that the want of chloro- 
phyl determined the parasitism of plants, as well as serving 
to distinguish between fungi and algw. The discovery of a 
chlorophylaceous fresh-water alga as a bright emerald-green 
parasite by Professor Cohn, in 1872, was the only known ex- 
ception. At a late meeting of the Dublin Microscopical 

<< Sega 



MICROSCOPY. 249 

Club, Professor E. P. Wright exhibited and described a sec- 
ond species, marine, found growing and developing itself in 
the mucilaginous tubes of a Schizonema. It is smaller in 
size than Cohn’s species, but with an emerald lustre scarcely 
less than that of the fresh-water species. It seems to be 
thus established that chlorophyl-bearing plants sometimes 
need, and are capable of assimilating, already formed car- 
bon compounds, hitherto supposed to be only a character- 
istic of the fungi. 

In the Monthly Microscopical Journal for January, 1877, 
Mr. Worthington G. Smith has an interesting paper called 
** Notes on Pollen,” and illustrated by four plates, which 
show how extremely pollen grains differ in size, form, and 
external marking; giving sometimes a valuable clue to a 
plant’s relationships, though sometimes pointing in various 
contrary directions, since plants have not descended one 
from another in a straight line, but possess complicated re- 
lationships with plants belonging to several different natural 
orders. 

In a paper read before the Royal Society and printed in 
No. 179 of their Proceedings, Mr. F. Darwin, M.B., maintains 
that the glandular hairs, or trichomes, found on both surfaces 
of the leaf of the common teasel (Dipascus sylvestris) con- 
tain true living protoplasm, inasmuch as they undergo vio- 
lent contraction upon application of reagents of widely dif- 
ferent natures, but not with osmic acid, which, it is well 
known, is destructive of protoplasmic structures, and does 
not cause them to contract. Under normal circumstances 
the filaments appear animated by the perpetual tremble of 
Brownian movement. The contraction commences by the 
filament becoming shorter and thicker at a number of nearly 
equidistant points, situated close together near the free end 
of the filament. The beading spreads rapidly down the 
filament, which ultimately runs violently together into a ball 
seated on the top of the gland. Since the movements of the 
filaments are not governed by forces residing within the 
gland, but are composed of an essentially contracting sub- 
stance protruded from the leaf-glands, the only theory which 
seems capable of connecting the observed facts is that, while 
the glands were originally only resin-secreting organs, the 
protoplasm that originally came forth as a uecessary con- 
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comitant of secreted matters, coming into contact with nitrog- 
enous fluids, gradually adapted itself to retain its vitality 
and take on dn absorptive function. 
A valuable contribution to microscopical diagnosis in bot- 

any is M. Packenham Edgeworth’s compact and convenient 
book on “ Pollen,” just issued by Hardwicke, London. It is 
illustrated by twenty-four plates, from drawings by the au- 
thor, and these afford abundant evidence of the taxonomic 
importance of pollen; and the book is not only valuable for 
reference to adepts, but still more extensively interesting to 
amateurs. The work is exceedingly meritorious and full of 
valuable facts, and it is creditable to its author and British 
botany. 

M. Henneguy, in a paper recently read before the French 
Academy, states that Volvox minor is diccious, while the V. 
globator is monecious. The former is a colony of unicellular 
algze, sometimes composed of vegetable cells only, having 
young colonies in their interiors, sometimes containing male 
elements (androgonidia), situated in the thickness of the 
gelatinous wall, and sometimes female colonies, containing 
only gynogonidia, or oospheres, in the interior. 

The androgonidia are formed at the expense of a vegeta- 
tive cell. The gynogonidia likewise spring from a differen- 
tiation of a vegetative cellule. The fecundation is effected 
through the liberation of antheroids by the dissolution of the 
antheridial wall. These volvoces, male, female, and neuter, 
seek the light and keep near the surface of the water; but 
when the female colonies are fecundated, they get away from 
the surface. 

In a paper read lately (September 26) before the Crypto- 
gamic Society of Scotland, Mr. Worthington Smith, F.LS., 
explains very fully the structure of the common mushroom. 
The entire substance is made up of excessively small blad- 
der-like cells, one and a half billion to every ounce of the 
mushroom’s weight. The spores are produced apparently 
two at a time at the base of each basidium: there are really 
four, for at the time of dropping off the first two, the last 
two appear. These spores will, on germination, reproduce 
the species, but their life is very short. Once germinated, 
however, and forming the spawn, or mycelium, this has great 
tenacity of life, and is commonly, if not always, perennial. 
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In the April number of the Monthly Microscopical Jour- 
nal is an interesting paper, by Professor Giovanni Briosi, of 
Palermo, on the phytoptus of the vine. This disease, pro- 
ducing protuberances, or cecidii, on the leaves, oftentimes 
numerous and confluent, and, in fact, covering the whole leaf 
—convex on the upper and concave on the under side of the 
leaves—is due to punctures and irritation produced in the 
texture by the acari, which lodge in the cecidium and live 
on the leaf. The acart were termed phytoptus, to express 
that they are really and solely parasites of living plants. 
They are invisible to the naked eye, and the male cannot be 
distinguished from the female with certainty. They have but 
four legs, though Landois supposed that there were two other 
(rudimentary) pairs, and that in their complete development 
they possessed four pairs of legs, like other aear7. Professor 
Briosi considers that Landois is mistaken, and that these an- 
imals constitute a special genus of acari which have only 
four legs. These arachnida possess a most extraordinary 
tenacity of life, moving the legs twenty-four hours after im- 
mersion in glycerine. In the autumn they emigrate from 
the leaves to nestle under the bracts which cover the winter 
buds, and they have been found alive in buds which had 
been exposed shortly before to a cold of —10° Fahr. In 
the spring, with the swelling of the buds, the animals regain 
their activity, and lay eggs, which are deposited directly on 
the young leaves of the developing bud, and the young ones 
are scarcely born when they find already within reach the 
food which nourishes them; and the galls, or cecidiz, appear 
under the form of small spots, scarcely raised, and of a slight- 
ly different color from the rest of the leaf, but readily seen 
by allowing the sunlight to shine through. Repeated care- 
ful pruning of the stems which showed the disease the pre- 
ceding summer, and cutting off the attacked leaves, will, in 
Professor Briosi’s opinion, in a few years result in the de- 
struction of this unwelcome visitor. 

In the Monthly Microscopical Journal for November, Dr. 
Hinds calls attention to the motile protophytes in the leaves 
of Hypericum androsemum and H. calycinum. They are 
to be found in the minute light-colored puncte near the 
margin of the leaf, which are translucent from the absence 
of chlorophyl. They are extremely active, and not of uni- 
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form size, and their nature and function are still left in ob- 
scurity. 

At a recent meeting of the Linnean Society, Mr. Francis 
Darwin read an account of some microscopical researches on 
the glandular bodies on Acacia sperocephala and Ceeropia 
peltata, serving as food for ants, and first mentioned by Mr. 
Belt in his “ Naturalist in Nicaragua.” In Acacia were two 
kinds of glands—(qa) nectar-secreting glands at the base of 
the petiole; (d) small, flattened, pear-shaped bodies, which 
tip six or seven of the lowermost leaflets of the bipennate 
leaves. In Cecropia cylindrical bodies are developed in flat 
cushions at the base of the leaf:stalk. The structures are 
homologous in kind—cellular protoplasm—and contain oil 
globules, stores of nutriment which undoubtedly the ants 
live on. 

MICROGEOLOGY AND MINERALOGY. 

The anniversary address of H.C. Sorby, President of the 
Royal Microscopical Society, delivered February 7, is mainly 
devoted to the application of the microscope to geology. 
The object-glasses used must be of comparatively small an- 
gle, e.g.,a one eighth of 75°; large angles are positively det- 
rimental, not only causing the object to be almost, if not 
quite, invisible, from the absence of any dark outline, but the 
focal point of such lenses is so near their front surface that 
it is quite impossible to penetrate sufficiently deep down to 
see the minute fluid cavities in the centre of grains of sand, 
or to reach the fine particles lying on the surface of the 
glass slip below the thickness of balsam necessitated by the 
presence of large grains of sand. 

In a paper read before the Royal Microscopical Society, 
April 4, 1877, by A. Rénard, on the “ Mineralogical Compo- 
sition and the Microscopical Structure of the Belgian Whet- 
stones,” the author states that they owe their excessive hard- 
ness to garnet, instead of finely divided quartz, as hitherto 
supposed ; in fact, they contain scarcely any quartz. Thin 
sections seen by transmitted light show myriads of globular 
forms so excessively minute that their regular bounding lines 
and frequently lozenge-shaped faces are not attacked in the 
polishing process. Sometimes they are gathered together 
at one point; again, they form lines, or chaplets, or are iso- 
lated. These minute rhombo-dodecahedral forms, or globular 
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crystals, are garnet of the variety called spessartine, which, 
in its pure form, is a little transparent crystal of a pale-yel- 
low color, so that the union of a great number of infinitely 
small crystals should produce, when regarded ensemble, a yel- 
lowish-white tint, which is the prevailing color of the whet- 
stones, Chemical analysis also indicates this manganese gar- 
net, and near the veins of whetstone MM. De Koninck and 
Davreux discovered beautiful little garnet crystals of spes- 
sartine. Another element of the whetstone is schorl, showing 
under the microscope as minute parallelograms, pale green, 
blue, or grayish, and dicroscopic; also a prismatic mineral 
allied to chrysoberyl, and only discernible with high powers. 
It appears as prisms of a greenish-yellow color, scattered 
throughout the whetstone sporadically, sometimes ranged 
in lines, often interlacing and superposed, but maintaining a 
position the while too regular and constant in its repetition 
not to be subject to some crystallographic law, the simplest 
form being geniculated twins, with an angle of 60°. The 
author concludes, from his examination and microscopical 
study of this rare rock of Salm and the neighborhood, that 
the whetstone bands are real layers in the Cambrian forma- 
tion, deposited in the same way as the adjoining slates, and 
only metamorphosed in a general way, the mineralogical ele- 
ments being present from the very beginning of the deposit. 

In the July number of the Monthly Microscopical Journal 
is a graceful tribute to Ehrenberg by T. Rupert Jones, who, 
though finding it impossible to accept most of Ehrenberg’s 
specific, and even generic, determinations, states that the 
better his work is elucidated and understood, the more will 

his beautiful and lasting illustrations and his painstaking 
synoptical registers advance the progress of biology in re- 
lation to both the present and the past. 

After a careful comparison ofall Ehrenberg’s figures of fossil 
Foraminifera, Professors W. K. Parker and T. Rupert Jones 
have stated in the Ann. and Mag. Nat. Hist., series 4, vol. 1x., 
p- 216, etc., that, besides twenty undetermined forms, 138 
species and noticeable varieties are shown in the “ Mikrogeol- 
ogie,” most of which are living at the present day, and eighty- 
one of which had been named by other observers. Since the 
publication of the “ Mikrogeologie,” two noble memoirs have 
been published by Ehrenberg, the first in 1872, being the 
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results of his long-continued methodical researches on the 
microscopic life of the sea-bottom of all zones, illustrated by 
twelve beautiful plates. The second, in 1874, is a résumé of 
the marine microscopic fossils, treated of in the Monatsberichte 
and Abhandlungen of the Berlin Academy, and in the “ Mi- 
krogeologie.” Also an account of the Polycystine formations 
of Barbadoes and of the Nicobar Islands, illustrated by thirty 
quarto plates. Following these are remarks on the chalk 
marble of Antrim and white marl of Lubin, with notes on 
the fresh-water and volcanic materials yielding Diatomacee, 
on the economic use of microscopic organisms, and on the 
systematic classification of Polycystina. 'To few has it been 
given to gather together before death their gleanings of 
knowledge, industriously sought for during the midday of 
working life, and to harvest their sheaves in such noble vol- 
umes. 

Dr. Cohen, of Heidelberg, finds that the specks in the Cape 
diamonds are sometimes due to crystals of specular iron, the 
larger faces of which lie parallel to the octahedral face of 
the diamond. 

Dr. Leidy, at a recent meeting of the Philadelphia Acad- 
emy, stated that the examination of the cut opals from the 
Querétaro mines, Mexico, shows the brilliant display of colors 
to be due to reflection from facets one quarter to one milli- 
meter in breadth of irregular polyhedral forms, a sort of mo- 
saic pavement on a basis of amorphous opal, but which are 
distinctly parallel striate, the strie changing in direction on 
the different facets, so that the whole consists of an aggre- 
gation of particles, of a striated or finely tubular structure, 
imbedded in a basis of more amorphous opal, and in polished 
sections emitting the varied hues for which the precious opal 
is so much admired, according to the varying fineness of the 
striz and their inclination. 
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The definition of a science so comprehensive and so de- 
pendent as anthropology must be for a long time provisional. 
Yet those who are conversant with the progress of this de- 
partment of knowledge cannot have failed to observe, from 
year to year, a marked improvement in this regard. The 
following definitions by distinguished anthropologists will 
indicate the area of the science as now generally understood. 
“ Anthropology,” says De Quatrefages, “is the natural his- 
tory of man, studied monographically, as a zoologist studies 
an animal.” M. Broca defines it to be “the science which 
studies the human race in its entirety, in its details, and in 
its relation to the rest of nature.” Dr. Topinard considers 
anthropology to be “that branch of natural history which 
treats of man and the races of men.” 

Still less accurately defined are the subdivisions of ‘the 
subject; but the analysis best suited to a summary of prog- 
ress is that which brings together the results of the labors 
of specialists. As in every scientific inquiry there is a de- 
scriptive and a deductive phase, in the study of anthropology 
each assemblage of facts calls forth discussions as to their 
bearing upon each other, and upon the science at large. It 
will be impossible to separate these in the summary, inas- 
much as the two usually coexist in the same treatise. 

The races to be considered are extinct or extant. The 
study of extinct races, or archeology, is usually the pursuit 
of a separate class of scholars. This branch of anthropology 
will therefore claim our attention first. The investigation 
of extant races is subdivided for the convenience of special- 
ists, as in the course of lectures delivered in Paris during 
the last winter under the auspices of the Société d’Anthro- 
pologie. The notes in this summary will be arranged some- 
what on the same plan, as follows: 
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1. Anthropotomy, including the comparative anatomy of 
man and of the lower animals; called also anatomical anth- 
ropology. 

2. Biological Anthropology, comprehending somatology and 
comparative psychology, the former embracing comparative 
physiology aud external racial or tribal characteristics. 

3. Lthnical Anthropology, in which are grouped ethnog- 
raphy, or the description of tribes and peoples; ethnology, or 
discussions concerning the races of men; and demography, or 
the application of statistics to anthropological investigations, 

4, Linguistic Anthropology and Comparative Philology. 
5. Cultural Anthropology, or comparative culture, including 

the treatment of the following subjects: food; dwelling and 
other domestic structures, and their appurtenances; vessels 
and household utensils; dress and ornament; implements of 
war and the chase; implements of industry ; means of loco- 
motion; methods a measuring and valuing; esthetic cult- 
ure In Serie, pastime, and art; the family; the community; 
the government; and religion. 

6. Anthropological Instrumenta, embracing terminology, 
apparatus of research, instructions to observers, records of 
mneetings, courses of instruction and lectures, transactions of 
societies, expositions and congresses, museums, periodicals 
and published works. 

In order to render the tikes the more accessible, they 
are arranged, where convenient, under the following geo- 
graphical divisions: North America, Middle America, South 
America, Europe, Africa, Asia, Malaysia, Australasia, Poly- 
nesia. 

ARCHAOLOGY. 

NORTH AMERICA. 

Several papers were read before the Congress of American- 
ists at Luxembourg on the antiquities of Greenland and the 
primitive habitat of the Eskimos. In the first volume of 
Powell’s “ Contributions to American Ethnology ” is an elab- 
orate communication, by Mr. Wm. H. Dall, upon Succession 
in the Shell-heaps of Alaska. The report of F. W. Put- 
nam, the curator of the Peabody Museum, upon his labors 
during the year is given in the tenth annual report. The 
following papers upon North American archeology have ap- 
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peared during the year: An Ancient Implement of Wood 
trom near Kast Windsor, Conn., E. W. Ellsworth, Smithsonian 
Rep., 1876; the Dighton Rock Inscription, Charles Race, 
American Anthropological Association; Paleolithic Imple- 
ments with reference to Eskimo Occupation of North Amer- 
ica, Mr. Berlin, same meeting; the Discovery of Supposed 
Paleolithic Implements in the Glacial Drift of the Delaware 
River, C. C. Abbott, Peabody Museum Rep. X.; Explora- 
tion of a Mound in Lee County, Va., Lucien Carr, Peabody 
Museum Rep. X.; Ancient Mica- quarrying in North Car- 
olina, C. D. Smith, Smithsonian Rep., 1876 (some of the blocks 
detached by the aborigines have sold as high as $200); 
on Prehistoric Remains in Western North Carolina, Alexis 

A. Julian, paper before the Academy of Natural Sciences, 
New York; the Shell-mounds of Florida, F. D. Lente, M.D., 
in Semé-Tvropical for March and April (the same subject was 
discussed by Isaiah Gregor before the State Archeological 
Association, Ohio, and by A. Ecker ini Archiv fiir Anthropo- 
logie, parts i.,1i.); Cranial Perforations by the Ancient Mound- 
builders, Henry Gillman, American Association. Papers on 
the Antiquities of Wisconsin were read before the State His- 
torical Society (in Vol. III. of the Proceedings, we have the 
Ancient Civilization of America, W. L. P. Nicodemus; Report 
of Committee on Exploration of Mounds near Madison; Cop- 
per Tools found within the State of Wisconsin, Professor J. D. 
Butler. A pamphlet on Prehistoric Wisconsin, illustrated 
with heliotype plates, has been published by the same author) ; 
on Wisconsin Mounds, Moses Strong, Smithsonian Rep., 1876. 
The Davenport Academy of Natural Science has issued Vol. 
I., Part L., of Proceedings, containing, among other important 
papers, an illustrated account of Inscribed Tablets found by 
Rey. J. Gass, and discussions about their authenticity and 
value, by Dr. Farquharson (the society has erected a building 
for its meetings and collections). Further papers on the same 
subject are, Explorations in Southeastern Ohio, Professor B. 
Andrews, Peabody Museum Rep. X.; Sculptured Rocks and 
Cup-markings in Ohio and Kentucky, Dr. Daniel Wilson, 
Toronto, pamphlet ; Recent Archzological Discoveries in the 
American Bottom, Ill., by Henry R. Howland, Bulletin of the 
Buffalo Society of Natural Science, March 2; on the Mound- 
builders of Illinois, Western Review, Nov.; on the Rockfort 
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Tablet, J. D. Moody; the Mounds on Rock River at Sterling, 
W.C. Holbrook, American Naturalist, Nov.; Aboriginal Pot- 
tery at Salt Springs, Ill.,G. E. Sellers, Popular Science Monthly, 
Sept.; Ancient Earthworks in Indiana, Professor R. P. Brown, 
Western Review, April; Missouri Mound-builders, Judge West, 
same journal; the Graves of the Mound-builders in Scott and 
Mississippi counties, Mo., H. N. Rust, before the American 
Association; Die Culturvolker Alt-Amerikas, Dr. Gustav 
Bruhl, Parts I.-LX., Cincinnati; Reports on the West Coast 
of California, Paul Schumacher, Hayden’s Dudletin, IIL, i. ; 
on the same by Dr. H. Yarrow in Lieut. Wheeler’s Report 
for 1876, and by Rev. Stephen Bowers in a manuscript de- 
scription of a superb collection sent to the National Museum. 
The surveying parties of Professor Hayden, Major Powell, 
and Lieut. Wheeler have all paid some attention to the ar- 
-cheology of the regions traversed, and their accounts will 
be found in the reports of these surveys. The plaster mod- 
els of cliffdwellings and pueblos by W. H. Jackson are al- 
ready world-renowned. The following general discussions 
are worthy of note: 

The Caching of Stone Implements, J. F. Snyder, Smithsonian 
Rep., 1876; the Early Man of North America, A. R. Grote, 
Popular Science Monthly, March ; Supposed Evidence of the 
Existence of Interglacial American Man, Dr. Daniel Wilson, 
Canadian Journal, Oct.; Burial Customs of the Ancient 
Tribes of Indians, R. 8. Robertson, before the American As- 
sociation; the Stone Age in America, several papers before 
the Congress of Americanists ; Mound-bnilders and the Pueb- 
los, the same ; American Antiquities, J. C. Heaviside; Aborig- 
inal Shell-money, R. E. Stearns, American Naturalist, June ; 
Mound-explorations (short descriptions), Smithsonian Rep., 
1876. 

MIDDLE AMERICA. 

Interesting communications on Mexican archeology are to 
be found in “ Anales del Museo Nacional de Méjico,” entregas 
i., 11.3 the paper by Ad. F. Bandelier on Ancient Mexican 
Warfare, in Peabody Museum Rep. X.,is a very important 
contribution; Dr. Georg Fischer, of Freiburg, who may be 
called the creator of a department of anthropology, contrib- 
utes to Archiv, Heft 3, an illustrated paper on Mineralogy 
as the Handmaid of Archeology, with special reference to 
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Mexican Sculptures; in the Proceedings of the American 
Antiquarian Society, 1876, will be found a detailed descrip- 
tion of Explorations in Yucatan, conducted by Dr. Le Plon- 
geon, accompanied by his wife. The Smithsonian Institution 
has received, and will soon publish,a manuscript by Dr. 
Habel on the Bass-reliefs of Santa Lucia Cosumahualpa, in 
Guatemala. Hon. Geo. Williamson contributes to the Smith- 
sonian Rep., 1876, a paper on Antiquities in Guatemala. In 
the same volume will be found an illustrated article on the 
Latimer Collection in the National Museum from Porto Rico. 
The Stone Implements are further explained by objects from 
Turk’s and Caicos Islands, sent by Professor Gabb, and Messrs. 
Gibbs, Brace, Frith, and Murphy. Mr. A. Ober has been en- 
gaged during the year in collecting for the National Museum 
over the ancient Carib area. 

SOUTH AMERICA. 

In a work entitled “ Archives du Muséum National de Rio 
Janeiro,” vol. 1., 1876, are the following archzological papers: 
La Situation, etc., des Sambaques du Brésil, Ch. Wiener; Ré- 
marques sur des Tangas en Terre Cuite de l’Ile de Marajo, 
Ch. F. Hartt; Les Races Indigénes de Brésil, Drs. Lacorda 
and Peixoto. In the Bulletin of the Société d’ Anthropologie, 
1876, p. 359, Dr. Broca describes a series of crania from Bo- 
gota. Professor Orton, while prosecuting his examination 
of the antiquities of Peru, died near Cuzco (WV. Y. Tribune, 
Oct. 20). The late work of the Hon. E. G. Squier on the an- 
tiquities of Peru will for some time to come be the classic 
upon this subject. Dr. F. P. Moreno, whose researches in 
Patagonia are partially sketched in the Geographical Maga- 
zine, No. 8, has been very fortunate in discovering the ee 
of an ancient race in that country. 

EUROPE. 

Mr. Pengelly’s opening address before the geological sec- 
tion of the British Association was upon Cave Explorations 
in the south of England, American Journal, vol. xiv., p. 299 
and 387. At the same meeting excursions were made to the 
celebrated caves in the vicinity. About thirty papers on 
anthropological subjects were offered, the great majority of 
them being archeological. The proceedings of the Anthro- 
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pological Institute are reported weekly in the Athenceewm, the 
Academy, and Nature. The Glasgow Lecture Society has 
published Mr. Pengelly’s lecture on Kent’s Cavern. Atten- 
tion is called to the following papers on British archeology: 
Notes on the Barrows and Bone Caves of Derbyshire, Rooke 
Pennington, Macmillan’s Magazine; Man and the Glacial 
Period, “Thomas Belt, Popular Science Monthly, Nov.; Pre- 
eae Europe, ane Geikie, Dalby and Isbister ; is Man 
Tertiary ? Professor Mantovani, Geological Magazine; An- 
cient Monuments, Sir J. Lubbock, Wineteenth Century; Flint 
Implements, Capt. C. Cooper King, Popular Science Monthly, 
No.4; Caves and their Occupants, Rev. J. M. Mello, zbid., and 
in Quarterly Journal of the Geological Society, Aug., 1877. 
The most notable event in England for archeologists dirttee 
the past year was a discussion, before the Anthropological 
Institute, upon the Present State of the Evidence as to the 
Antiquity of Man. The debate was participated in by Messrs. 
Evans, Hughes, Dawkins, and Tiddemann. Through the press 
Messrs. Belt, Skertchly, Geikie, and Hughes gave their opin- 
ions on the same subject (Nate e, May 24,31; June 7, 14, 21, 
28; July 5; Atheneum, May 5; Journal of the Anthropolog- 
ical Institute, Nov.). 

In Matériaux, No. 12,1876, M. Mortillet gives a table rep- 
resenting the archeological epochs of France, as elucidated in 
his lectures, which formed a portion of the “ Cours d’Anthro- 
pologie.” The same savant read a communication before the 
Société d’Anthropologie entitled “ Divisions des Alluvions 
Quaternaires” (Bulletin, 1877, p. 48). At the French Associa- 
tion several archeological papers were read. The meeting is 
well reported in the Revue Scientifique. M. Broca’s presiden- 
tial address on the Fossil Races of Western Europe is given in 
Nature, Aug. 30. Ernest Chantre has published at Lyons 
Parts I., I., III. of the “ Age of Bronze in France,” a beauti- 
fully illustrated work. James Milne is the author of a work 
upon Excavations in Karnak, published by D. Douglas, Edin- 
burgh. In the Dublin Review for April is an article upon 
Primitive Man in the Somme Valley. 

Upon Scandinavian archeology we notice “The Influence 
of Classic Industry upon the Civilization of the North,” C. 
Engelhardt, Matériaux, No. 2,1877; “ Illustrated Guide- book 
to the Museum of Antiquities of the North,” same author; 
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“ Antiquités du Nord Finno-Ougrien,” J. R. Aspelin, Revue 
dela Société @ Archéologie Suédoise, I., I.; Matériaux, No. 1. 

Germany, that has furnished so many distinguished stu- 
dents of archeology, has not proved a fertile field for the 
explorer. Dr. Gross presented at the German Anthropolog- 
ical Association Nephrite Implements from Lake Biel, which 
raised a discussion as to their importation from China, <Ar- 
chiv fir Anthropologie, with the Correspondenzblatt and Zeit- 
schrift fir Ethnologie, are the authorized media of commu- 
nication. The Bavarian branch of the German Association 
has issued several beautifully illustrated numbers of Beitrdge 
zur Anth. u. Urgesch. Bayerns. Correspondenzblatt, Nos. 9 
and 10, contains a full report of the general meeting of the 
Deutsche Anthropologische Gesellschaft. 
Upon Italian archeology we have noticed: A Prehistoric 

City in Tuscany, R. Pullan, Academy, July 1; On the Origin 
of Terramares, Archivio, vol. iv., Nos. 3 and 4; “Gli Scavi 
della Certosa di Bologna,” reviewed in Matériaux, No.1; 
Sculptures sur les Bords des Lacs de Merveilles, Watériaua, 
No. 8; Bibliographie Italienne, Matériaux, Nos. 3 and 4. 
Archivio per lV’ Antropologia, Florence, continues to be the 
organ of the Italian archeologists; but it is hard to get 
a view of it on this side of the Atlantic. : 

Illustrated notices of the Congress at Buda-Pesth, and on the 
archeology of the Austro-Hungarian Empire, are to be found 
in Matériaux, Nos. 2 ,4,5, and 7,by E. Chantre; in Smithsonian 
Rep.,1876,by F.Romer; in Bulletin of the Société d’Anthro- 
pologie, 1876; in Proceedings of the French Association, 1877; 
in Mittheilungen der Anthropologischen Greselischaft in Wien, 
1877; and in Archiv fiir Anthropologie, 1877, parts i., ii. 

Preparations are making for an archeological exhibition 
at Moscow in 1878. The Royal Archeological. Commission 
has been prosecuting extensive researches near Kertch and 
elsewhere for the exhibition (MMittheilungen der Anthropolo- 
gischen Gesellschaft in Wien, Nos.4 and 5). Von C. Grewinck, 
in Dorpat, publishes his work “ Zur Archiologie des Balticum 
und Russlands;” see also Archiv, vol. x., articles vii. and xviil. 
The Kourganes of the province of St. Petersburg are de- 
scribed by M. Mainoff, Matériaux, No.8. Murray, of Lon- 
don, and the Harpers, of New York, publish General Di Ces- 
nola’s magnificent work on Cyprus. The Scribners have 
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brought out an edition of Schliemann’s “ Ancient Mycene.” 
Attention is called to the following papers of general import: 
Amber, ete., Dr. A. V. Bastelaer, Matériaux, No.7; M. Franks, 
ibid., 1876, No. 11; C. V. Baer, Archiv, vol. ix., part iv. ; Mor- 
tillet, Bulletin of the Société d’ Anthropologie, 1876, No. 59; 
Genthe, Lindenschmidt, and Hartmann in Archiv, 1877, Nos. 
1 and 2; Dr. Heinrich Wankel, Witthetlungen der Anthropolo- 
gischen Gesellschaft in Wien; Die Mineralogie als Hiilfswis- 
senschaft fiir Archiiologie, G. Fischer, Archiv, part iii.; Pre- 
historic Uses of Iron and Steel, St. J. Day, Athenceum, Sept. 2; 
the Fauna and Flora of Prehistoric Times, Professor Rolleston, 
British Association, and Woldrich in MWitthetlungen der An- 
thropologischen Gesellschaft in Wien, Nos. 4and5,1877; Mod 
ern Excavations, J. P. Mahaffy, Contemporary Review, April, 
1877; Batons of Command, L. Pigorini, Matériaux, No. 2; 
M. Mortillet’s Classification, de Neuville, Matériaux, Nos. 3 
and 4; The Antiquity of Man, Carl Vogt, Revwe Scientifique, 
May 5 and 12; 8. R. Patteson, Jowrnal Victoria Institute, 
No. 10; Oppert in Nachrichten der £onigl. Gesellschaft der 
Wissenschaften zu Géttingen, Nov. 10,1877; Quatrefages, 
Revue Scientifique, Feb.3; De Marichard and M. Brocaat the 
French Association ; “ L’ Homme Fossile en Europe,” Le Hon, 
new edition by M. Dupont; Trépanation, De Mortillet, A/até- 
riaux, No. 4,and Dr. Wankel in Mittheilungen der Anthropolo- 
gischen Gesellschaft in Wien, Nos.4 and 5; Non-sepulchral 
Monuments, J. Walhouse, Watwie, March 8 ; Kitchen-middens, 
W. Laws, Anthropological Institute, Dec. 11,1876; Accumu- 
lations of Silex, M. Puligny, French Association; Primitive 
Agriculture, Miss A. W. Buckland, Anthropological Institute, 
Aug. 

AFRICA. 

M. Hamy read a paper before the French Association on 
the Stone Age among the Negro Races. Mr. George Gibbs, 
of Turk’s Island, in a letter to the Smithsonian Institution, 
relates a conversation with some negroes wrecked on that 
island, in which they recognized some celts shown them as 
similar to those regarded as thunder-stones in their country. 

ASIA. 

J.T. Wood’s “Discoveries at Ephesus” is published by 
Longmans. R.B. Martin reported to the London Anthropo- 
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logical Institute, May 1, the discovery of a kitchen-midden 
at Smyrna. Professor Hitchcock gave an account of the 
American Palestine Exploration Society before the John 
Hopkins University, May 1. The same subject was dis- 
cussed by the Rey. Selah Merrill before the American Geo- 
graphical Society. A German society for exploring Palestine 
has been organized by Dr. Zimmermann, of Basle, and others. 
The Zransactions of the Society of Biblical Archeology have 
reached the tenth volume. Mr. Boscawen describes the dis- 
covery of a Babylonian Calendar in Academy, Nov.17. The 
Society for the Promotion of Christian Knowledge is pub- 
lishing a series entitled “ Ancient History from the Monu- 
ments.” Bertram Hartshorne read a paper before the British 
Association on the Ancient People of Ceylon. Dr. Foreman 
publishes in the Smithsonian Rep., 1876, a translation of Blon- 
del’s work on “ Jade-working among the Chinese.” In Ma- 
tériaux, No.2, M. Moura discusses the Age of Stone in Indo- 
China. The archeologist who wishes to study the antiqui- 
ties of India must refer to the Journal of the Royal Asiatic 
Society, with its branches in India; Zeitschrift der Morgen- 
liindischen Gesellschaft; Journal Asiatique; Triibner’s Amer- 
ican and Oriental Record, and the Indian Antiquary, Lon- 
don. 

Atheneum, July 28, refers to Stone Circles in Australia. 

ETHNOLOGY. 
ANATOMY, PHYSIOLOGY, AND PSYCHOLOGY. 

Lucien Carr, in the tenth annual report of the Peabody 
Museum, gives the measurements of the skulls received dur- 
ing the year. T.O.Summers read before the American As- 
sociation a paper on the Skull ofa Comanche. At the British 
Association Professor Rolleston spoke of the Rationale of 
Brachycephaly and Dolichocephaly, and upon Artificial De- 
formation of the Head. At the same meeting Mr. Sorby dis- 
cussed the coloring matter of the hair. Professor Flower 
delivered a course of lectures before the Royal College of 
Surgeons on the Comparative Anatomy of Man. In the Jowr- 
nal of the Anthropological Institute, Professor Busk presents 
a paper on a Collection of Skulls from Mallicollo and Vanikoro. 
At the meeting of the Institute, March 22, Dr. Clapham made 
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a communication on Brain-weight of the Chinese and Pelew- 
Islanders. In Abhandl. der K6nigl. Akad., Berlin, 1876, Pro- 
fessor Virchow has a valuable paper on the Physical Charac- 
teristics of the Germans. In the Bulletin of the Société d’An- 
thropologie, 1876, p. 23, M. Roujou discusses the proportions 
of the Humerus and Femur. In the same volume is a criticism 
of the Parietal Angle of De Quatrefages by M. Topinard. At 
the French Association M. Parrot read a paper on Cranial 
Deformations occasioned by Hereditary Syphilis. The pa- 
per awakened a learned discussion by several anthropologists 
present. Dr. Gildemeister, Archiv, parts i., i1., advocates the 
adoption of a system of cranial measurement to be settled 
by common consent. Dr. A. Ecker contributes to Archiv, 
part iii.,an illustrated paper upon Cranio-cerebral Topog- 
raphy. 

Governor Bross read a paper before the American Associa- 
tion entitled “ All Life Conditionally Immortal.” Revised 
editions of George H. Lewes’s “ Physical Basis of Mind” and 
Dr. Maudsley’s “ Physiology of the Mind” have appeared 
during the year. In the Revue Scientifique Fy. Paulban at- 
tempts to establish a physical basis of sensibility in an article 
entitled “Le Plaisir et la Douleur.” Charles Darwin con- 
tributes to Mind, for July, a Biographical Sketch of an Infant. 
Albert J. Mott read before the Literary and Philosophical 
Society, Liverpool, a review of “* Haeckel’s History of Crea- 
tion,” characterizing it as an attempt to dogmatize where 
nothing is known. Additional contributions to the subject 
are the following: “The Struggle of Life,” Arthur Nichols, 
Longmans (see ature, Dec. 7, 1876); Sur la Taille, ete., 
M. Topinard, Bulletin of the Société d’Anthropologie, 1866, 
p- 410; “Anthropologie Zoologique et Biologique,” Broca, 
Reinwald, and Co. ; Méthode de Biologie Humaine, Delauney, 
Bulletin of the Société d’ Anthropologie, 1876, p.586; Pro- 
fessor Haeckel’s Address before the German Association on 
the Evolution Theory in Relation to Science in General; The 
Influence of Civilization on the Duration of Life, C. T. Lewis, 
in the Sanitarian ; Evolution of Man, Rey. J. F. Blake, Sun- 
day Lecture Society, Jaf.; Comparison of the Index and Ring 
Fingers, Francis Galton, Mature, Sept. 20; on the Physiolog- 
ical Effects of a very Warm Climate, Dr. O. Loew, Wheeler’s 
Rep., 1876; on Labor and Longevity, R. B. Carter, Sunday 



ANTHROPOLOGY. 265 

Lecture Society, Feb. 11; Animal Depravity, Popular Science 
Monthly, Dec. (from Quarterly Journal of Science). 

ETHNOGRAPHY. 

North America. 

The Migrations of the Eskimos, Dr. J. Rae, a paper before 
the Anthropological Institute, April 24, 1877; Rink’s Green- 
land reviewed in Nature, Nov. 22; The Peopling of America, 
A. R. Grote, American Naturalist, April; Die Indianer Can- 
adas, Globus, xxxil., 1877; the American Indians of the North- 
west, H. C. Carrington, American Association; Are the In- 
dians Dying Out? 8. N. Clark, Bureau of Education, Wash- 
ington (the same theme was discussed by Col. Garrick Mal- 
lery at the American Association) ; The Sioux of Dakota, Col. 
A. G. Brackett, Smithsonian Rep., 1876; Centennial Mission 
to the Indians, Stephen Powers, Smithsonian Rep., 1876 (the 
same author will be the principal contributor to Powell’s 
“Contributions to American Ethnology,” vol. iii.) ; Ancient 
and Modern Pueblo Tribes, E. A. Barber, American Natural- 
ist, Oct.; An Account of the Nez Percés, Col. Mallery, Wation, 
July 12 and Aug. 2; Location of Indian Tribes from Old Maps, 
S.D. Peet, American Anthropological Association; Missionary 
Excerpta, Dr. Dalrymple, Baltimore; The Twana Indians, 
Rev. M. Eels, Hayden’s Budletin; Ethnology of Southern 
California, O. Loew, in Wheeler’s Rep., 1876; The Tribes of 
the Alaskan Peninsula, W. H. Dall, Powell’s “ Contributions 
to American Ethnology,” vol.i.; Ethnography, ete., of the 
Hidatsas, Washington Matthews in Hayden’s “ Miscellaneous 
Publications ;’ Champlain’s Expedition against the Hurons, 
Magazine of American History ; the Indian Systems of Can- 
ada and the United States, Col. Mallery, Wation, Sept. 6; De- 
scriptive Catalogue of Photographs of North American In- 
dians, W.H. Jackson, Hayden’s “ Miscellaneous Publications,” 
1877. Mr. Clarke Mills has prepared for the National Mu- 
seum sixty casts of the heads of pure-blooded Indians, of dif. 
ferent tribes, confined as prisoners of war at St. Augustine, 
Florida. 

South America. 

The Zapateros of Ecuador, A. Simpson, British Associa- 
tion; The Tribes of British Guiana, W. Harper, Anthropo- 

M 
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logical Institute, Nov. 2, 1876; Das Land der Yukararer, 
etc., Von Holten, Zeitschrift, No. 2,1877; ‘Pioneering in 
Brazil,” T. P. Bigg, Murray, London; Ueber die Eingeborenen 
von Chiloe, L. Mark, Zeitschrift fir Ethnologie, No. 3, 1877; 
The Fuegians, M. du Val Dailly, Bulletin of the Société d’An- 
thropologie, 1876, part ii. 

Europe. 

Ethnology of the Scottish Highlands, Hector MacLean, 
Anthropological Institute, Aug.; The Old Gaelic Culture, 
Westminster Review, July ; The Ethnology of West Cornwall, 
Rev. Lach Szerma, British Association; “Los Aborigénes 
Ibéricos,” etc., Francisco M. Tubino, Madrid ; “The Cagots 

and Gypsies of France and Spain,” V. de Rochas, reviewed by 
E. B. Tylor, Academy, May 5. In the Bulletin of the Société 
@ Anthropologie, 1876, pp. 100, 128, 131, will be found Dis- 
cussions by MM. Bertrand and Lagneau upon the Celts; the 
Ethnology of Germany, H. H. Howorth, Anthropological In- 
stitute, Dec. 9, 1876; Zur Volkerbewegung in Mitteleuropa, 
G. Mehlis, Das Ausland, May 28, June 11, and in subsequent 
but not consecutive numbers. The “ Lithuanian Provinces,” 
etc., M. Koutznetzoff, reviewed in the Bedletin of the Société 
d Anthropologie, No. 165, 1876; “Die Arier,” Theodor Poésche, 
Jena, Costenoble; The Magyars, Hyde Clarke, Journal of the 
Anthropological Institute, March 13, 1877 (the same subject, 
by M. Hunfalvy, Ausland) ; The Laplanders, Von der Horck, 
Anthropological Institute, 1877; The Early Inhabitants of 
Mycenz, Dr. Phene, British Association. The works on Rus- 
sian and Turkish Ethnology are legion. Attention is called 
on this point to the following titles: Petermann’s MWittheilun- 
gen, 1.,1877; “Russia,” D. Mackenzie Wallace; The Bulga- 
rians, Dr. Beddoe, British Association ; “ Montenegro,” Rey. 
Dr. Denton, Dalby and Isbister; Slavonic Races, J7aser’s 
Magazine, Sept. ; “Travels in Slavonic Provinces,” Mackenzie 
and Irby, Dalby and Isbister; Les Races, etc., dans Armée 
Russe, Revue Scientifique, July ; The Turkish Question, West- 
minster Review, Jan.1; Turkey and Russia, Adinburgh Re- 
view, Jan.; Races of the Danube, John Fiske, Atlantic Month- 
ly, April; review of works in Westminster Review, April; 
“History of Ottoman Turks,” Sir Edward Creasy, Bentley 
& Son; Turkey, London Quarterly, April; Pruyssenaere’s 
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“Reisen,” Mittheilungen, Erginzungshefte 50,51. Triibner’s 
Catalogue contains many additional titles. 

Africa. 

“Upper Egypt,” C. B. Klunziger, Blackie & Sons, London; 
“The Negro Races of Africa,” Fred. Miiller, “ Grundriss 
der Sprachwissenschaft,” vol. i.; “ Africa Unveiled,” Rev. H. 
Rowley, Society for the Promotion of Christian Knowledge ; 
“ Die Nigritier,” Dr. Robt. Hartmann, Berlin, treats of North- 
eastern Africa; “The Cradle of the Blue Nile,” E. A. de Cor- 
son, Murray; The People of Southern Africa, M. de Jouvenceal, 
Bulletin of the Société d’Anthropologie, 1876, pp. 350, 385 ; 
“The Races of the Chad Basin” in Vature, April 26, review of 
Dr. Nachtigall’s work; Stanley’s Letters on his Adventures 
among the Tribes of the Lualaba-Congo, New York Herald, 
Oct. 9 and 10; ‘“‘ Across Africa,” Cameron, Dalby and Isbis- 
ter; “ Zulu Folk-lore,” Calloway, Academy, Nov. 17. 

Asia. 

The Quetta and the Afghans, Major Raverty, Geographical 
Magazine, vol. x1., p. 288; “ The Country of Beloochistan,” A. 
W. Hughes, Geo. Bell and Sons, London. “The People of the 
Upper Oxus” is the title of an elaborate ethnological mem- 
oir promised by the Russian Geographical Society. Vol. 
IV., Part I, of Wheeler’s “India” is announced. For fur- 
ther works on India, Triibner’s Catalogue must be consult- 
ed. “The History of China,” Venerable J. H. Gray, Mac- 
millan. 

Oceanica. 

On the Javanese, A. H. Kiehl, Jowrnal of the Anthropolog- 
ical Institute, vol. vi., p. 346; The Malays and Polynesians, 
Rey. 8. J. Whitmee, Anthropological Institute, Nov. 27; “Or- 
igin and Migration of the Polynesian Nations,” John D. Lang, 
Sampson Low and Co.; Our Knowledge of the Nicobarians, 
W.L. Distant, Jowrnal of the Anthropological Institute, vol. 
vi., p. 209; New Guinea and Polynesia, London Quarterly, 
July. The researches of D’Albertis and Beccari in New 
Guinea are reviewed in the Archivio for 1877, parts ii. and iil., 
by Mantegazza. This paper, illustrated by many plates, is 
the best réswmé of the subject lately published. ‘“ Migra- 
tions en Polynésie,” A. de Quatrefages, Paris, Martinet; In- 
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habitants of the Admiralty Islands, H. N. Moseley, Anthropo- 
logical Institute, Jan. 9; the Natives of Socotra, J. Hunter, 
British Association; Old and New Zealand, Academy, Nov. 
18; The South Sea Islanders, W. L. Rankin, Anthropological 
Institute, Jan., 1877; The Dying-out of Polynesian Races, 
Mr. Wedderburn, Fortnightly ; The Polynesian Race, Abra- 
ham Fornander, vol. iii., Anglish and Koreign Phil. Library. 

General Discussions. 

“The Origin of Nations,” George Rawlinson, Scribnevr’s re- 
print; L’Espece Humaine, De Quatrefages, Revue Scien- 
tifique, March 24; Negro and White Races, C. H. Fort, Amer- 
ican Journal of Obstetrics, April. 

DEMOGRAPHY. 

Mr. Francis Galton, who is almost the creator of this de- 
partment of ethnology, delivered an address before the De- 
partment of Anthropology, Section D, British Association, on 
the Application of Statistics to Anthropological Researches, 
American Journal, vol. xiv., p. 265. The same author read a 
paper before the Royal Institution, Feb. 9, on the Typical 
Laws of Heredity. Further communications are: Démo- 
graphie de la Seine Inférieure, Dr. Bertillon, French Associa- 
tion; The Growth of Children, Professor H. P. Bowditch, 
State Board of Health, Mass. Behm and Wagne1’s “ Bev6l- 
kerung der Erde ” forms the forty-ninth Supplement to Peter- 
mann’s Mittheilungen. Color of the Hair, Eyes, and Skin of 
German Children, Professor Virchow, German Anthropolog- 
ical Society. 

PHILOLOGY. 

America. 

Major J. W. Powell, now in charge of all the American 
linguistic material collected by the Smithsonian Institution, 
has largely added thereto from other sources; and, in or- 
der to make thorough work, has issued a pamphlet of instruc- 
tions to collectors, entitled “Introduction to the Study of 
Indian Languages, with Words, Phrases, and Sentences to be 
Collected.” The first volume of Major Powell’s ‘‘ Contribu- 
tions to American Ethnology” contains the Niskwally Gram- 
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mar and Dictionary of George Gibbs. Further contributions 
to American linguistic science are the following: Indian 
Names of Places on Long Island Derived from Esculent and 
Medical Roots, J. Hammond Trumbull, Magazine of Amer- 
ican History ; The Tonkawa Languages, Albert 8. Gatschett, 
American Philological Society (papers from the same author 
will be found in the Magazine of American History, March, 
1877, in Wheeler’s Rep. for 1876, and in a pamphlet in Ger- 
man upon the Idioms Spoken in the Southwest of the United 
States); On the Utah Dialects, Edwin A. Barber, Hayden’s 
Bulletin, vol. iii., No. 3; Hidatsa Grammar and Vocabulary, 
Washington Matthews, Hayden’s Miscellaneous Publications; 
The Red Man Gauged by his Speech, E. Jacker, Catholic Re- 
view, April; American Indian Philology and Hieroglyphics, 
Congress of Americanists, and at the American Philological 
Association, Baltimore, July 6. 

Middle and South America. 

“The Indigenous Languages of Mexico,” Francisco Pimen- 
tel, Mexico, 3 vols.; The Language of Nahuatl, M. Lucien 
Adam, Revue Linguistique, Jan.; The Tupi Language, P. Gaf- 
farel, same number; The Use of Phonetic Characters by the 
Peruvians, Gustav Bruehl, State Archeological Association, 
Ohio. 

Europe. 

Transactions of the Philological Society, London, 1877, part 
1, contains the President’s address, and a review of the great 
families of languages by specialists. In the Academy, Jan. 
13, attention is called to a series of articles in the Hermathena 
on the Ogham alphabet. The following papers may be ex- 
amined with profit: On the English Names of Wild Flowers 
and Plants, Rev. W. Tuckwell, Vature, Aug. 30; Marks Found 
in the Chalk of Cissbury, Park Harrison, Journal of the An- 
thropological Institute, Jan.; The Etruscan Language, Rev. 
I. Taylor, Journal of the Victoria Institute, vol. x., and in 
Fraser's Magazine, March; On the Name Mediterranean, 
F. J. Bell, Journal of the Anthropological Institute, Jan. 
17; Das Problem iiber den Ursprung der Sprache, O. Caspari, 
Ausland, Nos. 47, 48, 49. The annual meeting of German 
Philologists and Teachers, Wiesbaden, Sept. 26-28. 
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Asia. 

The Origin of Semitic Languages, Rev. I. Taylor, Academy, 
Aug.4. For discussions upon the languages of Southern — 
Asia reference must be made to the eminent journals men- 
tioned under Asiatic ethnology. 

Oceanica. 

Under the supervision of Rev. J.S. Whitmee a series of 
Polynesian grammars and dictionaries is being compiled. 

General Discussions. 

The Functions of the Uvula, Dr. Rumbold, Western Re- 
view, vol. i., No.1, from Sé. Louis Journal; The Physiology 
of Language, E. B. Tylor, London Institute, Jan. 22 and 29; 
the History of Alphabets, Rev. Isaac Taylor, Victoria Insti- 
tute, June 18; Races and Languages, E. H. Freeman, Con- 
temporary Review, May; in Ausland, May 7, is a review 
of Miiller’s “Grundriss der Sprachwissenschaft ;” Academy, 
Aug. 25, contains a review of Hovelacque’s “ Linguistics,” 
by Rev. A. H. Sayce. 

CULTURE: 

Aliment. 

On the Stimulants of Ancient and Modern Savages, Miss 
A. W. Buckland, British Association. 

Edifices. 

Indian Fort Dwellings, Dr. W. E. Doyle, Smithsonian Rep., 
1876. 

Vessels. 

The works of Prime and Elliott on Pottery are praise- 
worthy additions to our literature on the subject: a review 
of Prime by F. W. Putnam will be found in Zhe Nation, 
Jan. 3, 1878. 

Implements. 

Classification of Arrowheads, W. J. Knowles, Anthropolog- 
ical Institute, Dec. 11,1876; Perforations of Stone, Wurm- 
brand, Mittheilungen, Nos.4 and 5; Flint Cores as Imple- 
ments, Dr. Gillespie, Anthropological Institute, Jan. ; On the 
Boomerang, A. W. Howitt, ature, Feb. 8; Vegetable Poi- 
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sons in Samoa, Rev. Thos. Rowell, Linnzan Society, March 
15; Obsidian Cutlers of Melos, Wature, Feb. 15; Chinese 
Modes of Fishing, Popular Science Monthly, June; Irrigation 
Works in India, B. Hartshorne, British Association; The Ear- 
liest Seat of the Domestication of Animals, V. Frantzius, Ar- 
chiv, parts 1.,11.; A New Domestic Dog of the Bronze Period, 
Woldrich, MWittheitlungen der Anthropologischen Gesellschaft 
in Wien, Nos. 4 and 5; Crude and Curious Inventions at the 
Centennial Exposition, E. H. Knight, Atlantic Monthly, March 
to December. 

Valuing. 

A Calendar of the Dakota Nations, Col. Garrick Mallery, 
Hayden’s Bulletin, vol. ili., No. 1. 

Musie. 

On the Hindoo Octave, R. H. M. Bosanquet, Royal Society, 
Feb. 8. Mr. Knight’s articles named above treated in the 
first chapters on Musical Instruments. 

Sports. 

The Horse as an Instrument of Gambling, Contemporary 
Review, Aug.; La Crosse, Canadian Monthly, April. 

The Family. 

“The Knot Tied,” Wm. 'Tegg, published by Tege and Co., 
London. The new edition of McLennan’s “ Primitive Mar- 
riage” is reviewed by Lubbock, Mature, Dec. 14,1876; On 
the Evolution of the Family, Herbert Spencer, Popular Sci- 
ence Monthly, several numbers; “Das Kind in Brauch and 
Sitte der Volker,” Dr. Ploss, Stuttgard, 2 vols. ; Infanticide, 
C. A. Fyffe, Nineteenth Century, June; English Nursery 
Tales, W. R. S. Ralston, London Institute, Feb. 22; Turkish 
Story-books, Wineteenth Century, No. 1. 

Social Life. 

“Meetings and Greetings,” Wm. Tege, London; Aborig- 
55) 

inal Funeral Customs, American Naturalist, April; Folk 
Dirges, Cornhill Magazine, Aug.; Le Faste Funéraire, Re- 
vue des Deux Mondes, March and April; Cremation in Sitka, 
American Naturalist, June; Burial of the Dead among the 
Primitive Aryans, Matériaux, vol. ix. Dr. H. C. Yarrow will 
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prepare an exhaustive memoir on the subject of Aboriginal 
Burial among the American Indians, and has issued a cir- 
cular asking for information from all quarters. 

Government. 

The Origin of Rank, Living Age, April 7 (from Saturday 
Review); “Flagellation and Flagellants,” Rev. W. Cooper, 
published in London. 

Religion. 

Outlines of the Philosophy of the North American Indians, 
J. W. Powell, American Geographical Society ; ‘Serpent and 
Siva Worship in Central America,” Hyde Clarke, Triibner and 
Co.; Culture Heroes of the Ancient Americans, J. T. Short, 
Appletons’ Journal, March; Mythologie, etc., des Esquimaux, 
Mélusine, Feb. 20 (the last-named periodical is entirely de- 
voted to comparative mythology); Nagualism, etc., in the 
United States, Catholic World, April; Basque Legends, Dr. 
Fitzgerald, Gentleman's Magazine, Sept., and by W. Web- 
ster in a work published by Griffith and Farren (see WVature, 
March 8); Tyrolean Superstitions, Ethel C. Gale, Lippincott’s 
Magazine, June; Sicilian Folk-lore, Cornhill Magazine, April; 
Religion and the Great Pyramid, R. A. Proctor, Fraser's Mag- 
azine, March; An Egyptian Phallus and Hebrew Circum- 
cision, Hermann Welcker, Archiv, parts i., ii.; “Mythology 
among the Hebrews,” I. Goldzieher, Longmans; “The Folk- 
lore of China,” N. B. Denys, Triibner and Co.; New Zealand 
Myths of Creation, Journal of the Anthropological Institute, 
Jan.; “ Magic among the Chaldeans,” F. Lenormant, Maison- 
neuve; “ Les Dieux de Babylone et de PAssyrie,” ¢d. » Tradi- 
tions Assyriennes, Ann. Ph. Chrétienne, Jan.; “Sur la Légende 
du Boudha,” E. Senart, E. Leroux; Symbolism ofthe Feat- 
ures, J.W. Jackson, Phrenological Journal, March 6; ‘ Finger- 
ring Lore,” Wm. Jones, reviewed in Academy, Nov. 18; Mes- 
merism, etc., W. B. Carpenter, Popular Science Monthly, June; 
Demonolatry, ete., R. C. Caldwell, Contemporary Review; On 
Demonology, M. D. Conway, Sunday Lecture Society; Myths, 
Rt. A. Proctor, Belgravia, Sept.; The Myths and Marvels of 
Astronomy, same, Putnams Magazine; Astronomical Myths, 
John P. Blake, from Flammarion; La Nomenclature des 
Légendes Anciennes, M. Daleau, French Association; Zur 
Geschichte der Religion, Awsland, Feb.5; The Rationale 
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of Mythology, Cornhill Magazine, April; Discussion upon 
“ Religiosité,” Bulletin of the Société d’ Anthropologie, 1877, 
pp. 30 and 56 ; L’Anthropophagie, Revue Scientifique, No. 10; 
Trépanation, Bulletin of the Société d’Anthropologie, 1876, 
pp. 551, 572; 1877, p.12. 3 

General Treatises. 

Part V. of “ Descriptive Sociology,” Herbert Spencer; 
“Principles of Sociology,” vol. i., same, reviewed by E. B. 
Tylor in Mind, April; Dr. Mehlis’s work on the “Sociology 
of the Inca Empire,” reviewed in Ausland for March; “ An- 
cient Society,” L. H. Morgan, Henry Holt and Co. A new 
edition of Von Hellwald’s “ Culturgeschichte” has brought 
the subject down to the present time. 

INSTRUMENTALITIES. 

APPARATUS. 

An Archeological Exchange Club has been organized by 
tev. 8S. D. Peet, Ashtabula, O. Professor Flower, in his lect- 

ures on the Comparative Anatomy of Man, drew attention 
to a stereograph invented by M. Broca for the accurate de- 
lineation of crania, ete. 

TERMINOLOGY. 

A discussion upon the words anthropology, ethnology, and 
ethnography, bulletin of the Société d’Anthropologie, 1876, 
pp. 199, 298,375; by M. Broca in his opening address before 
the Cours d’Anthropologie, Paris; and by Topinard in the 
introduction to his “ Anthropologie.” In the Journal of the 
‘Anthropological Institute Wm. L. Distant discusses the pro- 
priety of the use of the word religion by anthropologists. 

MEETINGS. 

American Association, Nashville, Aug. 29; American An- 
thropological Association, Cincinnati, Sept. 5 and 6; Amer- 
ican Philological Association, July 6; American Geograph- 
ical Society ; State Archeological Association, Ohio, Aug. ; 
State Archeological Association, Indiana, Sept. 12; British 
Association, Plymouth, Aug. 15; French Association, Havre, 
Aug. 23; Congrés des Américanistes, Luxembourg, Sept. 10; 
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Congrés Archéologique de France, Senlis, May 28; German 
Anthropological Association, Constance, Sept. 24; German 
Association of Naturalists and Physicians, Munich, Sept. 17; 
Russian Archeological Association, Kazan, Aug. 12. 

TRANSACTIONS. 

Davenport Academy, vol. ii., part i.; Wisconsin Academy 
of Natural Science; Smithsonian Rep., 1876; Peabody Mu- 
seum Rep., vol. x.; Journal of the Victoria Institute, vols. x., 
xi.; Journal of the Anthropological Institute, in parts to 
Noy.; Bulletin of the Société d’Anthropologie; Archiv fiir 
Anthropologie; Zeitschrift ; Mittheilungen der Anthropolo- 
gishen Gesellschaft in Wien; Beitrdge zur Anthropologie 
Bayerns, Nos. 1, 2, 3,4; Annales de ?Académie Eth. de la 
Gironde. 

LECTURES. 

Course on Prehistoric Archeology, Syracuse University, 
W.de Hass; Cours d@’ Anthropologie, Paris, MM. Broca, To- 
pinard, Hamy, Bertillon, Hovelacque, Mortillet, and Dally. 

MUSEUMS. 

The Smithsonian Institution has issued a circular in order 
to ascertain the location of all aboriginal remains and of 
every public and private anthropological collection in Amer- 
ica. DBeilage zu No.1 des Correspondenzblattes, 1876, contains 
a catalogue of public and private anthropological museums 
in Germany and adjoining countries. The anthropological 
collections of the National Museum were more than doubled 
in number and value by the Centennial Exhibition. The 
president’s address at the last annual meeting of the An- 
thropological Institute was a résumé of the society’s work 
during the year. An Ethnographical Museum has been 
opened at Helsingfors, Finland. The Museum fiir Vélker- 
kunde, Leipsic, has issued its fourth annual statement. 

PERIODICALS AND BIBLIOGRAPHY. 

Professor W. Koner, in Zeitschrift fiir Ethnologie, Dec., 
1877, gives a list of 2000 ethnological and anthropological 
treatises for 1876, Sabin’s Bibliotheca Americana has reach- 
ed its fiftieth number with the word Jamaica. The same 
publisher has issued “ A Bibliography of Bibliographies.” 
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ZOOLOGY. 
By Dr. A. S. PACKARD, Jr.,* 

DIREcToR OF THE Peauopy ACADEMY OF SCIENCE, SALEM, Mass. 

GENERAL ZOOLOGY. 

Zoological science has advanced during the past year, not 
only in systematic and biological directions, but also in the 
more difficult fields of histology, embryology, and physiol- 
ogy. 

Treatises. 

Among general works are those of Pagenstecher and Ji- 
ger, and Huxley’s “ Manual of the Invertebrates.” 

Explorations and Researches. 

_ Explorations have been carried on in North America by 
Cope, Goode, Scudder, Packard, Boucard, Jordan, Verrill, 
Streets, and others, and in South America by Professor Or- 
ton; while Professor Morse has made valuable observations 
on the lower animals of Japan, and European explorers have 
been as active in the Old World. 

The United States Fish Commission has made valuable 
discoveries off the coasts of Massachusetts and Nova Scotia, 
besides prosecuting its work in our inland waters. 

In March, Congress passed an appropriation providing for 
a commission of three skilled entomologists to report upon 
the depredations of the Rocky Mountain locust, and the best 
practicable method of preventing or guarding against their 
recurrence. The commission was attached to Hayden’s Unit- 
ed States Geological Survey, and consisted of Messrs. C. V. 
Riley, A. 8. Packard, Jr.,and Cyrus Thomas. Explorations 
have been carried on between the ninety-fourth meridian and 
the Pacific coast, and two bulletins of immediate practical 
interest issued, while a report of the summer’s work is near- 
ly ready. 

* The chapter on the vertebrates has been furnished by Professor Theo- 
dore Gill, of Washington, D.C. 
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Several volumes on zoology have been issued by the Unit- 
ed States Geological Survey, conducted by Professor F. V. 
Hayden. Of these the most important are: “ Monographs 
of North American Rodentia,” by Elliott Coues and Joel 
Asaph Allen; published as one of the quarto series of the 
United States Geological Survey of the Territories, F. V. 
Hayden in charge: Washington, 1877. It contains eleven 
monographs—five by Dr. Coues and six by Mr. Allen, with 
appendix. “A Synoptical List of the Fossil Rodentia of 
North America,” by J. A. Allen, and Appendix B. “ Mate- 
rial for a Bibliography of North American Mammals,” by 
Theodore Gill and Elliott Coues. The volume is carefully 
indexed, comprises 1091 pages, and contains five plates illus- 
trative of the skulls of the Muride. It is a monumental 
work upon a single order of mammals. 

The volume on Zoology of Lieutenant Wheeler’s Survey 
of the Western Territories, carried on by the United States 
Engineer Corps, is dated 1875, but has but recently been 
distributed. It is largely devoted to an enumeration of the 
birds of the Rocky Mountains, with extended remarks on 
their habits and distribution by Mr. H. W. Henshaw. The 
mammals are discussed by Drs. Coues and Yarrow, who also 
report on the batrachians and reptiles, while the fishes have 
been worked up by Professor Cope and Dr. Yarrow. Much 
space and several beautiful plates are devoted to the insects, 
the following gentlemen presenting reports on the species 
belonging to the orders of which they have a special knowl- 
edge, to wit: E. T. Cresson, Edward Norton, T. L. Mead, W. 
H. Edwards, R. H. Stretch, R. Osten-Sacken, H. Ulke, P. R. 
Uhler, Cyrus Thomas, and H. A. Hagen; while Dr. Yarrow 
reports on the shells, and Professor A. E. Verrill on the 
leeches. 
A bulky report on the vertebrate paleontology of Whee- 

ler’s survey, illustrated with many plates, comprises the re- 
sults of Professor Cope’s researches in New Mexico and Col- 
orado during a single season. 

After a delay of several years, Captain (now Colonel) 
Simpson’s report of explorations across the Great Basin of 
the Territory of Utah has appeared, containing a list of 
birds collected on the expedition, by Professor 8. F. Baird, 
and a finely illustrated report on the fishes by Professor Gill. 
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Dr. Sachs, who was sent to Venezuela by the Berlin Acad- 
emy of Science, for the purpose of studying the electric eel 
in its native haunts, has returned, after an absence of ten 
months, with a rich store of valuable observations. 

Professor E. D. Cope has lately visited the Nickajack Cave, 
near Chattanooga. The cave is as large as the Mammoth or 
Wyandotte Cave, and is traversed by a large stream. He 
found an abundance of a blind craw-fish and several small 
crustacea, some of them allied to Cecidotea. He also pro- 
cured the myriopod Spirostrephon cavernarum, a spider with 
eyes, and a Raphidophora, ete. 

The reports upon the biological results of the Valorous 
expedition by Dr. Gwyn Jeffreys and Dr. Carpenter, as well 
as the Rey. A. M. Norman and others, are contained in the 
Proceedings of the Royal Society of London. he Valorous 
was a store-ship sent out with the recent British polar expe- 
dition, and on her return from Disco Island dredged and 
sounded with most interesting results. Living Globigerina 
were captured on the outward voyage, and “ countless num- 
bers of a microscopic mite, which swarmed everywhere, and 
appeared to be busily engaged in eating the outer layer of 
the sea-weed, as well as the spawn” of a mollusk and the 
animal of a polyzoon. Some remarkable brachiopods, a new 
genus of sea-urchins, new shells and worms, several of which 
are fossil in Sicily, occurred at depths between one thousand 
and two thousand fathoms. Thirty-three species of shells 
were added to the list of Greenland shells, while the lists of 
Crustacea, Tunicata, Polyzoa, Radiata, etc., were greatly in- 
creased, as this is the first time that dredging has been car- 
ried on at such depths off the coast of Greenland. Mr. Jef- 
freys suggests that the marine fauna of Greenland is rather 
European than American; while Mr. Norman, on the other 
hand, believes that the fauna of Davis’s Strait is American 
rather than European. It seems to us that the reporters 
overlook the fact that the polar deep-sea life is neither ex- 
clusively American nor European, but eczrewmpolar, with 
features of subordinate importance characterizing each side 
of the Atlantic. The map showing the ocean bottom of the 
North Atlantic is of much interest in connection with recent 
speculations as to the former existence of a Tertiary polar 
continent connecting Europe and Greenland with America. 
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The coloring matters of various animals, and especially of 
deep-sea forms dredged by the Challenger, are described by 
Mr. Moseley in the Quarterly Journal of Microscopical Sci- 
ence. During the voyage of the Challenger he made a con- 
tinued series of observations with the spectroscope on the 
coloring matters of various invertebrate animals. The col- 
ors were examined spectroscopically in almost all cases in 
which an animal presented marked coloration, but usually 
further attention was only paid in those instances in which 
a spectrum presenting isolated bands was obtained, such col- 
oring matters being of most immediate interest, because they 
are able to be readily identified. 

Mr. Moseley’s remarks, in the same paper, on phosphores- 
cent animals are interesting. Very little, if any, light can 
penetrate from the surface of the sea to depths such as one 
thousand or two thousand fathoms. Nevertheless, several 
facts show that at these depths light of some kind exists. 
Some deep-sea animals are entirely destitute of the eyes pos- 
sessed by their shallow-water congeners, and appear, like the 
blind cave-animals, to rely on touch alone, being provided 
with specially long antennal hairs or fine rays for the pur- 
pose of feeling. Professor Wyville Thomson and Dr. Car- 
penter have suggested that phosphorescent animals form the 
source of light in the deep sea. Mr. Moseley seems to adopt 
this rather absurd view, and he adds that “it seems certain 
that the deep sea must be lighted here and there by greater 
or smaller patches of luminous Alcyonarians, with wide in- 
tervals, probably, of total darkness intervening. Very pos- 
sibly the animals with eyes congregate around these sources 
of light.” 
A second contribution to our knowledge of the animals 

of Lake Titicaca, in South America, is a list of the mammals 
and birds by Mr. J. A. Allen, and of the crustacea by Mr. 
Walter Faxon. Mr. Garman contributes a number of in- 
teresting notes concerning the llama, alpaca, guanaco, and 
vicuha. Two new birds are described—a Gallinula and an 
I bis, 
Under the title of “Scientific Results of the Exploration 

of Alaska by the Parties under the charge of W. H. Dall,” 
Vol. IL, No. 1, Mr. Dall has begun the publication of the re- 
sults of his researches on the marine animals of the north- 
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west. The present number contains an introductory note 
on the marine faunal regions of the North Pacific, and an 
article on the extrusion of the seminal products in limpets, 
with remarks on the phylogeny of the Docoglossa by Mr. 
Dall, while a report on the hydroid polypes, illustrated with 
ten plates, is contributed by Mr. 8. F. Clark. 

Professor J. B. Steere, of the University of Michigan, has 
recently returned from an expedition to the Philippine Isl- 
ands, bringing with him large collections of animals. The 
birds have been placed in the hands of Mr. R. B. Sharpe, of 
London, and form one of the most important ornithological 
collections yet made in that region, containing many novel- 
ties. 

The last annual report of the German North Sea Commis- 
sion contains an article by Dr. Kirchenpauer on the Polyzoa 
of the Baltic Sea, one by Dr. Kupffer on the Zwnicata,and 
one by Dr. Moebius on the minute Crustacea. 

Relation of Animals to their Surroundings. 

Mr. A. R. Wallace, in his recent address before the Section 
of Biology of the British Association, draws attention to the 
connection observed between color and locality. His first 
example is from tropical Africa, where we find two unrelated 
groups of butterflies, belonging to two very distinct families 
(Nymphalide and Papilionide), characterized by a prevailing 
blue-green color not found in any other continent. Again, 
we have a group of African Pieride which are white or pale 
yellow, with a marginal row of bead-like black spots, and in 
the same country one of the Lycenide (Liptena erastus) is 
colored so exactly like these that it was at first described as 
a species of Pieris. The resemblance did not seem due to 
protective mimicry. In South America we haye far more 
striking cases; for in the three sub-families Danaine, 
Acrenic, and Helicontine—all of which are specially pro- 
tected—we find identical tints and patterns reproduced, of- 
ten in the greatest detail, each peculiar type of coloration 
being characteristic of distinct geographical subdivisions of 
the continent. 

But it is in islands that some of the most striking exam- 
ples of the influence of locality on color occur, and this gen- 
erally in the direction of paler but sometimes of darker and 
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more brilliant hues, and often accompanied by an unusual 
increase of size. Persons who are not acquainted with these 
and many other facts adduced by Mr. Wallace would, he 
thinks, hardly realize their importance and significance. He 
therefore illustrates them by supposing parallel cases to oc- 
cur among the mammals. “ We might have, for example, in 
Africa the gnus, the elands, and the buffaloes all colored and 
marked like zebras, stripe for stripe over the whole body ex- 
actly corresponding. So the hares, marmots, and squirrels 
of Europe might be all red, with black feet, while the corre- 
sponding species of Central Asia were all yellow, with black 
heads. In North America we might have raccoons, squirrels, 
and opossums in parti-colored livery of white and black, so 
as exactly to resemble the skunk of the same country; while 
in South America they might be black, with a yellow throat- 
pateh, so as to resemble with equal closeness the tayra of 
the Brazilian forests.” 

With birds, however, the case is different, and among 
them locality exerts a marked influence. One of the most 
curious cases is that of the parrots of the West Indian Isl- 
ands and Central America, several of which have white heads 
or foreheads, occurring in two distinct genera, while none of 
the more numerous parrots of South America are so colored. 
The Andaman Islands are equally remarkable, at least six of 
the peculiar birds differing from their continental allies in 
being much lighter, and sometimes with a large quantity of 
pure white in the plumage, exactly corresponding to what 
occurs among the butterflies. In Celebes we have a swal- 
low-shrike, and a peculiar small crow, allied to the jackdaw, 
whiter than any of their allies in the surrounding islands. In 
Timor and Flores we have white-headed pigeons, and a long- 
tailed fly-catcher almost entirely white. In the small Lord 
Howe’s Island formerly lived a white rail (Votornis alba), 
remarkably contrasting with its allies in the larger islands 
of New Zealand. 

Mr. Wallace has also published an important article on 
the colors of animals, with criticisms on the theory of sex- 
ual selection. 

Dimorphism. 

In an essay entitled “ Antigeny, or Sexual Dimorphism in 
Butterflies,” published by Mr. 8. H. Scudder in the Proceed- 
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ings of the American Academy of Arts and Sciences, Boston, 
the author states that Darwin, in his work on sexual selec- 
tion, discusses the difference of coloration which frequently 
distinguishes the sexes of butterflies, and concludes that “ the 
male, as a general rule, is the most beautiful, and departs 
most from the usual type of coloring of the group to which 
the species belongs.” Mr. Scudder remarks that of the first 
proposition there is no doubt, but that in the second two dis- 
tinct elements appear to be confounded, the separation of 
which he attempts. He suggests the term antigeny, signify- 
ing opposition or diversity of the sexes, to avoid circumlocu- 
tion, for there are so many forms of sexual dimorphism that 
a compound term for the general phenomenon becomes in- 
convenient. He cites a number of cases of partial antigeny, 
and concludes that in all these cases it is the female, and 
never the male, which first departs from the normal type of 
coloring of the group to which the species belongs. Occa- 
sionally the feminine peculiarity has been transmitted to the 
male, and by this means a new type of coloration established 
in the group; but Mr. Scudder recalls no case where the 
male alone departs from the general type of coloring pecul- 

jar to the group. This is precisely the opposite conclusion 
to that which Darwin reached. 

Sexual dimorphism is not confined to coloration, but to 
structural features. The latter is always confined to the 
males, and in butterflies is mostly confined to the wings and 
the legs; occasionally it appears in the antennx, while some- 
times it affects the contour of the wings. 

Darwin supposes that the various male characteristics 
have all arisen by natural selection, one of rival males be- 
ing selected as a mate whose outward charms are greatest. 
Mr. Scudder brings forward as limiting this notion the fact 
that the males of many butterflies possess peculiar cells, 
which he calls androconia, and are of great beauty and deli- 
cacy, but are hidden among the others. In this respect the 
theory of sexual selection proposed by Darwin appears to 
fail just where it should aid us most. 

Anatomy and Physiology. 

In an account of experiments on the sense organs of in- 
sects in the American Naturalist, Mr. A. 8. Packard, Jr., 
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says that of a number of insects of all orders which were de- 
prived of their antennx, the honey-bee (worker) was more 
affected than any of the others operated upon. The remov- | 
al of the antennz in this insect seemed to show that the 
sense of hearing may reside in the antenne, while that of 
smell has its seat in the palpi (and perhaps the tongue) 
alone. It would also seem as if the antennal nerves were 
so continuous with the brain (supracesophageal ganglia) that 
they form, as it were, a part of it, their removal at a little 
distance from their origin producing such a shock to the 
ganglionic nervous system that the insect acts somewhat 
like a bird when deprived of the central hemispheres. In 
an ichneumon the sense of taste appears to be situated in 
the ends of the palpi. In the butterflies the sense of taste, 
as well as touch, is situated in the spiral tongue or maxille. 
Spiders on losing their maxillary palpi seemed to be affected 
much as insects on the loss of their antenne. 

While many of the higher insects, as grasshoppers, katy- 
dids, crickets, cicadas, and even moths produce a creaking or 
stridulating noise by rubbing one part of the body on an- 
other, it has hitherto been unsuspected that scorpions have 
the same faculty. Mr. J. Mason Wood, however, has recent- 
ly announced the discovery of stridulating organs in the 
scorpion. After noticing this, while dissecting a specimen, 
he was able to confirm it by experiments on living examples. 
By placing two large scorpions face to face on a light metal 
table and exciting them, they began to beat the air with 
their palps and simultaneously to emit sounds which were 
most distinctly audible not only to himself, but also to the 
bystanders, above the clatter made by the animals in their 
efforts to get free, and which resembled the noise produced 
by continuously scraping a piece of silk-woven fabric; or, 
better still, a stiff toothbrush with one’s finger-nails. The 
apparatus which, as in the Wygale, a large spider, is devel- 
oped on each side of the body, consists of a scraper situated 
upon the flat outer face of the basal joint of the palp-fingers, 
and of a rasp on the equally flat and produced inner face of 
the corresponding joint of the first pair of legs. On sepa- 
rating these appendages from one another, a slightly raised 
and well-defined large oval area of lighter coloration than 
the surrounding chitine was to be seen at the very base of 
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the basal joint of each. These areas constituted respective- 
ly the scraper and the rasp: the former was tolerably thickly 
but regularly beset with stout, conical sharp spinules curved 
like a tiger’s canine, only more towards the points, some of 
which terminate in a long limp hair; the latter thickly stud- 
ded with minute tubercles shaped like tops of mushrooms. 

It now remains for Mr. Wood or some one else to discover 
the ears of the scorpion; for if they can produce a sound, they 
must have ears to hear it, and none are as yet known to ex- 
ist in the Arachnida. 

In insect anatomy, an elaborate memoir on the so-called 
ventral vessel of the Lepidoptera, with observations on the 
sympathetic nerve, has been published in Hofmann’s WVie- 
derlindisches Archiv fiir Zoologie (Bd. iii., Heft 2, 1876). 
The examination of these organs was made in examples of 
all the families from the Papilionide to the Pterophoride. 
A memoir on the internal spinning apparatus of Lepidop- 

terous insects, by Helm, appears in Siebold and Kdlliker’s 
Leitschrift (vol. xxvi.). 

Dr. O. J. B. Wolff has published in the “ Nova Acta Acad. 
Natur. Curios.,” vol. xxxviil., Dresden, 1876, a memoir (illus- 
trated with eight plates) on the minute anatomy of bees, 
with reference especially to the mechanism of the mouth- 
organs and respiratory organs of the thorax and abdomen. 
An elaborate and richly illustrated memoir on the sense-ap- 

paratus of the Orthoptera, by Dr. V. Graber, appears in the 
Transactions of the Imperial Academy of Science of Vienna. 

Dr. C. Chun has studied the structure, development, and — 
physiology of the rectal glands of insects. His memoir, with 
three plates, is in the Z’ransactions of the Frankfort Scien- 
tific Society. 

Evolution. 

Among communications of theoretical interest are articles 
by Mr. W. H. Dall, “On a Provisional Hypothesis of Salta- 
tory Evolution,” and by Dr. W. K. Brooks, entitled “A Pro- 
visional Hypothesis of Pangenesis,” both published in the 
American Naturalist. 

Parthenogenesis. 

That fishes and other vertebrates have in two or three ob- 
served cases been partially developed without fecundation 
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is on record. Dr. E. L. Sturtevant, on removing (March 15} 
some eggs from a pickerel, found that some of the eggs 
“had evidently developed in the line of the fecundated egg, 
as the cells were arranged in the form of a curled fish, the 
line of the back being well defined, the line of the belly and 
sac poorly or not at all defined, while there was a concentra- 
tion of cells about the locality of the eye. I cannot say that 
I saw a young fish, for I did not, but I saw what I consider- 
ed sufficient to interpret as development to a certain degree 
without fecundation.” The account in full appears in the 
American Naturalist for August; and in a succeeding num- 
ber Professor W. Kx. Brooks gives a history of what is known 
on this subject. 

VERTEBRATES.* 

Progress in Vertebrate Zoology has been essentially sim- 
ilar to that in past ordinary years. No discovery of a start- 
ling character has been made, but the usual activity has 
been manifested in the search for and description of new 
species, in the more or less careful elaboration of small 
groups and faunas, and in anatomical studies of special 
forms. We here confine ourselves to notices of a few con- 
tributions which have a general interest, or relate to the - 
North American fauna. 

The Limits of the Branch of Vertebrates and its Classes. 

Until quite recently, and since Cuvier first established the 
“embranchement” of Vertebrates, the group so designated 
was accepted without hesitation with the limits originally 
given to it. Charles Bonaparte, the Prince of Canino, had, 
indeed, in 1856, proposed to relegate to the branch the ver- 
miform Sagitta as the representative of a peculiar class ex- 
hibiting a retrograde metamorphosis; but the suggestion 
fell still-born, and no further attention has been paid to it. 
Lately, however, there has been a disposition to modify the 
limits of the branch in opposite directions, Semper, for ex- 
ample, wished to eliminate Branchiostona (Amphiowus), or 
the class of Leptocardians, from the group, while others have 
been disposed to approximate to it the Tunicates, which for 

By Professor Theodore Gill, of Washington, D. C. 
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a long period were regarded as Mollusks. These diverse 
tendencies have been both exemplified during the past year. 

On the one hand, like Semper, Mr. Hoppe-Seyler urges the 
separation of Branchiostoma from the Vertebrates, and ex- 
presses surprise that systematic zoologists should have so 
readily associated the type with the members of that branch; 
he contends that the Cephalopods are even nearer the Ver- 
tebrates than is Dranchiostoma, and affirms that the form 
in question has nothing in common with the Vertebrates but 
the chorda dorsalis and the development of the venous sys- 
tem above it and the alimentary canal below: “It differs,” 
he says, “from the Vertebrates in having no brain, no closed 
vascular system with red blood-corpuscles, no bile-secreting 
liver, and no gelatin-yielding tissue.” In consideration of 
these deviations and the facts in the development and com- 
position of the tissues of animals generally, he arrives at the 
conclusions noted adverse to the association of Branchiosto- 
ma with the Vertebrates. On the other hand, Professor E. 
Ray Lankester, of Oxford, in “ Notes on the Embryology 
and Classification of the Animal Kingdom,” published in the 
Quarterly Journal of Microscopical Science for October, 1877 
(vol. xvii, p. 399-454), has claimed not only Lranchiostoma, 

~ but also the Tunicates, to be representatives of the Verte- 
brate branch—or “ phylum,” as he prefers to call it; and 
forms for the Tunicates, under this phylum, a “branch” 
named Urochorda, co-ordinate with two other branches— 
Cephalochorda, represented by Amphioxus, and Craniata, 
constituted by all the remaining Vertebrates. He thinks, 
like Dr. Anton Dohrn, that evolution may tend in different 
directions, and that, although on the whole it is in the direc- 
tion of progression from the low to the high, it may be, and 
in a number of cases he believes actually has been, towards 
degradation. “So strong,” says he, “is the case in favor of 
degeneration, that at present all that can be said against it 
and in favor of progression, with regard to any particular 
case, is this—that the general doctrine of evolution justifies 
us in assuming, at some period or other, a progression from 
the simplest to the most complicated grades of structure ; 
that we are warranted in assuming at least one progressive 
series leading from the monoplast to man; and that until we 
have special reason to take a different view of any particular 
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case, we are bound to make the smallest amount of assump- 
tion by assigning to the various groups of organisms the 
places which they will fit into, on the supposition that they 
do represent in reality the original progressive series. ... 
When, therefore, the hypothesis of degeneration presents it- 
self as a solution of any special morphological difficulty, we 
need have no scruples or prejudices in favor of the doctrine 
of universal progression which should prevent us from ac- 
cepting it.” Thus reasoning, he urges that the Tunicates 
are degraded Vertebrates; that their systematic relations 
with the members of that group are evidenced by the chorda 
of the larval stage; and that there has been quite a general 
tendency towards degeneration in these animals. 

Professor Lankester has further expressed his views of the 
classification of the Vertebrates, as well as other types of 
the animal kingdom, in the following condensed arrange- 
ment: 

Brancw A,.—URocHORDA. 

(1.) I. Larvalia (“'Tunicates” of genera Appendicularia 
and Howalewskyia). 

(2.) IL Saccata (“ Tunicates ” of typical form). 

Brancnu B.—Cepuarocnorpa [=Leptocardia, Haeckel]. 

(3.) I. Leptocardia [—Acrania, Haeckel]. 

Brancnu C,—Crantata [=Pachycardia, Haeckel]. 

Grade A.—Cyclostoma (Monorrhina [Haeckel]). 

(4.) I. Hyperotreta. 

(5.) II. Hyperoartia. 

Grade B.—Gnathostoma (Amphurhina [Haeckel]). 

Sub-grade A.—Heterodactyla branchiata | = Lyrifera, Gill]. 

(6.) I. Pisces (with sub-classes Selachi, NOC Ga- 
noidee, Teleostei). 

(7.) IL. Dipnoi. 

Sub-grade B.—Pentadactyla branchiata [ = Batrachopsida, 
Gill]. 7 

(8.) I. Amphibia (with sub-classes Lissamphibia [=Uro- 
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dela and Anura] and Phractamphibia [ =Laby- 
rinthodonta+ Gymnophiona)). 

Sub-grade C_— Pentadactyla lipobranchia. 

Branca A.—Monoconpytaa [=Sauropsida, Gill]. 

(9.) I. Reptilia (with sub-classes Chelonia, Lepidosau- 
ria, Pterosauria, Dicynodonta, Ornithoscelida, 
and Crocodilia. 

(10.) II. Aves. 

Branca B.—Ampuiconpy.ta [=Malleifera, Gill]. 

(11.) I. Mammalia (with three grades, viz. Cloacalia 
| = Monotremata], Marsupialia, and Placentalia, 
and with six sub-classes under Placentalia— 
viz., Edentata, Ungulata, Proboscidea, Chelo- 
phora [=Hyracoidea], Carnaria [=Carnivora 
+ Pinnipedia+Cetacea] and Discoplacentalia). 

A few remarks as to the issues involved may be in place 
here. 

It is safe now to affirm very positively that Branchiosto- 
ma has been generally, until lately at least, associated alto- 
gether too closely with the craniate Vertebrates, and that 
there can be no doubt but what the hiatus between it and 
the typical Vertebrates is greater than is that between any 
other classes of the branch. The facts remain, however, 
that morphologically Lranchiostoma is by far more readily 
comparable with the Marsipobranchiate Vertebrates than 
with any other type, and that as to most of its peculiarities 
of organization, it is not now difficult to appreciate the ho- 
mologies with the several systems in the latter: the denial 
of the title of Branchiostoma to rank among the Verte- 
brates because certain physiological functions are not car- 
ried on as in the higher Vertebrates is a denial of the now 
generally recognized dogma that physiology must not be 
allowed to interfere with morphology in our appreciation of 
the relations of living beings. We must admit that Bran- 
chiostoma is not only not a fish, but quite remote from the 
true fishes; but it certainly seems to be more nearly related 
to the Vertebrates than other animals, and, in fact, to be a 
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Vertebrate, however low its structure may be. But, we 
repeat, the divergence of Branchiostoma from the other 
Vertebrates is very great; and there can be little, if any, 
doubt that if we desire to express the degree of relationship 
of animals by taxonomic devices and in our nomenclatures, 
and accept the word “class” for groups like the Birds, on 
the one hand, and the Reptiles, on the other, we must as- 
suredly entitle Branchiostoma with class rank, and, proceed- 
ing in the same direction, even contrast it with all the other 
Vertebrates. 

As to the combination of the Tunicates with the Verte- 
brates, there may be room for more difference of opinion; 
but whatever may be the ultimate verdict, it will probably 

- be regarded by the great majority of naturalists as prema- 
ture. The classification proposed by Professor Lankester is 
rather different in other respects from that generally adopt- 
ed. Professor Lankester has for the first time differentiated 
as classes the Hyperotreta (Myxines) and Lyperoartia (Lam- 
preys), which have been usually regarded as simple orders 
of one class—the Marsipobranchiates. The differences be- 
tween the Hyperotreta and Hyperoartia, as well as those 
between the Pisces, as represented by the Polypterids, and 
the Dipnot are generally regarded, in fact, as of less system- 
atic value than those between the true Fishes and the Se- 
lachians. The groups of placental mammals called “sub- 
classes” have also for the first time been entitled such by 
Professor Lankester. Earlier names of some of the other 
groups are indicated within brackets. 

Origin and Relations of the Vertebrates. 

The questionable character of the union of the Tunicates 
with the Vertebrates in a group differentiated from and co- 
ordinate with other primary divisions of the animal king- 
dom has been indicated. A distinguished German naturalist, 
Professor Carl Semper, in the past year, has even contended 
that the relations of the Vertebrates are most intimate with 
the Articulates, and revives, but with some essential modifi- 
cations, the old view of Geoffroy St.-Hilaire, that the Artic- 
ulates are homologous with Vertebrates, reversed and pro- 
eressing with back downwards. Semper maintains that the 
Arthropod Articulates and Vertebrates are descendants from 
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a common stock, of a type to which the existing Annelids 
are the nearest relations; that the central chain and cesopha- 
geal ganglion of the Arthropods and worms correspond to 
the spinal chord and brain of the Vertebrates; and that the 
nerves proceeding from the ganglionic chain represent the 
spinal nerves. The presence in worms of a notochord, the 
mode of development of the heart, the situation of the prin- 
cipal vessels, the course of the blood, and the position of the 
segmental organs in those animals—all testify to the rela- 
tionship of the animals under consideration; but of more 
significance than all is the development: the evolution is 
doubly symmetrical in the Annelids, and thus agrees with 
that which has been observed in the Articulates and higher 
animals, and in the last are traces of that opposition of the 
cephalic and anal regions which is so characteristic of the 
Annelids. In fine, Professor Semper believes that the Anne- 
lids, Arthropods, and Vertebrates belong to one great group, 
of which the Annelids are the most generalized and the Ver- 
tebrates the most aberrant type. 

Fishes of the United States. 

The additions to the fish fauna of the United States have 
been numerous, and several of them especially noteworthy. 
The species of the fresh as well as salt waters have also been 
so far studied as to enable us to form an approximate idea 
of the wealth of our fauna. ‘The species of the eastern coast 
are not far from 500 in number; those from the western, 
so far as known, amount to nearly 400. Of the fresh-water 
species over 600 appear to be tolerably well discriminated. 

The most interesting species added to the east-coast fauna 
have been obtained from certain banks, or in moderately 

deep water at some distance from the shore-line. Among 
them are several species previously only known from the 
high north: such are the Sticheus punctatus, Humicrotremus 
spinosus, Icelus uncinatus, and Triglops Pingelii, most of which 
had been found in Greenland or equally northern waters, 
but all of which were discovered during the past summer 
off the coast of the United States at depths of from sixteen 
to ninety fathoms; others were new to science. They have 
been described by Professor Goode and Dr. Bean under the 
names Macrurus Bairdiit and Lycodes Verrillii, and one by 
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Dr. Gill as Chimera plumbea. The Macruri and Lycodes 
were previously not known to be denizens of waters near 
our coasts, and the Chimera is especially interesting as be- 
ing the representative of a sub-class not believed until now 
to have members in the Western Atlantic north of the West 
Indies. The Chimera reaches quite a large size (four or five 
feet), and has several peculiar characters. It is well to re- 
mind our readers that the deep water in which these species 
have been found approximates in temperature to that of the 
more superficial northern seas. 

Several groups of special interest to the American student 
have been reviewed and their classification revised by Pro- 
fessor Jordan. 

The Northernmost Fish. 

The northernmost fish known was found by Captain Feil- 
den during the Arctic Expedition of 1875-76, and is a Sal- 
monid of the same genus as the British chars and the com- 
mon brook trout of the Eastern United States—that is, a 
species of the genus Salvelinus. It has been called by Dr. 
Giinther Salmo arcturus. Several specimens, twelve inches 
in length or less, were obtained from Victoria Lake, in lat. 
82° 34’, and from fresh-water fiords of Floé-berg Beach, in 
lat. 82° 28’. 

Ceratodontids. 

Our readers have doubtless some ideas respecting the char- 
acteristics of the living Ceratodontids of Australia, so inter- 
esting on account of their relations to the forms that became 
extinct in the northern hemisphere after the Triassic epoch. 
The habits of some living individuals preserved in a tank 
have been the subject of observation by Mr. E. Pierson Ram- 
say: “Their chief mode of progression is by waves of the 
tail, or by paddling with the pectoral fins alone (without 
either moving their posterior pair of fins or the tail). When 
at rest on the bottom of the tank, the pectorals are placed 
at nearly right angles to the body, the posterior fins lying 
parallel to the tail. If not disturbed, they will remain in 
this position for hours, and only when stirred up think it 
necessary to use their fins and tail at all. They then lash out 
with their great strong tail, and, turning sideways, squeeze 
in between some tufts of grass. They are exceedingly eel- 
like in their motions; and when going slowly along, the 
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swaying of the great caudal fin gives them a serpentine 
course.” It is doubtful whether they ever go quite out of 
the water to graze, as has been so often reported; for they 
are too bulky to progress by their fins, and not sufficiently 
elongated to go snake or eel fashion, and they also evince 
dislike to being kept out of water for any length of time. 

The Catfishes. 

The species of catfishes occurring in our fresh waters have 
received the attention of Professor Jordan, and to him are we 
indebted for a thorough and much-needed revision. Profess- 
or Jordan adopts the group, as well as the genera, estab- 
lished by Gill, and recognizes thirty species within the United 
States. These species belong to four genera, which are, on 
the whole, very well marked. (1) The common catfishes—the 
stout-bodied and rounded or square-tailed species— belong 
to the genus Amiurus: of these there are seventeen species ; 
(2) the channel cats—slender, forked-tail species—are three 
in number, the most common and widely diffused being Jch- 
thelurus furcatus ; (3) the mud-catfish of the Ohio valley—a 
very long, depressed, and mud-colored fish—represents alone 
the genus Pelodichthys ; finally, (4) the stone-cats—distin- 
guished by an eel-like tail and flat head marked by a crucial 
depression behind —represent the genus WVoturus, of which 
there are eight species. ‘The common error that the largest 
species of the family is a channel cat has been corrected by 
Professor Jordan, and it is shown that the great catfish of 
the Mississippi valley is not an Jchthelurus, but an Amiurus, 
and the same as the Amiurus nigricans of the Great Lakes. 

Suckers. 

The sc-called “Suckers” of the American fresh waters con- 
stitute a family rich in species in the United States, but else- 
where only found (under two generic types) in Northeast- 
ern Asia. Twelve distinct genera are now known, and not 
the least interesting of them is one lately discovered by Pro- 
fessors Jordan and Braxton during a tour made through the 
Southern States in the interests especially of ichthyology. 
The newly acquired form has the usual Catastomid physiog- 
nomy, but is distinguished by a very peculiar lower jaw and 
lip. The jaw is deeply split in the middle, and thus has the 
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appearance of two lobes, one on each side, and, instead of 
being invested with a thick fleshy lip, has a sheath-like pel- 
licle. The upper lip is greatly developed, but not protrac- 
tile forwards. The form and most other characters are sim- 
ilar to those of Ptychostomus or Myxostoma. 'The species 
occurs in the Tennessee and Cumberland rivers, and is appar- 
ently not uncommon, being known to the inhabitants of the 
borders as the “ Hare-lip” or “Split-mouth Sucker.” The tech- 
nical designation Lagochila lacera has been conferred on it 
by Messrs. Jordan and Braxton. 

The Sunfishes and Black Bass. 

One of the most characteristic groups of American fishes, 
and one almost entirely confined within the limits of North 
America this side of the tropic of Cancer, is the family of 
Centrarchids, which includes the sunfish, rock bass, black 
bass, and a large number of related forms. The species of 
this family have been systematically re-examined by Profess- 
or Jordan, and fifty-six species are recognized as having tol- 
erable claims to rank as valid species. These species are dis- 
tributed among sixteen genera, grouped under three sub- 
families—viz., (1) the JWJicropterince, with the single genus, 
Micropterus ; (2) the Lepiopomine, with thirteen genera; 
and (3) the Centrarchine, with two genera, Centrarchus 
and Pomoxys. The genera richest in species are Lepiopo- 
mus and Xenotis, each of which has thirteen species. To 
these two genera and to Hupomotis belong most of the 
common sunfishes of our Eastern waters, as well as those of 
the Mississippi valley. The family is, however, poorly rep- 
resented in the streams of the Atlantic seaboard, and the 
most characteristic is the common sunfish—upomotis au- 
yeus. 'To the genus Micropterus belong the black bass (M/- 
cropterus salmoides) and the widely diffused Oswego bass 
(Micropterus pallidus). 

The Etheostomids. 

Another equally characteristic group, but less conspicuous 
in its species on account of their small size, is the family of 
Etheostomids. The species of this family have likewise been 
re-arranged by Professor Jordan, and its fifty-eight determi- 
nable species referred to eighteen genera. The species are 
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generally diffused, but they are most abundant in the streams 
of the Mississippi valley and the Southern States. They are 
small, perch-like fishes, and may even perhaps belong to that 
family. A singular variation is exemplified in the develop- 
ment of scales and of the lateral lines; while most of the spe- 
cies have the body more or less completely covered with scales 
like those of the perches, a few are nearly scaleless. In Amo- 
crypta, for example, the body is almost entirely naked, the 
scales being confined to the caudal peduncle and lateral line. 

A New North American Family. 

In a collection of fishes sent to Professor Jordan by 
Professor H. 8..Reynolds from the Little Red River, White 
County, Ark., were found two specimens of the little fish 
which Professor Jordan has considered as the representative 
of not only a new genus, but a new family, or at first a sub- 
family, of Centrarchide, whose nearest relations are to be 
found in some extinct forms recently described by Professor 
Cope. In form and external aspect it is said to have some 
resemblance to Aphredoderus, but is more compressed. The 
dorsal fin has five spines, the anal three; the ventrals are 
thoracic and normal in situation; the branchiostegals are 
five, and the membrane is broadly united across the pectoral 
region; the lateral line is absent; the pharyngeal apparatus 

-is unknown. It is suggested by Professor Jordan that the 
type is most nearly related to the Centrarchide, or perhaps 
the Cichlide. Its position must, however, of course be provis- 
ional, and it remains to be determined from the examination 
of good specimens what are the true relations. The single 
species has been named “lassoma zonata.. 

Gigantic Tortoises. 

An interesting and noteworthy peculiarity in geograph- 
ical zoology is the distribution of the gigantic species of 
land tortoises of the genus Zestudo. These are now entirely 
confined to three archipelagoes—(1) the Galapagos Islands 
westward of the coast of South America; (2) the Masca- 
rene islands Mauritius and Rodriguez; and (3) the Aldabra 
group, small islands lying northwest of Madagascar, in lat. 
9° 25'S., long. 46° 20’ E. It has long been known that these 
several archipelagoes were the abodes of large land tortoises, 
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but the numbers and distinctions of the species were involved 
in considerable doubt. With a view to settle the doubtful 
questions, Dr. Giinther, of the British Museum, availed him- 
self of the chance afforded him by considerable collections 
amassed from time to time in London, and chiefly at the 
British Museum, and has investigated the species and their 
distinctions. In a recently published richly illustrated vol- 
ume he has given the results of his final examinations. Not 
less than fifteen species have been recognized either in a 
living condition or recently exterminated ; these can be seg- 
regated into several groups coincident with their geograph- 
ical range and distinguished by characters derived from the 
shell, so that hitherto indeterminable shells in museums may 
be at least referred almost certainly to the archipelago from 
which they may have been derived, even if no other informa- 
tion can be obtained. The tortoises of the Aldabra Islands 
have a small anterior unpaired “nuchal” plate in the upper 
shell, or carapace, and a pair of anterior gular plates in the 
lower or plastron; those of the Mascarenes have no nuchal, 
and the gular is single; and those of the Galapagos are also 
destitute of the nuchal plate, but have a pair of gular ones. 
So localized are the species that each island almost has its 
own peculiar form. On the Aldabra Islands still survive at 
least three, if not four species, and from the Galapagos Islands 
five living and one extinct species have been obtained ; but all 
of the Mascarene species (five are known from their remains) - 
have become extinct, and since their discovery by the Euro- 
peans. The several groups of islands inhabited by these tor- 
toises, as will be recognized, are quite widely distant, and, in 
the case of the Galapagos, on the one hand, and the remaining 
islands, on the other, almost as widely separate as could be. 
They are all situated in the intertropical zone, but have in 
common otherwise only the negative characteristic of the 
absence of large terrestrial mammals and that of human in- 
habitants until recent times. These are doubtless the con- 
ditions which favored their development and increase. His- 
torical evidence shows that species existed on all the islands, 
and were very abundant in individuals. They were exter- 
minated in the Mascarene Islands after their settlement, and 
but for the absence of permanent settlements on the others 
would probably have entirely disappeared from the existing 
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fauna. These tortoises attained a varying size; some even 
reached a weight of nearly, if not over, 500 pounds, and had 
shells over six feet long, but most were much smaller. Liv- 
ing to a very great age and with no redoubtable enemies to 
contend with, they were found by the early visitors to the 
islands in question in great numbers. According to Leguat, 
for example (in 1691), “There are such plenty of land turtles 
in this isle [Rodriguez] that sometimes you see two or three 
thousand of them in a flock, so that you may go above a 
hundred paces on their backs.” These numbers, however, 
were soon diminished; the animals afforded savory and 
nutritive meat which formed a most agreeable variety for 
the mariner, and consequently they were taken in quantity 
and stored on shipboard for future consumption. Only the 
difficulty of access to the islands prevented their complete 
annihilation. 

The question arises, What is the significance of the occur- 
rence of these animals in such widely remote regions without 
any representatives in intermediate ones? ‘The natural- 
ists,” says Dr. Giinther, ““who maintain a common origin for 
allied species, however distant in their habitats, will have to 
assume a former continuity of land... between the Masca- 
renes and Africa, between Africa and South America, and, 
finally, between South America and the Galapagos. <A conti- 
nuity of land in this direction is more probable than one in 
the opposite hemisphere, which would extend over 210°. In- 
deed, the terrestrial and fresh-water faune of Tropical Amer- 
ica and Africa offer so many points of intimate relationship 
[see, e. g., Annual Record for 1876, p. clxvii] as very strongly 
to support such a theory. The tortoises, then, would be as- 
sumed to have been spread across the whole of this large 
area, without being able long to survive the arrival of man 
or large carnivorous animals.” In the face of any formi- 
dable enemies, great size in such animals would be disadvan- 
tageous, inasmuch as it would render them conspicuous and 
prevent them from obtaining shelter, while their defensive 
ability would not be correspondingly increased; small size 
would be advantageous in relation to their environments, 
and hence small species of the same genus have survived 
and still exist over large continental areas. 
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Birds. 

In ornithology there has been apparently an average de- 
gree of activity. Many catalogues of species of different re- 
gions and descriptions of a number of new species have been 
published, but none, so far as we are aware, of sufficient 
interest to be here particularized. The third volume of 
Sharpe’s “Catalogue of the Birds in the British Museum ;” 
parts of Gould’s great illustrated works on “The Birds of 
Asia” and “The Birds of New Guinea;” Sharpe’s edition 
of “The Birds of South Africa” by E. L. Layard; Hartlaub’s 
“ Birds of Madagascar and the Neighboring Islands” (“ Die 
Vogel Madagascars und die benachbarten Inselgruppen”’) ; 
and the first of “ A Monograph of the Bucerotide, or Family 
of the Hornbills,” by D.G. Elliot, are among the most note- 
worthy, either on account of extent or as good monographs. 

Avifauna of Madagasear. 

For many reasons one of the most interesting faunas of 
earth is that of Madagascar and the Mascarene Islands. In 
1861 Dr. Hartlanb had published a small ornithological con- 
tribution to the fauna of Madagascar; and last year he gave 
the results of his own continued studies, and embodied as 
well those of his numerous fellow-ornithologists, in a volume 
of over 400 pages. It seems that there are now known as 
inhabitants of the region in question 284 species: 220 occur 
in Madagascar and 104 are peculiar to that island; 44 are to 
be found in the Comoro Islands, about 60 in each Mauritius 
and Bourbon, and 25 in Rodriguez. ‘The individuality of 
the fauna of Madagascar,” says Dr. Hartlaub, ‘‘is so unique 
that even that of New Zealand can hardly be compared with 
it. Wallace’s attempted parallel between Madagascar and 
Africa and the Antilles and South America is, in our eyes, 
sufficiently disproved by the occurrence in the Antilles of 
Trochilidw, one of the most characteristic forms of South 
America. But in Madagascar not a single one of the genera 
most characteristic of Africa occurs. The originality of the 
fauna is much too pronounced to allow Madagascar to be 
treated of only as a ‘sub-region’ or an ‘aberrant part’ of 
the Ethiopian region.” From this conclusion (reproduced in 
Nature) Professor Newton has, however, dissented, and al- 
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though he does not “ wish that its extraordinary peculiarities 
should be undervalued,” he does “not want them to be un- 
duly magnified at the expense of those of the fauna of New 
Zealand.” 

The Wild Camel. 

Little is known of the camel in a truly untamed condition 
—that is, not in simply a feral state; but during the past 
year observations have been recorded respecting the wild 
animals occurring in Central Asia. The camel is still found 
in an aboriginal condition in the Desert of Gobi. It is two- 
humped, and, according to Mr. Harkloff, “the size is nearly 
that of the tame; but it is larger and higher on the legs. It 
is of a darker color than the tame; and the white around 
the nose is much clearer and paler. In the spring they pair, 
and the time of gestation is the same as that with the tame 
camel. The Tanguts and Kirgizes hunt the wild camel and 
eat its flesh; also they use the hair. The wild camel is said 
not to be shy, and accordingly not difficult to obtain.” Ac- 
cording to Major Tichannoff, it cannot easily, if at all, be 
tamed. The voice is not so strong as that of the tamed 
camel. 

Deer’s Antlers. 

The morphology of the antlers of the deer has been inves- 
tigated by Messrs. A. H. Garrod and Theodore Gill. Pro- 
fessor Garrod has suggested that the typical antler is com- 
posed of a primarily bifurcate beam and a brow antler spring- 
ing from its base anteriorly, and that the differences between 
the species result from the greater or less development, or 
the atrophy, of one or other of these elements. Several cases, 
however, are not explicable by this hypothesis. Professor 
Gill considers the antlers “ either as simple spikes or with a 
tendency to bifurcation, especially (but not exclusively) in 
the direction of the varying greatest or axial growth,” and 
has applied a new terminology to indicate at once the or- 
der of development and as a convenient device for descrip- 
tive zoology. (1) The simple spikes of the first year and 
their after-growths are designated protoceres; (2) the ante- 
rior offshoots of the second year deuteroceres ; and the suc- 
ceeding (3) third, (4) fourth, and (5) fifth anterior offshoots, 
respectively, (3) tritoceres, (4) tetartoceres, and (5) pemptoceres. 
The chief differences in the several genera of deer with com- 
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plex horns result from the direction of the main axis or line 
of greatest increase: in the wapiti, or American elk, as well 
as in the stag of Europe, this is along the protoceres through- 
out, while in the common Virginian and long-tailed deer it is 
procurrent subspirally into the ¢rétoceres. The Elaphure of 
China is anomalous in the excessive development of the devw- 
teroceres, or homologues of the brow-antlers of the wapiti and 
stag, and the inverse reduction of the other elements. 

The Placenta of Prosimians. 

One of the most interesting groups of mammals is that of 
the Prosimians, comprising the lemurs, the Zarsius, and the 
aye-aye, most of which are found in the great island of Mad- 
agascar. ‘The special interest arises from the fact that, in 
many points of structure, they approach the apes and man 
more than does any other form. On account of the posses- 
sion of their many common characters, the two groups of 
Apes and Prosimians have been, by most writers, combined 
under the ordinal designation of Primates, although quite a 
number of prominent naturalists have urged that the two 
should be differentiated as distinct orders. The question 
was reopened several years ago by Mr. A. Milne-Edwards, 
who examined the placentation of several species of Prosim- 
ians, and found that it differed widely from that of the Apes, 
The placentation of species of the group has still more thor- 
oughly been investigated, during the past year, by Professor 
W. Turner, of Edinburgh, who has in part confirmed and 
amplified the observations of Mr. Milne-Edwards. His ex- 
amination extended to three species—viz., Lemur rufipes, 
Propithecus diadema, and Indris brevicaudata. 
A number of prominent zoologists have combined the or- 

ders of placental mammals under groups distinguished by 
the placenta. In one type, as in Man, the uterus develops 
a decidua, and the placenta is discoidal; such are Man and 
the Apes, the Bats, the Insectivores, and the Rodents. In 
others the placenta is deciduate and zonary, as in the Car- 
nivores and the Proboscideans; and in a third the uterus 
develops no decidua whatever, as in the Ungulates and Ce- 
taceans. Until the discovery of the placentation of the Le- 
muroids, it had been very naturally assumed that they pos- 
sessed a discoidal deciduous placenta like the apes. It is 
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now satisfactorily proved, however, that no decidua is de- 
veloped, and the placenta exhibits a modification of a zonary 
form. “ Both in form and structure,” says Mr. Turner, “the 
placenta in the lemurs is without doubt a diffused placenta.” 

The question naturally arises, What is the value of the 
placental characteristics of the Prosimians? Are those ani- 
mals related most to the other forms developing a decidua, 
or to the Primates, with which they have been hitherto gen- 
erally associated, or at least approximated to? Professor 
Turner has quite judiciously treated this question; and has 
contended that in spite of the placental characters, the Pro- 
simians are closely related to the typical or ape-like Primates, 
with which they agree, or most resemble in a number of 
osteological and cerebral characters. He urges, however, that 
the two groups are entitled to ordinal value; the apes, with 
man, belonging to one (Primates), and the lemurs and related 
types to the other (Prosimians). He urges, with consider- 
able force, that the non-deciduate “ diffused placenta has the 
most simple mode of structure, and that the distribution of 
the villi over the surface of the chorion presents a closer ap- 
proximation to the primary embryonic arrangement; while 
the discoid placenta exhibits the greatest departure from the 
diffused villous chorion of the early embryo.” It is there- 
fore probable, he thinks, that the mammals with discoid de- 
ciduate placenta have diverged from those characterized by 
a non-deciduate one. He has shown, too, that the line of 
demarcation between the non-deciduate and deciduate pla- 
centiferous mammals is not so abrupt as has usually been 
supposed, but is graded over by an intermediate arrange- 
ment—‘“ the passage from the diffused placenta, in which no 
maternal tissue deciduates during parturition, to those de- 
ciduate placentz in which both the epithelial and subepi- 
thelial vascular tissue of the uterine mucosa are shed being 
effected through the cotyledonary placenta, in which the 
epithelial lining of the maternal cotyledons separates along 
with the fcetal villi.” There is, besides, considerable varia- 
tion in the relative proportions of the tissues. 
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INVERTEBRATES. 

Protozoans, Sponges, and Worms. 

“Studies among Amcebe” is the subject of an article in 
the Popular Science Review for July, by Professor P. M. 
Duncan, who describes the habits and figures of some of the 
forms of these protozoans. Of the twenty or more species de- 
scribed by German and English observers, Duncan believes 
that there are but two truly specific forms, Amaba villosa 
and Amcba princeps. 

Dr. Leidy has observed a species of infusorian, probably 
Chilomonas, existing in immense numbers on the sandy beach 
of Cape May, where they formed a thin yellowish-green film, 
coloring the surface of the sand. 
An important work on the development of the egg has 

been published by O. Biitschli, who is well known by his 
studies on the Infusoria and the lower worms, especially the 
Rotifera and the Nematode worms. As regards the process 
of conjugation among the Infusoria, Biitschli, according to a 
review of his work in Vature, thinks that it is merely a reju- 
venescence of the creatures which undergo it, enabling them 
to become “the stem ancestors of a series of generations 
which propagate by fission.” This is contrary to the view of 
Balbiani, Stein, and others, who maintain that the act of con- 
jugation so well known among the Paramecia, Vorticelle, ete., 
is the precursor of a sexual mode of generation. The review- 
ers, Messrs. Dallinger and Drysdale, disbelieve in Biitschli’s 
theory, and suggest that “what he calls rejuvenescence is one 
of the many modes by which rapidity of fissiparous multi- 
plication is in some organisms aided, and the necessity for 
the true act of fertilization is made less frequent.” 

The foraminiferous forms — shall we say varieties or spe- 
cies ?—of Barbadoes have been studied by Van den Broeck. 
His material was received from the West Indies, having been 
collected by the late Professor Agassiz. He concludes, with 
all others who have studied these exceedingly variable forms, 
“that the terms genus, species, variety, have a very different 
and broader acceptation than we usually suppose.” 
A severe critique on Dr. W. B. Carpenter’s views regard- 

ing certain groups of Foraminifera, by Dr. G. C. Wallich, 
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appears in the Annals and Magazine of Natural History for 
February. 

The fresh-water Rhizopods, a favorite subject of inquiry, 
have been studied with great care by Hertwig, Lesser, and 
Biitschli. An abstract of their works has been given by 
Mr. Archer in the Quarterly Journal of Microscopical Science, 
the third part appearing in the January number. 

Barrois finds that the sponges of the different groups 
studied by him present the same essential processes of de- 
velopment, but that these stages appear in a different order, 
and more or less modified by different circumstances, in the 
different groups. This general mode of development, or 
primitive cycle, does not seem to him to be a gastrula fixed 
like a hydra, and of which the inner layer is ramified into a 
gastro-vascular system, as Haeckel supposes, but a compact 
mass composed of two layers, the exterior representing the 
exoderm, the interior the union of an internal and middle 
leaf. From the middle layer arise the spicules. The oval 
gastrula becomes fixed by its posterior end, and then be- 
comes flattened and irregular in form; cavities then appear 
in the endoderm, or innermost layer, which are lined with 
the peculiar ciliated cells found in sponges; and the oscules 
then appear, by which water enters and bathes the cavities 
within. These observations of M. Barrois do not seem to 
sustain Haeckel’s views as to the relationship of the sponges 
to the polypes, with which he unites them. 

While Mr. Carter continues, in the Annals and Magazine 
of Natural History, his papers on sponges, a memoir by Pro- 
fessor Haeckel forms the second number of his “Studies on the 
Gastrea Theory.” It contains, however, besides considerable 
theoretical matter, many new facts regarding certain simple 
sponges called Haliphysema and Gastrophysema. 'They are 
so simple in organization as to bear considerable resemblance 
to the gastrula form of sponges, which, it may be remem- 
bered, consists of a two-layered hollow sac. It is illustrated 
by six well-drawn plates. 

The commercial sponges of our southern coast have been 
described and figured by Professor Hyatt in a lengthy mem- 
oir published by the Boston Society of Natural History, in 
which he describes the mode of fishing for them, as well 
as the manner in which they are prepared for the market. 
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Hyatt also discusses the influence of the nature of the sea- 
bottom and the temperature of the water on variations of 
forms and their distribution. He claims that these animals 
are directly modified by changes in the physical surround- 
ings, and he cannot imagine the intervention of natural se- 
lection, since “the uniform action of a given temperature, 
depth, amount of sediment, sheltered locality, etc., have 
a corresponding uniformity in results, and are sufficient 
in themselves to account for the general modifications de- 
scribed.” 
A number of new Caribbean sponges are described in the 

Annals and Magazine of Natural History by Thomas Higgin. 
Certain minute parasitic worm-like organisms, called Dicy- 

ema and Dicyemella, which live in the liquid bathing the 
spongy bodies (perhaps renal organs) of cuttle-fishes, have 
been studied in all their phases of development by a Belgian 
naturalist, E. Van Beneden, who concludes that they form 
the type of a new sub-kingdom of animals, which he calls 
Mesozoa. 

It appears that tape-worms may occur abundantly in the 
intestines of rabbits, as stated by Mr. G. J. Romanes in 
Nature. This is an unexpected fact, since the rabbit is 
purely an herbivorous animal. The fact is explained by Mr. 
kh. D. Turner in a letter to Wature (February 15), who says: 
“T would suggest that the tape-worm referred to by Mr. 
G. J. Romanes is like the Bothriocephalus of man, perhaps 2 
species of the same genus. ‘This is not supposed to have a 
cystic state, but to be developed from a ciliated embryo 
taken into the system in raw or badly cooked vegetables 
which have been watered by sewage from cesspools, in 
which the eggs will remain alive for months. In the same 
way the eggs of the rabbit’s tape-worm probably remain in 
the animal’s droppings till set free in rain as ciliated em- 
bryos. As the rabbit feeds on the vegetation watered* by 
such rain, there is no difficulty in understanding how the 
embryos would reach his alimentary canal.” 

Some of the fluke-worms (Distoma, ete.) of Scandinavia are 
described and figured by Olsson in the Z'vansactions of the 
Swedish Academy. 

The classification of the lower worms, especially the flat 
worms, forms the subject of two elaborate papers by Mr. 
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C.S. Minot. He finds that these worms (7Zurbellaria) are 
much more highly organized than is usually supposed. It 
has been frequently stated that some or all parts of these 
worms are formed by a protoplasmic substance, and not of 
cells, and a relationship with the Infusoria has therefore 
been supposed to exist. Minot finds, however, that all the 
tissues in the forms he studied are composed of cells, as had 
been stated previously by several observers. Minot finds 
that the parenchym, which about a year ago was not sup- 
posed to be cellular, is, in the twenty different species he 
studied, “mainly composed of ramified stellate cells, whose 
processes intertwine and unite adjacent cells.” These worms 
are hermaphroditic, and Minot describes the egg-food stock 
or yolk-gland which he has discovered in the flat worms. 
This gland “produces cells, which remain alive, and pass 
down a separate duct that ultimately joins the oviduct. 
The cells are then thrown together with an ege-cell, and 
the whole cluster of cells is covered over by a shell... . 
The egg as laid consists of the egg proper and the food-cells 
which are used up to nourish the egg as it grows. This 
curious economy is unknown outside of the Plathelminths.” 
Minot unites the Trematode (flukes) and Cestode worms 
(tape- worms) into one group, under the name of Vagi- 
niferce. In its more extended form the paper is published, 
with five excellent plates, in Semper’s “Arbeiten aus dem 
Zoologisch-Zootomischen Institut in Wiirzburg,” an abstract 
appearing in the Proceedings of the Boston Society of Natu- 
ral History. 

The anatomy of a singular worm (Phascolion strombi) is 
figured and described by Théel in the Swedish Ziransac- 
tions. 

Mr. H. N. Moseley, naturalist on board the Challenger dur- 
ing her three years’ cruise, has given an account of two new 
and remarkable species of deep-sea Ascidians. One of them, 
Hybythius calycodes, was brought up from the North Pacific 
from a depth of 2900 fathoms. It is stalked and cup-shaped, 
and is believed to be allied to Boltenia. It differs from that 
genus, however, in possessing a series of cartilaginous plates 
symmetrically developed in the soft test. The second species, 
Octanemus bythius, was brought up from a depth of 1070 
fathoms. It is star-shaped, with eight rays. The gill sac is 
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nearly absent in it, and the usual gill net-work entirely so. 
Muscular prolongations of the tunic run into the curious 
conical protuberances of the test. The nucleus is contracted 
and small, like that of Salpa. This singular species is be- 
lieved to be without living allies, 

Professor Semper has published an interesting volume 
upon the supposed homologies in the structure of articu- 
lated animals and vertebrates. 

Echinoderms. 

Among recent contributions to the developmental history 
of animals is a paper on the development of a sea-cucumber 
(Cucumaria doliolum). After fecundation the nucleus di- 
minishes, and becomes a mere drop of protoplasm, inside 
which a germinal speck appears in an hour or two. The 
segmentation of the yolk goes on until two hundred and fifty 
cylindrical flagellate cells are formed. After the formation 
of the single-layered blastoderm, the embryo breaks through 
the egg-skin, and swims freely by means of its ciliated mem- 
brane. As the flagella gradually disappear, its activity is 
reduced to a backward and forward motion; and when the 
tentacles are protruded, it sinks to the ground, and moves 
only by crawling. 

Important papers on the anatomy of the sea stars and 
urchins have been published by R. Teuscher in the Jena 
Zeitschrift, illustrated by excellent plates. The last num- 
ber contains a useful véswmé of his researches on the circu- 
latory, water, and nervous systems, and on the integument. 
Dr. Carpenter has studied the structure of the Comatula 
star-fish, with a note on the nervous system and muscles of 
the sea-urchins. 

Professor Loven, of Stockholm, has published in the Z7rans- 
actions of the Swedish Academy an elaborate work, in quar- 
to, on the Sea-urchins (Echinoids), which is illustrated by an 
atlas of fifty-three plates. The work is mostly taken up with 
an account of the hard parts forming the shell of the Hehi- 
nus, but also contains an account of certain bodies called 
spheridia, and an elaborate drawing and explanation of the 
nervous and water- vascular systems of Lrissopsis lyrifera, 
greatly advancing our knowledge of the anatomy of these 
animals. 

oe vol 
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Mollusks. 

In a recent lecture on the forms of passage between the 
Annelids and Mollusks, Professor Perrier seems to adopt the 
idea, already suggested by two or three naturalists, that the 
Mollusks are in reality, to use Perrier’s own words, “ worms 
condensed into two or three segments.” Is this the begin- 
ning of the end, and are we finally to regard the Mollusks as 
originally descended from worm-like forms, and therefore as 
not forming a distinct sub-kingdom of animals ? 

The anatomy of the common mussel (Mytilus edulis) is 
elaborately treated by A. Sabatier in the Annales des Scien- 
ces Naturelles. The essay fills 132 pages, and is illustrated 
by nine folding plates. 

In an essay on the Pliocene fresh-water shells of Southern 
Austria, by Dr. Neumayr and Herr Paul, the authors describe 
numerous modifications of the genus Vivipara, or Paludina, 
which occur in prodigious abundance throughout the whole 
series of fresh-water strata. Of this genus there are forty 
distinct forms (Dr. Neumayr very properly hesitates to call 
them all species), which are named and described in this mon- 
ograph, and between which, as the authors show, many con- 
necting links, clearly illustrating the mode of derivation of 
the newer from the older types, have been detected. The 
authors, remarks Mr. J. W. Judd, in Wature, have demon- 
strated that the species with highly complicated ornamenta- 
tion were variously derived by descent—the lines of which 
are in most cases perfectly clear and obvious—from the sim- 
ple and unornamented Vivipara achatinoides of the Con- 

gerien-Schichten, which underlies the Paludina beds. Some 
of these forms have been regarded as types of a distinct 
genus (Zulotoma) by Sandberger. “ And hence we are led 
to the conclusion that a vast number of forms certainly ex- 
hibiting specific distinctions, and, according to some natural- 
ists, differences even entitled to be regarded as of generic 
value, have all a common ancestry.” 

Dr. J. W. Dawson writes to Watwre that he has found at 
the South Joggins coal-mines, in Nova Scotia, a number of 
well-preserved shells of Pupa vetusta, the oldest of land 
shells. It appears that this little shell is found at the bot- 
tom and top of beds 2000 feet in thickness, including many 
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beds of coal, and nearly the whole thickness of the pro- 
ductive coal measures. Conlus priscus, the only other land 
snail found in this section, on the other hand, occurs only, so 
far as known, in the lowest of the beds above mentioned. 
Two other Carboniferous shells, Pupa vermilionensis and 
Dawsonella Meeki of Bradley, have been found in the coal- 
beds of Illinois. All these forms belong to generic or sub- 
generic types still represented in America. 
A list of the fresh-water and land shells of Alabama by 

Dr. James Lewis appears in Dr, E. A. Smith’s report on the 
geology of Alabama for 1876. This state is remarkably rich 
in Unionide and Melanians. 

Crustaceans. 

We had occasion only a short time ago to notice an elab- 
orate work by Professor Weismann on the theory of descent, 
and now comes an octavo of nearly two hundred pages on 
the natural history of the Daphnia and its allies, the “ water- 
fleas,” so common in fresh-water pools. One chapter is on 
the formation of the egg in the Daphnoids, another on the 
dependence of the embryonal development on the germinal 
fluid of the mother; while the last is on the influence of con- 

ception on the production of winter eggs. As a contribution 
to the physiology of reproduction, the essay is of a high 
order of merit. 

Researches on the mode of respiration in certain crabs, by 
M. Jobert, and a note on two new species of Crustacea from 
New Zealand, by A. Milne- Edwards, appear in the Anzales 
des Sciences Naturelles. 

An eyeless crustacean (NMiphargus puteanus) inhabiting 
the Swiss lakes has been minutely described by M. Humbert, 
who believes it to be an ancient genus, descending from a 
form which is now extinct, thus corresponding with Proteus, 
Anophthalmus, and other cave animals. He says, if we sup- 
pose that the genus Wiphargus appeared before the ice pe- 
riod, it is impossible to say anything with regard to its place 
of origin; but he believes that it has really originated from 
forms inhabiting subterranean waters, and which became 
acclimatized at depths where they found the darkness sufb- 
ciently intense. The lake species, he thinks, are living un- 
der greater disadvantages than the cave species, and are 
suffering, as it were, from atrophy. 
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In a late memoir on the fauna of water deprived of light, 
M. Ph. de Rougemont, in his studies on the crustaceans Gam- 
marus puteanus and Asellus Sieboldii, also the snail Hydro- 
bius, brings out the fact of the excessive development of the 
organs of smell in these animals, in which the eye is either 
absent or very rudimentary. 

The external anatomy ofa shelled phyllopod (Estheria cal- 
ifornica Pack.) forms the subject of an essay by Dr. H. Lenz. 
A number of new North American phyllopod crustaceans are 
described by Packard in Hayden’s Bulletin of the United 
States Geological Survey (Vol. III., No.1). It appears that 
the genus Lepidurus is better represented in Western and 
Arctic North America than in any other part of the world 
so far as known, there being two Western American and one 
Arctic American species. No species of Apus or Lepidurus 
occurs east of the Mississippi valley, and all these phyllo- 
pods occur mostly in the Western States. Several new en- 
tomostracous crustaceans from Colorado are described by 
Mr. V. T. Chambers in the same Bulletin. 

The crustacean fauna of Lake Titicaca itself is very 
meagre. Except a species of Cypris, all the specimens col- 
lected belong to one amphipodous genus, Adlorchestes, which 
had hitherto afforded but one or two authentic fresh-water 
species, ranging from Maine to Oregon and the Strait of 
Magellan. Seven new species are described in this paper 
from Lake Titicaca. Several are remarkable for their abnor- 
mally developed epimeral and tergal spines. Some are also 
noteworthy as comparatively deep-water forms of a family 
commonly regarded as pre-eminently littoral. Some of the 
Species occurred as far down as 68 fathoms, the greatest 
depth of the lake being 154 fathoms. The marine species 
usually inhabit the shore above low-water mark, and the 
previously described fresh-water species are found in the 
shallow water of brooks, pools, or edges of lakes. No strict- 
ly fresh-water Orchestide, the family to which these Crusta- 
cea belong, have been reported from the Eastern continent, 
although a few terrestrial forms are described, says Mr. 
Faxon, as inhabiting moist soil away from the sea. 

The fresh-water Crustacea of Illinois have been enumerated 
and new forms described by Mr. 8. A. Forbes in the Bulletin 
of the Illinois Museum of Natural History, No.1. A num- 
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ber of new crayfish are described, and it would seem as if 
there were no limit to the number of species of this genus. 
The same journal contains a list of the grasshoppers of II- 
linois by Professor Cyrus Thomas, and a partial catalogue 
of the fishes of Illinois by E. W. Nelson. 

Insects. 

A notable paper, entitled “ History of Phyciedes Tharos, 
a Polymorphic Butterfly,” by W. H. Edwards, appears in 
the Canadian Entomologist. He finds that there are four 
generations of this butterfly at Coalburg, W. Va., the first of 
which is marcia and the second and third tharos, and none 
of the larve from these have so far been found to hiber- 
nate; and the fourth, under exceptional circumstances, has 
produced some tharos and more marcia the same season, 
a large proportion of the larvz also hibernating. In the 
Catskill Mountains there are two generations annually, the 
first of which is marcia, or the winter form, and the other is 
the summer form. Mr. Edwards adds that, in a high lati- 
tude or at a high altitude, we might expect to find this but- 
terfly with a single brood, and restricted probably to the 
winter form, marcia. And this is precisely what does occur 
in the island of Anticosti (about latitude 50°) and on the 
southern coast of Labrador opposite, tharos being the more 
northern form. All these varieties are produced, according 
to Mr. Edwards, by changes in climate or temperature. We 
would add that in this and similar cases studied by Weis- 
mann, we see species produced by causes easily understood 
and measured by the ordinary naturalist, and that phase of 
evolution called “natural selection” does not enter into the 
matter at all as a vera causa; and we doubt not that Dar- 
Winism, as such, has been much overestimated as a factor in 
producing species—a dogma being mistaken for a genuine 
cause. 

The annual report of Hayden’s United States Geological 
and Geographical Survey of the Territories for 1875 contains 
a report of over two hundred pages, by A. 8. Packard, Jr., on 
the Rocky Mountain locust and other insects either now or 
likely soon to be destructive in the extreme Western States 
and Territories, The report is fully illustrated, and con- 
tains maps showing the distribution of the locust, Hessian 
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fly, wheat-midge, chinch-bug, army-worm of the North, the 
cotton army-worm, and the boll-worm. 

In the American Naturalist for July there is a critical no- 
tice of a work in Russian, by Ganin, on the metamorphosis 
of insects. The review has been prepared by Baron R. von 
Osten-Sacken. 

Some attention has been lately paid to stridulation, or the 
production of sound, in butterflies. Mr. A. H. Swinton finds 
that the costal vein of Ageronia feronia, a Brazilian butter- 
fly, is bare, smooth, and elevated, which, when the wings are 
spread, is received into a concavity which is in every way 
suited to act as a clasp, and is sonorous when the wings are 
moved, while the whole apparatus represents the bristle and 
catch that lock the wings of the moths. Vanessa antiopa 
also stridulates. Mr. Swinton describes in the May number 
of the Entomologist’s Monthly Magazine the various kinds 
of apparatus in the moths, situated for the most part on the 
sides of the thorax, while some are said by Westwood to 
possess musical organs in the abdomen. 

Mr. M‘Lachlan, in alluding to the Lepidoptera brought 
home by the Arctic Expedition, says that the larve of most 
of these species must of necessity require more than one sea- 
son to acquire their full growth, for the short, fitful summer 
was utterly inadequate for the full development of most of 
the species; and, furthermore, it was probable that the pupa 
state might habitually last several years. 

Professor Westwood has noticed the habit, exceptional in 
the family Stylopide, of living as a parasite on a homopter- 
ous insect. 
An important paper by Professor Plateau on the phenom- 

ena of digestion in the harvestmen (Phalangiwm) brings out 

the fact that the so-called liver of these animals, as well as 

of spiders and Crustacea, is nothing else than the organ of 

secretion of a digestive fluid intended for the emulsionizing 

of grease and the dissolving of albuminoid substances. 

Professor Perez has studied the vitellogene cells of the 

ovaries of insects which give nourishment to the true egg 

cells of insects, as in certain Crustacea (Tevue Scientifique, 

p. 1001). 
A new cave fauna, entirely distinct from that inhabiting 

Mammoth and other caverns in Kentucky, Indiana, and Vir- 
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ginia, has been discovered by Dr. Packard on the shores of 
the Great Salt Lake. The different species of animals (a 
helix, myriopod, harvestman, and poduran) inhabiting the 
cave are described in Hayden’s Bulletin. 

Professor C. V. Riley’s ninth report on the injurious insects 
of Missouri contains new and fresh information regarding the 
Western locust, the Colorado potato beetle, with maps illus- 
trating their extension East. Other injurious insects are 
more or less fully treated. 
A work of a very high degree of interest to philosophic 

naturalists is Professor Weismann’s “Studies on the Theory 
of Descent” (“Studien zur Descendenz-Theorie’’), of which the 
second part has just appeared. It is divided into four sec- 
tions, with the following subjects: “The Origin of the Mark- 
ings of Caterpillars;” “ On the Phyletic Parallelism in Meta- 
morphic Species ;” ‘On the Transformation of the Mexican 
Axolotl into an Amblystoma;” “On the Mechanical Concep- 
tion of Nature.” In the last chapter, which will interest 
thinkers, the author, while stating his belief that evolution 
has been accomplished mechanically, claims that this view 
of nature neither leads to materialism nor excludes teleol- 
ogy. 

In a recent essay on the origin of insects, Dr. Mayer, of 
Jena, suggests that the ancestor of the insects was winged. 
This view is opposed by Dr. Packard, who publishes a re- 
view of Mayev’s essay in the American Naturalist for No- 
vember, in which he maintains, with other writers on this 
subject, that they must have originated from larval forms, 
and claims priority for certain conclusions proposed as novel 
by Dr. Mayer. 

In a recent work on the morphology of the tracheal or 
respiratory system of insects, Dr. J. A. Palmen arrives at the 
conclusion that the primitive number of pairs of spiracles, or 
breathing-holes, in insects is eleven, thus agreeing with the 
views previously expressed by Packard in a brief essay pub- 
lished on the same subject in 1873. Palmen’s work comprises 
one hundred and fifty pages, and is quite exhaustive. He be- 
lieves that the tracheal system was at first, in its primitive 
form, open—. é., consisting of a series of tubes connecting by 
spiracles or holes with the outer world. In certain aquatic 
insects the system became closed, the larva breathing by ex- 



ZOOLOGY. dll 

ternal gill-like appendages. As to the origin of the trachee, 
Biitschli (1870) believed that their mode of origin was the 
same as the silk-glands, and that the two sets of organs were 
homologues, and that they were derived primitively from 
the segmental organs of worms, which are arranged in pairs 
along the body of the latter animals. In 1873, Packard sug- 
gested that the air-tubes may have originated independently 
within the body, and afterwards formed a connection with 
minute pores leading through the skin. In 1874, Semper ex- 
pressed the same views as those of Biitschli, which in the 
year after were accepted by Mayer. Moseley regarded them 
in 1874 as dermal glands modified. Packard then suggest- 
ed that the tracheal system might be derived from the water 
vascular system of certain low worms; while, in a late pa- 
per on the development of the Lepidoptera, Hatschek con- 
ceives that the air-tubes are derived from respiratory por- 
tions of the skin much enlarged. Finally, Palmen appears 
to adopt the view that the trachez may have originated 
from the segmental organs of the jointed worms, which in 
turn originated from the dermal excretory glands of the 
lower unjointed worms. This shows how conjectural is our 
knowledge of the origin of these interesting organs. He 
conceives that the excretory function of the primitive lung- 
sac was afterwards replaced by an absorbing function, and 
the sac or tube became a respiratory organ—viz., a trachea, 
which (at first simple and sac-like, due originally to an in- 
pushing of the skin) became longer and branched, until it 
assumed the present form. With this view we should not 
be disposed to find fault as a provisional hypothesis. 

Sir John Lubbock, in a fourth communication to the Lin- 
nzan Society (reported in Vuture) on the habits of bees and 
wasps, illustrated by ingenious experiments his modus ope- 
randi of testing their faculties, dispositions, habits, ete., by 
something of a double F apparatus, whereby an interval of 
three tenths of an inch, either by a drop from above or reach- 
ing upwards the distance from below, alone prevented ants 
from gaining access to a covered glass all filled with larvee. 
They evidently had not the acumen to surmount the three 
tenths of open space, although they had for hours before been 
traversing the route and carrying off larve previous to the 
small gap being made. Industry was conspicuously shown 
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by one specimen, which Sir John used to place in solitary 
confinement in a bottle for hours, and once for days; but the 
moment released it commenced its laborious larvee-gathering 
propensities. It seems, from other experiments, that ants in 
difficulties within sight of their companions are by no means 
always assisted or relieved; other attractions, food and such 
like, possessing greater interest for them. On putting some 
specimens under the influence of chloroform, little or no no- 
tice was taken of those insensible by their companions, the 
tendency apparently being to let friends lie, and throw over 
the edge of the board strangers thus chloroformed. It seems 
that to get ants properly intoxicated with spirit for experi- 
mental purposes is no easy matter, some recovering too 
quickly and others remaining so thoroughly dead-drunk as 
to come under the rank of impracticables; while between 
reeling friends and strangers the experimenter finds himself 
baffled. The sober ants are exceedingly puzzled at finding 
their friends in such a condition. As a general rule, they 
picked up drunken friends and carried them to the nest, 
while they threw into the water and drowned strangers. 
In some instances confusion arose, for a few of the strangers 
were carried to the nest and friends tumbled into the water; 
but they did not return to the rescue of the friends, though 
strangers were afterwards expelled from the nest. Sir John 
expresses surprise that ants of one nest perfectly well know 
each other. Even after a year’s separation old companions 
are recognized and amicably received; whereas strangers, 
particularly among the Lasius flavus, are almost invariably 
attacked and maltreated, even when introduced in the mixed 
company of old friends. Sight cannot be acute. For exam- 
ple: in experiments food was placed on a glass slip a few 
inches from the nest, the straight road to and from the nest 
being soon familiar to the ants; but when the food had been 
shifted only a short distance from its first position, it was 
long ere it was discovered. Indeed, they wandered from a 
few minutes to half an hour in the most extraordinary cir- 
cuitous routes before finding out the direct road between the 
nest and food, and vice versa. Slavery in certain genera is 
a positive institution—the Amazon ants (Polyergus rufescens) 
absolutely requiring slave assistants to clean, to dress, and to 
feed them, else they will rather die than help themselves, 
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though food be close at hand. A curious blind wood-louse 
(Platyarthrus Hoffmanseggii) is allowed house-room by the 
ants. It acts as a kind of scavenger, the ants taking little 
notice of the wood-lice, and even migrating, leaving them be- 
hind. Some new species of Diptera, of the family Phoride, 
he finds to be parasitic on our honse-ants, and Mr. Verral 
has recently described these interesting forms. 

Herr Donhoff has been experimenting on the flight of bees, 
He took some bees from the hive just as they came out of 
the entrance hole, and placed them under a glass bell, at a 
temperature of 66° Fahr. First they ran hastily up and 
down the sides of the glass and flew about in the jar. Later 
on their movements became less hasty, and after forty-five 
minutes they all sat quietly together, moved slowly and 
clumsily. They were no longer able to fly about. He let a 
few crawl upon a pencil, and, by giving it a jerk, threw them 
into the air. They fell down perpendicularly, without giv- 
ing a humming sound—z. e., without moving their wings, 
He killed and opened one or two, and found their honey- 
bags empty. To the others he then gave a solution of sugar, 
and after they had fed for about three and a half or four 
minutes he again threw some into the air. They no longer 
fell down perpendicularly, but a little farther off, and also 
moved their wings. A minute afterwards they did not fall 
down at all, but flew to the window. They had become the 
same lively insects as before. If the temperature be under 
66° Fahr., they lose the power of flying even sooner, and a 
longer period elapses before it returns after they are fed on 
sugar-water. In higher temperatures the power returns 

sooner. Herr Donhoff thinks it probable “that the bee 
loses the power of flying because it does not possess the 
necessary strength to be converted into muscular action,and 
that this strength returns to its system because in sugar it 
finds the necessary vital support.” 

The long-expected work of Dr. Saussure, of Geneva, on 
American wasps has been published by the Smithsonian In- 
stitution. It refers exclusively to the solitary species of 
North America, including Mexico and the Antilles. Little 
is said of the interesting habits of these wasps, the work be- 
ing confined to their classification. In speaking, however, 
of the mode of nidification of the genus Wontezumia, he re- 
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marks that the “umenes establish for their offspring sepa- 
rate and distinct cells formed of earth. The Zethus build 
their nests composed of aggregated cellules, established com- 
monly in vegetable matters, and fixed upon little branches 
of trees. The Odynerus nidificate in holes in walls, in the 
stems of plants, ete. The Montezumia, finally, construct 
their houses of many rooms, a little like those of Zethus, but 
very much more massively built—of earth—and stuck 
against walls or rocks, as are those of the Sphegides and 
some of the mason bees.” 

The Demodex folliculorum is a worm-shaped minute mite, 
which lives in the sebaceous and hair-follicles of the skin in 
man and some mammals, M.Mégnin has lately published 
a full account of it. It is said to be viviparous, the fe- 
male producing small footless contractile larvee, without any 
mouth organs, which shortly after their birth acquire three 
pairs of short wart-like feet. After a change of skin a fourth 
pair of legs appear, as well as traces of a beak. After a sec- 
ond change the perfect Demodex is produced, but still with- 
out the sexual organs, which appear later. Méenin distin- 
guishes three if not four forms of these parasites, which, 
however, he prefers to regard for the present as varieties of 
a single species —Demodex folliculorum. The commonest 
of these appears to be that of the dog (var. caninus), which 
inhabits the hair-follicles of all parts of the body of that ani- 
mal; a smaller variety (J. cat’) is found almost solely in the 
sebaceous glands of the ear of the cat; and a larger one (var. 
hominis) in the follicles of the human face. M. Simon also 
met with similar parasites in the glands of the margin of the 
eyelids in sheep (var. ovis); but no other writer has ever 
seen them there. In the dog the presence of these parasites, 
which occur in great numbers together in the hair-follicles, 
produces a regular skin-disease or mange; but this does not 
appear to be transmissible to the human subject. 

M. Méenin has studied certain mites (Avytodites glaber 
Méegnin) which live in the air-sacs and cellular tissue of 
birds. They are of two kinds, one of perfect form (Sarcop- 
tes cisticola), the others vermiform, which are the pupz of an 
external mite (Pterolichus falcigerus Mégnin). The subcu- 
taneous life of this form tends to preserve the species from 
complete annihilation resulting from the casting of the feath- 
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ers between the quills on which the normal form of this mite 
lives. 

The mites and spiders of Kerguelen Land have been de- 
scribed and figured by Rey. O. P. Cambridge in the Proceed- 
ings of the Zoological Society of London. A new “ order” 
is proposed for a certain mite, but it is doubtful whether it 
is the type of a higher division than a family. 

The recent work of Mr. Andrew Murray on “Economie 
Entomology” is devoted to the wingless insects, and mainly 
to mites. It is a most useful book and very fully illustrated. 
In treating of the cheese-mite, or Zyroglyphus siro of Lin- 
neus, it says: “It is usual to hear the flour- and the cheese- 
mite spoken of by naturalists, described in books, and mount- 
ed by microscopists as two different and distinct species; 
but they are not so. It was Linneus who commenced the 
blunder by judging from the two different kinds of food, in- 
stead of trom the mites themselves, and describing those 
which he found on cheese as the cheese-mite (Acarus siro), 
those on flour as the flour-mite (Acarus farine), and those in 
milk as the milk-mite (Acarus lactis). It has also received 
other names.” It was the cause of an attack of dysentery 
in Rolander, a student of Linnzeus. The disease, however, 
quickly yielded to the usual remedies; but again returned. 
Linneeus, aware that Barthélemy had attributed the dysen- 
tery to insects, which he professed to have seen, advised his 
pupil to examine his feeces. “ Rolander, following this ad- 
vice, discovered in them innumerable animaleules, which, 
upon close examination, proved to be mites. It was next a 
question how he alone came to be singled out by them; and 
thus he accounted for it. It was his habit not to drink at 
his meals; but in the night, growing thirsty, he often sipped 
some liquid out of a vessel made of juniper wood. Inspect- 
ing this very narrowly, he observed, in the chinks between 
the ribs, a white line, which, when viewed under a lens, he 
found to consist of innumerable mites precisely the same 
With those that he had voided. Various experiments were 
tried with them, and a preparation of rhubarb was found to 
destroy them most effectually. He afterwards discovered 
them in vessels containing acids, and often under the bung 
of casks. In the instance here recorded, the dysentery or 
diarrhea was thus apparently produced by a species of mite, 
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which Linneus thence called Acarus dysenterie.” Among 
the most singular of all mites are those which live under the 
skin and on the superficial veins of certain birds. They are, 
as would naturally be supposed, quite low in their organiza- 
tion. One species lives in the air-cells under the skin of the 
solan goose, another lives in the bronchial tubes of the com- 
mon swift of Europe, and another in the air-tubes and lungs 
of the butcher-bird, another (dZypoderas lineatus) in the fat- 
ty masses which lie in the arm-pit on the outer margin of the 
pectoral muscle. //ypoderas columbe is a small maggot-like 
animal, distinctly visible to the naked eye, and lives in the 
connective tissue of the skin, on the large veins near the 
heart, and on the surface of the pericardium of the pigeon. 
This and allied forms are figured by Mr. Murray. , 

Dr. Forel has described the habits of a poisonous spider 
(Chiracanthiun. nutrix of Walkenaer) which lives in the 
hedges of Switzerland in the autumn. The female spins a 
very fine and dense silken cocoon as large as a hen’s egg, but 
more or less spherical. It is in this hermetically closed case 
that the spider places her packet of eggs. Ifa cut be made 
in the cocoon, the spider shows her head, opens her large 
mandibles, and death awaits those that suffer themselves to 
be bitten. Ifa living fly be offered to it, it falls dead at the 
first bite. When the spider has bitten once or twice, its poi- 
son, contained in its hollow mandibles, becomes diminished 
in quantity and less deathly. When it bites a rather large 
insect, the latter becomes stupefied a few minutes and then 
entirely recovers. Several years ago Dr. Forel was bitten in 
the finger by a female. He felt. a violent pain in the hand 
and arm as high up as the elbow. For at least a minute af- 
ter he felt sick, a cold sweat passed over him, and a friend, 
who was with him, held him up by the arm and led him into 
the house. There was no swelling. The general malaise 
and pain in the arm soon dissipated, but the bitten place re- 
mained painful for several days. It is a peculiarity of this 
poison that its effect is sudden and deadly, and of short dura- 
tion, both in man and in insects. The male wanders near the 
nest of the female. It is smaller, slenderer, and its jaws are 
feebler, It is also poisonous, though less so than the female. 
“T have been twice bitten by it. The pain is severe, but 
local and transitory. One day I placed a female in the web 
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of a large spider of another species. The latter immediately 
threw itself upon the other, enveloped it with threads, and 
began to feed upon it, when the poisonous species, disengag- 
ing its jaws, bit one of the feet of its victor. Immediately it 
let go and ran away, holding up its bitten leg, which seemed 
to be paralyzed, and, rubbing it against the threads of its 
web, in an instant detached it from its body. The large spi- 
der, consciously or not, resolved to save its life by amputat- 
ing its leg. It remained quiet for a while near its web, and 
then went into it with one leg less. During this time the 
poisonous spider had extricated herself from the web and 
ran awey. I then threw it back into the web. The other 
spider darted upon it and again swathed it in silk; but, 
more prudent this time, it devoured it without being bit- 
ten.” This is the first account we have happened to meet 
with of truly venomous spiders, which probably are not so 
common as is usually supposed. In the Southern States is 
a species of Latrodectes, a large black spider, with a large 
globular abdomen, which is known to be poisonous and is 
allied to a venomous species inhabiting Southern Europe. 

In 4 recent paper on the digestive organs of the harvest- 
men, or Phalangids, Professor Felix Plateau, the eminent 
Belgian physiologist, claims that the so-called liver of spi- 
ders, as well as of Crustacea, is not a true liver, but that its 
oftice is the secretion of the principal digestive fluid. 

The harvestmen (Lhalangide) of Europe and Western 
Asia have been revised by Professor T. Thorell in a paper 
published at Genoa. The paper is of much use to American 
students, as certain of the genera are represented in this 
country, particularly in caverns. In this connection we may 
add that M. Simon, of Paris, has published a list of the cave 
fauna of Europe, the animals comprising it being chiefly spi- 
ders, insects proper, and myriopods. 
A second memoir on scorpions by Dr. Thorell, published 

at Milan, is mainly descriptive, and contains full diagnoses 
of several Mexican, Californian, Central, and South American 
scorpions. The species of American G'aleodes, a spider-like 
form, have been studied by J. D. Putnam. While eighteen 
Species of this interesting genus have occurred in other parts 
of the world, two American ones have been described by Say, 
and it is probable that three others are in existence. They 



ees ee Sa ee ee a 

318 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

are confined to Florida and the central and Pacific coast re- 
gions of North America. 

Allied to the Galeodes is a much larger arachnid, the whip- 
tail scorpion (Zhelyphonus giganteus), which occurs in New 
Mexico, Dr. J. F. Broughter, of Fort Craig, N. Mex., says 
that the insect is poisonous, and sometimes fatally so. It is 
regarded by the Mexicans as poisonous. 
A volume of 455 octavo pages, under the title of “The 

Rhynchophora of America North of Mexico,” by J. L. Le 
Conte and G. H. Horn, forms No, 96, Vol. XV., of the Pro- 
ceedings of the American Philosophical Society. The spe- 
cies are very numerous, about 10,000 of them being known. 
The work of Dr. Le Conte upon this group, as evinced by 
this memoir, as well as earlier papers, indicates unusual 
originality and sagacity. He studies them from a com- 
pletely new standpoint; as he regards them not as con- 
stituting a single family, but a higher group represented by 
eleven families. As the weevils are the lowest type of Cole- 
optera, they are, Dr. Le Conte claims, therefore, the oldest. 
They comprise a larger number of forms, and have survived 
ereater geological changes, than any other groups of beetles. 
He finds that among the weevils “ form, color, and sculpture 
in many instances are repeated in tribes which, from their 
geological distribution and method of life, cannot be sup- 
posed to have any immediate genetic derivation.” The views 
of our author as to the origin of species and higher groups 
are of interest. He says: “I have no theory to propound 
regarding this very complex system of cross resemblances. 
They are certainly not the result of mimicry, and probably 
not of natural selection, or any other name of an idea which 
has yet been suggested. A deeper insight into the phenom- 
ena of organic nature, which may, perhaps, be acquired by 
our successors, would give us a more reasonable explanation 
of these resemblances.” Appended to the work is a useful 
list of the works and articles relating to the injurious species 
of weevils, prepared by Mr. B. P. Mann. 
“Among all Coleoptera known to science,” says Dr. Le 

Conte, “there is none which has provoked more discordant 
expressions of opinion regarding its position and relationship 
than the genus Hypocephalus.” After an elaborate study of 
the single species known, an inhabitant of Brazil, which forms 
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the type of a distinct family (Zypocephalide), Dr. Le Conte 
adopts the view that it belongs to a distinct type; but he 
also goes further, and maintains the opinion that it is still 
more isolated, and represents a fragment of a very old fauna, 
to which other forms of beetles might be added, each of 
which (Zvrictenotoma, Cupes, Rhysodes, and the Brenthide) 
possesses a certain number of characters in common which 
separate them from all other beetles, and link them together 
as representatives of the ancien régime. “It has been my 
opinion,” he adds, “expressed many years ago, that by the 
careful study of the existing forms of insects, which, for rea- 
sons given elsewhere both by others and myself, contain a 
greater number of ancient survivals than any other land ani- 
mals, these ancient survivals could be recognized and sepa- 
rated; so that we would have by this depuration the evolu- 
tions of the present geological age more distinctly separated 
and defined in our systems of classification; and that we 
would also be able to ascertain their proper connection (ideal 
or genetic, or both) with those which existed in past time. 
I now believe, in addition, that the number of these survivals 
is so great that we shall have a quite respectable mass of 
material for the partial reconstruction of the insect fauna 
of past ages, especially if studied in connection with geo- 
graphical distribution. The material which we can expect 
to gather from this line of study will be much greater than 
what may be expected from the rocks, in which the frag- 
ments, badly preserved for the most part, afford us very un- 
certain and usually very modern evidence of little value.” 

M. Vallery Mayet has sneceeded in rearing to the beetle 
state the larva of Adelops Delarouzei,a blind beetle living in 
the caves of the Eastern Pyrenees. This is an exceedingly 
interesting fact; for, though Packard has described and fig- 
ured the larva of the Adelops of the Mammoth Cave, no 
species of this beetle has been actually reared, and the pupa 
was unknown. 

It has been suggested by an anonymous author, in a mar- 
ginal note found in an old copy of Geoffroy’s “ History of 
Insects,” that the asparagus beetle (Crioceris asparagi) is 
Viviparous. This needs confirmation, for it rarely happens, 
if at all, that any beetle brings forth its young alive. Still, 
however, according to M. Reiche, one beetle (Oreina) is 
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known to be viviparous; and it is possible that, while the 
asparagus beetle usually lays eggs, the development of the 
young may be so accelerated within the parent that the 
young are born alive. 

The Colorado potato-beetle (Leptinotarsa decemlineata) 
has been not only introduced into Bremen, but Nature re- 
cords its occurrence in a field near Cologne in every stage 
of development. In the United States it now occurs in 
abundance as far east as the Kennebec River, Maine. 

Some entomological papers of importance appear in the 
last Berlin Entomologische Zeitschrift, especially certain 
notes on deformities in insects, mostly beetles. In 1875, 
HH. Mocquérys published an account of twenty such cases 
among beetles. 

The so-called “ educated fleas” form the subject of a paper 
in the American Naturalist by Mr. W. H. Dall, who states, 
after an examination of these entomological curiosities, that, 
in the first place, the fleas are not educated; and, in the sec- 
ond place, “all the performances which make up the exhibi- 
tion may be traced directly to the desire and earnest efforts 
of the insects to escape.” He explains the manner in which, 
on the second hypothesis, the different tricks of these “ un- 
conscious automata” are performed. 
A synopsis of the two-winged gall-flies (Ce ecidomyiade), 

by Messrs. Bergenstamm and Low, of Vi lenna, appears in the 
Transactions of the Zoological and Botanical Society of 
Vienna. It seems, from the numerous citations of German 
writers, that the Hessian fly is common in various parts of 
Europe, and is probably indigenous. 

For two years past M. Victor Signoret, of Paris, has been 
publishing, in the Annals of the Entomological Society of 
France, a series of essays on the cochineal insect, as well as 
all the different species of bark-lice (Cocctde). The eighti- 
eth and last part has now been completed, and will proba- 
bly be published in book form. 

The anatomy and histology of the Aphides and bark-lice 
form the subject of an inaugural dissertation for the degree 
of Ph.D. in the University of Leipsic, by E. L. Mark, of Ham- 
let, N.Y. 

The nervous system of the Aymenoptera (bees, wasps, 
ants, sawflies, etc.) has been studied by E. Brandt. He de- 
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scribes certain pedunculate bodies whose development, as 
originally discovered by Dujardin, corresponds with the de- 
gree of development of the instincts and intelligence in the 
different species. Brandt’s researches now enable him to 
prove that this is the case also for the different sexes of the 
same species. Thus in the worker of the honey-bee they are 
of immense size, while they are slightly developed in the 
queen and in the males. 

It has usually been supposed that ai the silk-worm moths 
issue from the cocoon by moistening the threads and pushing 
through them. This is, however, not the case, says Dr. 
Packard, with Actias lina, a large, handsome, pale- green 
moth, with long “tails” on its hind wings. His attention 
was called to a rattling, cutting, or tearing noise issuing 
from a cocoon of this moth. On looking at the cocoon, a 
sharp black point was seen moving to and fro, and then an- 
other, until both points had cut a slit, through which the 
shoulders of the moth could be seen. The hole is made in a 
minute or two, and the moth works its way at once out of 
the slit. The wings at this time being very small and flab- 
by, the points stick out, and can be used for the purpose in- 
dicated. In about an hour after exclusion from the cocoon 
the wings become fully expanded; but the black points can 
still be seen through the hairs immediately at the base of 
the wings. In this case no fluid was seen to exude from the 
moth, and the cocoon was perfectly dry. 

_ This cutting apparatus has also been found to exist in 
Platysamia Cecropia, P. Promethea, Telea Polyphemus of 
the United States, in a Texan Adtacus and a second species 
from Nicaragua, and in Attacus Amazonia Pack., from Pebas, 
Peru; also in two European species, Hndromis versicolor and 
Saturnia pavonia-minor. The spines are feebly developed 
in Bombyx mori, the common silk-worm, which secretes a 
fluid, softening the threads of its cocoon, and enabling the 
moth to press through them, though it cuts a few threads. 

Dr. Fritz Miiller describes a curious instance of commen- 
salism in two larvee of some unknown Lepidoptera. THe says 
the larger caterpillar, which has a red head and is protected 
from enemies by long-branched white stinging hairs, lives 
on mulberry and other trees. Like other protected cater- 
pillars, it is light-colored and sits on the upper surface of the 
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leaves. The second caterpillar is a little blackish fellow, and 
lies across the back of his larger companion, concealed among 
the stinging spine-like hairs of the latter. When taken off, 
he went back to his original place immediately. In order to 
photograph the two animals, Dr. Fritz Miiller stupefied the 
larger one with ether, which caused its death in about two 
days. The smaller caterpillar then quitted his post and took 
up his abode on a second specimen, the place that he had oc- 
cupied on his former host having a pale and worn appearance. 
The smaller caterpillar stretches down from his position of 
vantage among the spines of the larger and eats little holes 
in the leaf on which the latter rests. 

The second part of Mr. A. R. Grote’s check-list of the Woetu- 
ide of America north of Mexico has appeared, and will prove 
of much use to entomologists in arranging their collections. 
A new tenant of the nests of a species of ant (Lormica 

subsericea Say) has been found in the caterpillar of some 
species of Lycenide. “The lower segments of the abdomen 
were continually gently stroked by the antenne, in the fa- 
miliar manner of ants when soliciting honey-dew from Aphi- 
des.” Mr. W. H. Edwards has found that the caterpillar of 
Lycena pseudargiolus is possessed of organs upon the upper 
part of the last segments apparently designed or fitted for 
the exudation of some fluid, as also shown by Dr. Leidy in 
some specimens received from Mr. McCook. 

“Tnsects,” says Professor J. Plateau, “are often attracted 
from a distance by artificial flowers, but never alight on 
them.” They must, therefore, he thinks, be guided by some 
other sense besides that of sight. 

Several new genera and species of bird-mites are described 
and figured by Heller in Siebold and Kdlliker’s Zeitschrift. 

Professor C. V. Riley has studied the transformations of 
the locust-mite (Zrombidiwm locustarum Riley) which at- 
tacks grasshoppers, and lives from the Atlantic coast to 
California, but is especially abundant on the Rocky Moun- 
tain locust. In spring the female lays between 300 and 400 
minute, spherical, orange-red eggs in the ground. The young 
Trombidiwn when hatched has but six legs. In this form, 
and when very small, they creep on the locust and adhere 
to the base of the wings, where they become swollen and 
oblong in form, until finally they let go their hold and drop 
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to the ground, where they remain quietly for two or three 
weeks, gradually swelling and changing form. “ At this 
time the pupa state is assumed, but not by shedding any 

skin, as do true insects in undergoing their transformations. 
New legs, feelers, and mouth-parts form under the old skin, 
which, with its now uscless legs, distends so as barely to 
cover the new parts, which are all appressed to the body, 
very much as in the pupa of a beetle.” Finally, both the 
distended larval skin and the new one that incases the pupa 
burst, and release the mite in its eight-legged adult form. 
It appears that from the time this mite hatches, through all 
its growth and changes, but one molt takes place. The 
adult mite passes the winter in the ground, and is active 
whenever the temperature is a few degrees above freezing- 
point. Professor Riley has also reared Zrombidium musca- 
yum Riley from the larva which lives on the common honse- 
fly. He also figures and describes the transformations of 
Hydrachna belostome Riley, an aquatic mite which usually 
infests the large water-bug (Zaitha) ; as many as 500 some- 
times occurring on a single bug. They fasten themselves 
and penetrate the chitinous skin of their host with their 
maxille, which form a long, pointed thread. The body be- 
comes sac-like, and transforms into the pupa state within 
this sae, which finally bursts to release the adult mite. This 
bag-like larva was looked upon as an egg by many old au- 
thors, and was made the type of the genus Achlysia by Au- 
douin. Mr. Riley’s article is printed in advance from the 
Report of the United States Entomological Commission. 

The development of the crayfish has been freshly studied 
by Reichenbach, who supplements the works of Rathke, Le- 
reboullet, and Bobretsky. He has found that many of the 
endodermal cells of the ordinary columnar form are lobed at 
the end towards the yolk, and give off more or less fine 
threads of protoplasm, which pass between, and in some 
cases surround, the yolk spheres. These cells evidently ab- 
sorb the nutritive matter of the yolk, “not by a passive 
process of diffusion, but by an active process of ingestion, 
the food particles being immediately ‘ plunged into the liv- 
ing protoplasm of the cell, and there digested.” This active 
swallowing of particles of the yolk by embryonic cells was 
first observed by Lankester in the egg of the euttle-fish. 
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The mode of moulting of the integument and lining of the 
crop and proventriculus, or fore-stomach, of the Orthoptera 
has been studied by Wilde. On the histological processes in 
the moulting of animals in general we have the previous 
works of Cartier, Braun, and Kerbert. In the reptiles as 
well as in the Astacus, or crawfish, moulting of the skin is 
effected by its being pushed off, in the first place, by fine cu- 
ticular hairs, which afterwards disappear. Exceptions to 
this mode only occur in the reptiles on certain parts of the 
body, as, for example, on the underside of the scales and the 
capsular skin of the eyes of reptiles; in the Astacus, the 
faceted cornea, the eye-stalk, and the inner lamelle of the 
fold of the carapace over the gill-opening. In the locusts 
and grasshoppers the teeth arming the crop and fore stom- 
ach, though primarily of use in triturating the food, especial- 
ly in the crop, are secondarily useful in loosening the cuticle 
lining those parts of the digestive canal. As soon in the 
Orthoptera as the old cuticle is loosened and stripped off, 
there is the new cuticle completely formed under it. It is. 
at first completely transparent, but takes on, after a few 
days—probably through the influence of the air, which passes 
through very fine tracheal twigs under the layers of epithe- 
lium—the characteristic yellow-brown color of the chitine. 
The secretion of the new cuticle must follow with great ra- 
pidity. It does not take more than one or at least two days 
in developing. 
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By Professor W. G. FARLOW, 

Boyiston Hatt, Harvarp Co.Liece, CAMBRIDGE, Mass. 

There has been a very general activity during the present 
year on the part of botanists, as is shown by the large num- 
ber of papers published in the different journals; although 
it would seem that the number of published books, particu- 
larly of those relating to flowering plants, was smaller than 
usual. As has been the case for some years past, the work 
done in Germany has been largely physiological and de- 
velopmental, while in England and this country descriptive 
botany has been almost exclusively studied. During the 
year an unusual number of prominent botanists have died, 
of whom a considerable proportion were still in their prime, 
so far as activity in botanical pursuits was concerned. It 
is seldom that in one year four such prominent names as 
those of Alexander Braun and Hofmeister in Germany, and 
De Notaris and Parlatore in Italy, disappear from the ranks 
of botanists. 

GENERAL.* 

Phenogams. 

In striking contrast to what is usually the case, there is 
but little to be recorded in the department of descriptive 
phenogamy. The “Flora Brasiliensis” has been continued, 
one volume being devoted to the Graminec, comprising the 
suborder Paniceew. The “Dictionnaire de Botanique,” con- 
ducted by Baillon, has also been continued by a second part, 
comprising several different orders. The Proceedings of the 
Linnean Society include a number of short articles on phe- 
nogams, the principal of which is an account by J. G. Baker, 
of the Tridew. The Journal of Botany contains also a num- 
ber of short articles, among which may be noticed “ Descrip- 

* The special report with regard to botany in America will be found on 
page 335. 
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tive Notes on a Few of Hildebrandt’s East African Plants,” 
by J. G. Baker and 8. Le M. Moore; and “ New Palms Collect- 
ed in the Valley of the Amazon in North Brazil in 1874,” by 
J. W.H. Trail. The Botanische Zeitung contains an article 
by Dr. Robert Caspary, in which he describes a new species 
of Nymphea, N. Zanzibarensis, and gives a synopsis of the 
species of the genus found in tropical Africa. In the same 
journal a new “ Classification of Palms,” on the somewhat 
novel basis of geographical distribution is given by Drude. 
A third part of the “ Prodromus Flore Hispanice,” by Wil- 
komm and Joann, has appeared; and Beccari has published, 
at Genoa, observations on some of the plants collected by 
him in the Malay islands. 

Vegetable Anatomy and Physiology. 

Several important contributions have appeared during the 
year on this subject. First, in importance as well as size, 
is the “Comparative Anatomy of the Organs of Vegetation 
of Phenogams and Ferns,” by Professor De Bary, of Stras- 
burg. The work consists of over six hundred pages, with a 
large number of wood-cuts, and is the most elaborate treat- 
ise on the subject since the days of Von Mohl. This vol- 
ume is the third of the series entitled “ Manual of Physiologi- 
eal Botany,” published by Hofmeister in connection with 
De Bary and Sachs. Owing to the death of Hofmeister and 
other causes, it is announced that the work will not be ear- 
ried further. The Botanical Laboratory of Wiirzburg has 
shown great activity, and several interesting papers have 
been published by Professor Sachs and his pupils. The 
most important article of this series is an essay on the “ Ar- 
rangement of the Cells in the Youngest Parts of Plants.” 
The paper is accompanied by diagrams, the object of which 
is to show that, whether the terminal growth takes place 
by means of what is generally known as a Scheitelzelle, a 
single terminal cell, or by a membrane, the cells are so ar- 
ranged that a series of curves can be drawn through them 
in such a way as to have a common focal point, and to bear 
a definite relation to certain hypothetical axes. In those 
cases where the growth is by a single terminal cell, Sachs 
thinks that the growth is not highly developed, but the con- 
trary. Sachs has also a paper on the porosity of wood, in 
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which he shows that the discoid markings of the spring and 
a part of the autumn wood are closed by a membrane, as 
was maintained by Sanio and Hartig. Vesque, in the An- 
nales des Sciences, states, in an article on “ Water in the Stems 
of Ligneous Plants,” referring to a paper by Geleznow, that 
in some plants the wood is drier than the bark, and in other 
cases just the reverse; and the relative dryness depends 
upon what he styles the “transpiratory reserve.” 

The anatomy of the root is treated in a paper by Holle, on 
the “ Growing-point of the Roots of Dicotyledons,” in which 
he takes certain exceptions to the classification of roots ac- 
cording to their anatomical structure, as advanced by Jan- 
ezewski in the Annales des Sciences. Absorption is treated 
by Vesque in a paper in the Annales des Sciences, in which 
he calls to mind the difference between exhalation and res- 
piration. In the study of the crystals and albuminoids of 
plants, we would mention the discovery by Kraus of inulin 
in orders other than the Composite, in which it was previous- 
ly known to exist. IXraus notices its occurrence in several 
species of the orders Campanulacee, Lobeliacece, Goodenia- 
ce, and Stylidee. Harz has discovered in the testa of Sper- 
gua vulgaris and S. maxima a new fluorescent substance, 
to which he gives the name of spergulin. Anatomical stud- 
ies in relation to limited groups are furnished in the papers 
of ag on the “ Development of the Seeds of the Orobancha- 
cece,” and by Kamienski on the “ Development of the Utricu- 
larice, the former of which appeared in Pringsheim’s Jahrbuch, 
and the latter in the Proceedings of the society at Warsaw. 

The work of Darwin on the “ Effects of Cross- and Self- 
fertilization in the Vegetable Kingdom,” although in reality 
published in 1876, has | not generally reached the. public until 
the present year. It is giving it the highest praise in saying 
that it is not inferior to any of his previous works in thor- 
oughness and scientific precision. From the mass of details 
which it contains, it is not likely to be thoroughly read by the 
public, who will be satisfied with the review of the work given 
by Professor Gray in the American Journal of Science for Feb- 
ruary, or that in the Journal of Botany for March. The ecare- 
ful tabulation of accurately conducted investigations shows 
the decided advantage possessed by cross-fertilized plants. 
Of course, the book has given rise to violent discussions; but 
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nothing has yet been adduced to detract from the correct- 
ness of Darwin’s conclusions. In connection with this sub- 
ject, we would refer to a work by Hanstein and A. Braun on 
the parthenogenesis of Celebogyne ilicifolia, in which, as we 
understand, Hanstein thinks the parthenogenesis is proved. 
The subject of Insectivorous Plants has been discussed in 
numerous papers, among which we may mention an article 
by Batalin in /lora on the “ Mechanism of the Motions of 
Insectivorous Plants.” It is evident, however, that the cream 
of the subject is to be found in Darwin’s work on the subject; 
and the articles which have lately appeared are beginning to 
seem a little drawn out. A son of Mr. Darwin has made 
observations on the protoplasmic filaments protruded by the 
hairs of Dipsacus ; and Cornu, in the Comptes Rendus, men- 
tions having seen the protoplasmic contents of a cell in a 
fungus pass directly through the cell-wall. 

Ferns and Mosses. 

Systematic works on the higher cryptogams have not been 
very abundant during 1877. Cesati, in the Proceedings of 
the Neapolitan Academy, has two papers on the higher cryp- 
togams of Borneo and some Polynesian islands. J. G. Baker 
describes some ferns of the Andes in the Journal of Botany ; 
and Professor Harrington, of Michigan University, describes 
some new species collected by Professor Steere. Perhaps 
the most important general work on higher cryptogams pub- 
lished during the year is the “‘ Cryptogamic Flora of Silesia,” 
under the direction of Professor Cohn, of Breslau. The vas- 
cular cryptogams are arranged by Dr. Stenzel, the mosses 
and liverworts by Dr. Limpricht, and the Characee by the 
late Professor A. Braun. The latter portion is particularly 
worthy of commendation. A second volume, including the 
aleze by Cohn, and fungi by Dr. Schroeter, is said to be in 
press. In /lora, Dr. Franks has a paper on the mosses of 
the northern part of Bavaria, and Jach has an article on He- 
patice in the Botanische Zeitung, in which he criticises the 
views and determinations of Dumortier. 

In regard to the development and morphology of the 
higher cryptogams, there have been several interesting dis- 
coveries. Dr. Berggren, of Lund, has published in the Bota- 
niska Notiser a preliminary notice of the germination of 
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Azolla, studied by him in New Zealand. Although long 
' studied, the mode of germination of Azolla (which, according 
to Dr. Berggren, resembles that of Pilularia) had escaped de- 
tection. Stahl, in the Botanische Zeitung, describes the proc- 
ess by which the stalks of the spore-cases in mosses, when 
cut across, may produce protonemata. The same subject is 
more elaborately treated by Pringsheim in his Jahrbuch; 
and he gives, in concluding, his views of the nature of the 
prothallus i In the higher cryptogams. Leitgeb has continued 
his researches on the morphology of Hepatice, to which, for 
some years, he has paid special attention. 

Fungi. 

On no branch of botany is the annual literature more vo- 
luminous than on this. The magazine articles in which new 
species have been described are far too numerous for special 
mention. In Hedwigia articles have appeared by Magnus, 
Schroeter, Von Thiimen, Niessl, and others; and in Grevillea 
by far the larger number of articles by English botanists re- 
late to fungi. In the Annales des Sciences is a series of my- 
cological essays by Sorokin, who has also published some- 
thing in Hedwigia. In England, a translation of Rostafin- 
sky’s “Myxomycetes,” at least so far as the British species are 
concerned, has been made by M. C. Cooke. The first volume 
of Fries’s “Icones Hymenomycetum” has been successfully 
finished. A useful synopsis of the Ustilaginew, by Professor 
Fischer von Waldheim, has been published in the Annales 
des Sciences; and the same author has also distributed a 
paper on the species of Kntyloma, and a list of the plants on 
which the species of Ustilaginew are parasitic. Dr. Wilhelm, 
of Strasburg, has also distributed his doctorate thesis on the 
species of Aspergillus. Special mention should be made of 
some developmental works on fungi. Brefeld’s Basidiomy- 

_cetes forms the third part of his series published under the 
name of “ Ueber Schimmelpilze.” Brefeld is the strongest 
advocate of the view that, so far as at present known, the 
fruit of the Basidiomycetes is not produced from a carpo- 
spore. In a short article, Brefeld also discusses the theory 
that fungi do not require light to attain perfection, and 
brings forward several facts to show that such is not the 
case—at least, not universally ; for some species will not bear 
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spores until they are exposed to the light. In a paper on 
the species of /ntomophthora, the same writer states that 
the fungus described by Cohn, in the “ Beitrige zur Biolo- 
gie,” under the name of Zarichiwn is only the resting-spore 
stage of Hntomophthora radicans. In concluding, he presents 
a new view of the classification of fungi, which, while some 
will complain of it as being too speculative, is in some re- 
spects an improvement on the ordinary classification. Dr. 
Hermann Bauke, in a thesis on the ‘* Nature of Pyenidia,” 
shows, by means of cultures, that the view of Tulasne was 
in the main correct, and that the pycnidia are in most cases 
states of different Sphwriacee, although he admits there are 
a few cases where the reverse is the case. ‘The Nature of 
Spermatia” has formed the subject of a paper by Cornu in 
the Annales des Sciences. He denies that the spermatia are 
male organs, because he has succeeded in making them ger- 
minate, which, as he thinks, proves that they are forms of 
stylospores. The low group of fungi (or, if you please, alge) 
the Chytridiacee has of late been a favorite field of study; 
and new species and genera are described with uncomfort- 
able frequency. In the second part of Volume II. of the 
“ Beitrige zur Biologie,” Dr. Nowakowski describes a new 
species, Polyphagus euglene ; and Sorokin, in the Annales 
des Sciences, has a paper on the vegetable parasites of the 
Anguillule, The subject of fermentation has been studied 
by Brefeld in a third paper, in which he states that Mucor 
racemosus and M. stolonifer produce alcoholic fermentation, 
although to a much less marked degree than the yeast plant. 

Lichens. 

New species of lichens have been described by Crombie 
in England, and by Nylander and Arnold on the Continent. 
The discussion as to the nature of lichens has been carried 
on by Winter and Minks in the different numbers of /’Jora, 
and Nylander has in the same journal some notes on the dif 
ferent forms of Gonidia. The discussion between Drs. Win- 
ter and Minks is acrimonious and even abusive, and the bo- 
tanical public can hardly be said to feel much interest in this 
personal matter. A very important paper, in two parts, has 
been published by Dr. E. Stahl. In the first part, the struct- 
ure of the organs of fructification in lichens is discussed. y 
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Stahl regards the spermatia as male organs, in opposition to 
the view of Cornu above stated, and he finds them attached 
to a trichogyne-like organ, This is confirmed by Mr. George 
Murray in the case of Collema pulposum in the Journal of 
Botany. Stahl believes that the process of fertilization in 
lichens is very similar to that in the 2Voride, or red sea- 
weeds. In the second part, Stahl relates his experience in 
cultivating lichens from the spores in connection with free 
gonidia. The species studied were Endocarpon pusillum, 
Thelidium minutulum, and Polyblastia rugulosa, The first 
two species Stahl was able to cultivate until they produced 
new spores. He also succeeded in making Z’helidium grow 
upon the gonidia of Hndocarpon. This is the first success- 
ful attempt to produce the fruit of a lichen by sowing the 
spores with gonidia; and Stahl’s experiments go far towards 
strengthening the view of Schwendener that lichens are 
fungi parasitic on certain alge. It is announced that here- 
after, in Just’s Jahresbericht, the lichens will not be kept as 
a separate department, but merged with the Ascomycetes. 

Algee. 

A paper by Dr. Wittrock on the “ Development and Sys- 
tematic Arrangement of the Pithophoraceze” gives the char- 
acters of an order of green alge, which closely resemble the 
Cladophore. <A series of papers by Dr. Kjellman on the 
algze of Spitzbergen, Nova Zembla, and other northern re- 
gions is an important contribution to our knowledge of the 
arctic marine flora. In Nova Zembla, Dr. Kjellman remarks 
the almost entire absence of a litoral vegetation. Algee from 
the Adriatic have been described by Hauck in the Austrian 
Journal of Botany. A well-prepared set of algee, principally 
fresh-water, from Sweden, by Nordstedt and Wittrock, has 
been offered for sale. In the way of development of alge 
we have to mention a careful paper by Janezewski, in the 
Proceedings of the Cherbourg Society, on the “ Development 
of the Cystocarp in Floridex.” The development of Bo- 
trydium granulatum has been studied by Rostafinsky and 
Woronin, and it is described and figured in the Botanische 
Zeitung. This plant finally produces zoospores with two 
cilia which conjugate with one another; but there are also, 
in some stages, zoospores which do not conjugate. The de- 
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velopment of Acetabularia Mediterranea, which was only 
partially known, has been completed by Professors De Bary 
and Strasburger. The bodies which were cailed spores are 
shown to produce zoospores, and a peculiar basal process of 
the thallus is described. Reinke, in Pringsheim’s Jahrbuch, 
has described the growth of the thallus in certain Phwospore, 
and has also studied the development in Zanardinia collaris, 
where, as he says, the mass which is to form the spore comes 
to rest before being fertilized. A somewhat acrimonious 
discussion has appeared in the columns of the Botanische 
Zeitung between Reinke and Rostafinsky with reference to 
the credit to be assigned to their different papers on the 
terminal growth of Fci, reported in last year’s Lecord. 

Bacteria. 

The literature of Bacteria and related forms has not been 
quite so voluminous as last year. A substantial paper, by 
Warming, has appeared in the Copenhagen Proceedings, in 
which there are described and figured several of the Danish 
monads, Bacteria, Beggiatocw, etc. The investigations of 
Tyndall with regard to the sterilization of liquids have been 
important. Sterilization, or the reduction to a state of inac- 
tivity or torpidity of the germs of minute vegetable organ- 
isms, is, according to Tyndall, better accomplished by repeat- 
edly raising the fluid to the boiling-point, and allowing it to 
remain there but an instant, than by prolonged boiling. 

In General. 

The changes which have taken place in the botanical chairs 
have been more numerous than usual the present year. The 
deaths of Alexander Braun, Hofmeister, De Notaris, and Par- 
latore left vacancies in the chairs of Berlin, Tiibingen, Rome, 
and Florence. The chair of Berlin has been filled by Eich- 
ler, of Kiel. At Tiibingen, Professor Schwendener, of Basle, 
replaces Hofmeister; and Pfeffer, of Bonn, is transferred to 
Basle. At Florence it is reported that Beccari is to have 
the chair filled by Parlatore. Professor J. KE. Areschoug, of 
Upsala, having resigned, his place has been filled by Professor 
T. M. Fries. The chair of Aberdeen having become vacant 
by the resignation of Professor Dickie, Mr. J. W. H. Trail 
has been appointed in his place. Millardet, formerly of 

ee eee ee 



BOTANY. 333 

Nancy, has recently been appointed to a position at Bor- 
deaux. Rostafinsky has been promoted to a professorship at 
Cracow. During the year, no botanical expedition of impor- 
tance has been undertaken. Among the changes which are 
worthy of note is the erection of a new building for the her- 
barium at Kew, which, as we learn from the last report of the 
director, is estimated to contain considerably over a million 
specimens. ‘There has also been erected at Kew a labora- 
tory for the pursuit of physiological studies. 

PROGRESS IN AMERICA. 

Descriptive. 

In America, the botanical publications have been principal- 
ly confined to articles in the different journals. In systematic 
botany we have to note three papers by Professor Asa Gray 
in the Proceedings of the American Academy. The first, 
which appeared late in December, 1876, but which was not 
generally distributed until the beginning of the present year, 
is a description of the two genera of Papaveracee (Canbya 
and Arctomecon), both from California, illustrated by two 
plates by Sprague. The species of Arctomecon has a persist- 
ent instead of a caducous corolla, as is usual in the order to 
which it belongs. The second paper, which bears the same 
date as the first, contains the descriptions of new species of 
several different genera, including a synopsis of the North 
American species of Asclepias and allied genera. In this 
paper, the genus Stezronema of Jafinesque is restored, and 
several species separated from Lysimachia, where they had 
been previously placed. A third paper, by Professor Gray, 
in the Proceedings of the American Academy, bearing the date 
of May, 1877, contains a description of the new genera — 
Sympetaleia of the Loasacee, and Lemmonia of the Hydro- 
phyllacee, both belonging to California; besides revisions of 
Canotia, Torr.; Echidiocarya, Gray ; and Leptoglossis, Benth. 
Mr. Sereno Watson also contributed to the same Proceedings 
a paper, bearing the date of June 13,in which he described 
a number of new species, and gave revisions of the genera 

Lychnis, Hriogonum, and Chorizanthe, In the Transactions 
of the Academy of Science of St. Louis, Dr. George Engel- 
mann continues his account of the oaks of the United States. 
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He also contributes two other papers—one on the American 
junipers, and the other on the flowering of Agave Shawiti, 
illustrated by a plate. The second fasciculus of the “ Wild 
Flowers of America,” plates by Mr. Isaac Sprague and text 
by Professor G. L. Goodale, has appeared, and includes four 
species — Jris versicolor, L.; Rudbeckia columnaris, Pursh; 
Viola sagittata, Aiton; and Steironema lanceolatum, Gray. 
The drawing of the first-named species is one of the finest 
ever made in this country. There is announced as about to 
appear a series of plates of native flowers, with text by 
Professor Thomas Meehan, of Philadelphia, the lithographs 
being furnished by Prang, of Boston. 
In the department of cryptogams we must note an elaborate 

paper, by Professor Edward Tuckerman, on North American 
and other lichens, published 1 in the Proceédings of the Amer- 
ican Academy. The species described, besides those found 
in the United States, were collected by Dr. Hill during the 
Hassler Expedition. In an appendix are given the species 
collected by Dr. J. H. Kidder at Kerguelen Land during 
the Transit of Venus Expedition. New species of American 
fungi have been described in various publications. We may 
particularize, in this connection, articles by J. B. Ellis and 
Baron von Thiimen in the Bulletin of the Torrey Club; by W. 
R. Gerard in the Proceedings of the Poughkeepsie Society ; 
by M. C. Cooke in the Badlletin of the Buffalo Society, where 
a synopsis of American species of Zyphomycetes is given; 
also articles by the same botanist in Grevillea; and, lastly, 
by C. H. Peck in the twenty-seventh and twenty: eighth re- 
ports of the Botanist of the State of New York for the years 
1873 and 1874 respectively. The two last-named reports 
are illustrated by plates of fungi, and not only contain ac- 
counts of the fungi and other cryptogams of New York 
State, but also notes of newly discovered localities of flow- 
ering plants. Californian species of fungi, principally from 
the collections of Dr. Harkness, have been given by Plow- 
right, Philips, and Rev. Mr. Vize in Grevillea. Additions 
have been made to the marine flora of the United States in 
a paper by W.G. Farlow published in the Proceedings of 
the American Academy of Boston. In the same Proceed- 
ings Professor D, C. Eaton describes a new species of Vito- 
phyllum. There has also appeared the first fasciculus of a set 
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of alge of the United States, prepared by Professor Farlow, 
Dr. C. L. Anderson, and Professor D.C. Eaton, In the higher 
cryptogams there have been new species of mosses and Ze- 
patice described by C.F, Austin in the Torrey Bulletin, and 
an illustrated paper on some ferns of the Western country 
has been prepared by Professor D. C. Eaton for the report 
of the Wheeler Expedition. The first set of a series intend- 
ed to include all the species of ferns found in the United 
States—the text by Professor D. C. Eaton, and plates by Mr. 
Emerton—has appeared, and the execution is all that could 
be desired. 

Physiological. 

It is a subject of congratulation that the number of arti- 
cles on vegetable physiology and the minute anatomy and 
development of different groups is increasing in this coun- 
try ; and there seems a probability that, at no distant date, 
important work in this department will be done by American 
botanists. As might be supposed, the interest of our bota- 
nists has been especially turned to the subjects of cross-fer- 
tilization and insectivorous plants. On the former subject, 
notes have been published by Professor Gray, in the Natu- 
ralist, on the fertilization of Gentiana Andrewsii, which, he 
thinks, is generally fertilized by insects, although occasion- 
ally it is self-fertilized. In the Torrey Bulletin the same 
opinion is advanced by Mr. W. W. Bailey. On somewhat 
insufficient grounds another writer, in the same journal, con- 
siders the flowers of Gentiana Andrewsii as cleistogenic. In 
the Naturalist for May, Mr. H.G. Hubbard relates his ob- 
servations on Aristolochia clematitis, made while travelling 
in Jamaica, The flower, which is shaped like a German pipe, 
is divided into three chambers, by constrictions and valves, 
furnished with backward-pointing bristles, the whole form- 
ing a trebly guarded fly-trap. The outer chamber alone 
gives out the carrion odor which attracts insects to enter, and 
these cannot escape on account of the backward - pointing 
bristles. Mr. Hubbard shows, however, that, as the flower 
withers, the constrictions disappear, and the insects readily 
escape, loaded with pollen. In the same journal, a review 
of the literature with regard to the cleistogenic flowers of 
different species of Viola is given by Professor Goodale. 
With regard to the insectivorous properties of Sarracenia 
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variolaris, Dr. J. TW. Mellichamp, of Bluffton, 8. C., has made 
experiments which show that the sweet secretion of that 
plant acts simply as a lure, and has not, as some have sup- 
posed, an intoxicating effect on the insects which feed upon 
it. The observations of Dr. Mellichamp were confirmed by 
Mr. B. M, Watson, of Cambridge. Professor C. E. Bessey has 
published, in the /Vaturalist of August, the result of some 
careful experiments to ascertain the cause of the peculiar 
position which the leaves of the Si/phium laciniatum (compass 
plant) assume. ‘The first gives tables of the variation from a 
line passing north and south which he observed in plants of 
different ages and sizes; and the comparatively slight vari- 
ation from the meridian is quite striking. In seeking for the 
cause of the peculiar position of the leaves, he finds that the 
relative position of the stomata on the upper and under sur- 
faces of the leaf does not determine the real cause of the 
polarity. Ina later note, Professor Bessey states that, what 
is known as the “ palisade tissue,” which is usually found 
only on the upper surface of the leaf, is in Stlphium lacinia- 
twm, distributed throughout the whole leaf. 

In General. 

During the past year no new botanical work has been at- 
tempted in connection with the different Western surveys; 
although it is understood that progress has been made by 
Professor Rothrock in working up the plants collected by him 
during a previous expedition. We must not, however, omit 
to mention the botanical work by Professor Macoun in con- 
nection with the survey of Canada. An event of interest 
has been the visit to this country of Sir J. D. Hooker, who, 
in company with Professor Gray, Professor Leidy, and others, 
spent nearly three months in the Rocky Mountains and Cali- 
fornia. In the way of new publications we would mention 
the first Badletin of the Illinois Museum of Natural History, 
containing botanical articles by Fred. Brendel, M.D., and 
T. J. Burrill; and also a volume of the Proceedings of the 
Ann Arbor Scientific Association, containing articles by Mr. 
V.M. Spalding and Miss Almendinger. During the year very 
little change has taken place in the management of the bo- 
tanic gardens, or the botanical chairs, in the country. Dr. 
J.T. Rothrock has been appointed Professor of Botany in the 
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University of Pennsylvania, and Professor Thomas Meehan 
has accepted a similar position in the Agricultural College 
of Pennsylvania. W.R. Dudley, of Cornell, has been pro- 
moted to the position of Assistant Professor of Botany ; 
Rh. W. Greenleaf has been appointed Assistant in Botany at 
Harvard, and B. M. Watson, Jr., Instructor in Horticulture 
at the Bussey Institution. 

MISCELLANEOUS NOTES. 

Classification of Palms. 

In the Botanische Zeitung, Dr.O. Drude proposes a modified 
classification of the palms, the basis of which is the separa- 
tion of the New and Old World forms, based upon the facts 
that no species of palm is indigenous both in America and 
the Old World; no genus is common to both worlds; and 
even the tribes are almost limited by the same laws of dis- 
tribution. The arrangement is briefly as follows: 

1. Calamece.—Tropical Africa, Asia up to 30° N. lat., the 
Sunda Isles, and Australia to 30° S. lat. 

2. Raphiee.—EKquatorial Africa, Madagascar, Mascarenes, 
and Polynesia. 

3. Mauritiee.—Tropical America from 10° N. to 15° S. lat. 
4, Borassine.—Africa, Mascarenes, Seychelles, and West- 

ern Asia to 30° N. lat. 
5. Cocoinew.—America, 23° N. to 34° S. lat. 
6. Arecinee.—All around the world from 30° N. to 42° S. 

Jat. 
7. Chamcedorinee.—America, 25° N. to 20° S. lat.; Mada- 

gascar, Mascarenes, and Seychelles. 
8. Lriartece.—America from 15° N. to 20° S. lat. 
9. Caryotinee.—Asia to 30° N. lat., Sunda Isles, Austra- 

lia to 17° S. lat. 
10. Coryphinee.—All around the world from 40° N. to 

35° 8. lat. 
Roots of the Banian Tree. 

The most remarkable evidence of the extraordinary power 
of the pendent roots of the banian has been lately exhibited 
in the celebrated temple of Juggernauth. The great Hindoo 
temple of Juggernauth is notorious throughout the world. 
Built at a cost of half a million sterling,it is black with age. 
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After seven centuries, this sacred edifice, which has defied the 
elements and encroachments of age, has been suddenly found 
to be on the verge of destruction. The seeds of the banian 
and peepul tree have got under the foundations; the whole 
fabric has been loosened. The ruin was first indicated by 
the fall of some large stones, just after the idols had left the 
temple on the last car-festival. Had they fallen a few minutes 
before, they would have been smashed to atoms. This catas- 
trophe has, as may be imagined, caused great consternation, 
and is likely to have a disastrous effect on the prestige of the 
great Juggernauth. It isa curious coincidence that the most 
celebrated Hindoo temple should have been thus undermined 
by trees held sacred, if not divine, by the whole Hindoo nation. 

History of Helianthus Tuberosus, or Jerusalem Artichoke. 

The question as to the country from which the Jerusalem 
artichoke originally came has been the subject of a cor- 
respondence in the American Journal of Science between 
Professor Gray and Mr. J.H. Trumbull. Linnezeus, in the 
“Species Plantarum,” gave to Helianthus tuberosus the “ ha- 
bitat in Brasilia.” In his earlier “ Hortus Cliffortianus” the 
habitat assigned was Canada. De Candolle, in his “ Géo- 
eraphie Botanique,” refers to this as “decidedly an error— 
at least as to Canada properly so called”—and assigns good 
reasons for the opinion that it did not come from Brazil, nor 
from Peru, but in all probability from Mexico or the United 
States. In the second edition of the “ Manual of Botany of 
the Northern United States,’ Professor Gray stated that 
in his opinion /Z. doronicoides of the Western States was 
most probably the original of AZ. tuberosus. Mr. Trumbull, 
after quoting several instances where the Jerusalem arti- 
choke is reported as coming from Canada, says, “The notices 
by early voyagers of ground-nuts eaten by the Indians are 
generally so brief and so vague that it is not easy to distin- 
euish the three or four species mentioned under that name 
or its equivalents. The Solanwm tuberosum, Apios tuberosa, 
Aralia trifolia, and a Cyperus were all *‘ ground-nuts” or 
-“earth-nuts.” Brereton, in his account of Gosnold’s voyage 
to New England in 1602, notes the “great store of ground- 
nuts” found on all the Elizabeth Islands. They grow “forty 
together on a string, some of them as big as a hen’s egg.” 
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These doubtless were the roots of Apios tuberosa. But when 
Champlain, a few years later, was in the same region, he 
observed that the Almauchiquois Indians near Point Mal- 
lebarre (Nausett Harbor probably) had “ force des racines 
qwils cultivent, lesquelles ont le goat d’artichaut.” Sagard- 
Théodot mentions the cultivation of the sunflower by the 
Hurons, who extracted oil from its seeds; and he adds that 
the French called them Canadiennes, or pommes de Canada. 
As to the annual sunflower said by Linneus to come from 
Peru and Mexico, Professor Gray thinks that its original is 
HI. lenticularis of Douglas, which again is probably only a 
larger form of ZZ. petiolaris of Nuttall, natives of the west- 
ern part of the Mississippi valley and of the plains to and 
beyond the Rocky Mountains. 

Living and Fossil Oaks of Europe Compared by De Saporta. 

Before the end of the Miocene, Europe possessed oaks 
which closely resembled Quercus cerris. They had cupules 
of the same kind as the one now living, and the fruit matur- 
ed in the second year. Three species in Auvergne belonged 
to the type of Quercus robur, and “did not differ from the 
forms of this group more than these forms differ from one 
another.” Quercus pedunculata, sessilifiora, and pubescens 
are relatively recent. In the middle of France, at least, these 
races have been preceded by other oaks, which have since 
partly disappeared and partly have been confined to a re- 
gion farther south. On the other hand, species which now 
occupy only limited stations where they are threatened with 
extinction, like Quercus cerris in France, appear to have had 
direct representatives there at at an epoch relatively remote 
(Naturalist, April, 1877). 

Rapid Growth of Fourcroya. 

From Regel’s Gartenflora we learn that the Fourcroya 

gigantea which recently flowered in Munich attained a height 

of about twenty-one feet; and of this it made nearly half 

during the month of October. The greatest elongation in 

twenty-four hours was 6.3 inches, in a day temperature of 

92.75° and a night temperature of 56.75°. No particulars 

are given respecting the period of the twenty-four hours in 

which the maximum intensity of growth took place. At the 
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beginning of October it was about ten feet high, and by the 
16th it had increased nearly eight feet, or at the rate of 
about six inches per day. After this date, with a much 
lower temperature day and night, the rate of growth was 
much slower. 

Exhalation in Lichens. 

According to Godlewski, lichens, or at least Borrera cili- 
aris (the one employed in the experiments) in darkness use 
up all the oxygen of the air, and exhale carbonic acid; and 
they form no other gas until there is available oxygen. The 
intensity of respiration increases with the temperature. In 
twenty-four hours they will appropriate about their own 
volume of oxygen, when subject to a temperature of 62.6° 
Fahr. 

Vitality of Grain. 

At the meeting of the Linnzan Society on January 18, 
1877, R. Irwin Lynch exhibited a pot of growing wheat 
sprung from grain left in Polaris Bay, Smith’s Sound, 80° 83’ 
N. lat., by the American Polaris Expedition. Captain Sir 
G. Nares, on his return from the recent Arctic Expedition, 
in a letter to Dr. Hooker, mentions that the grain in question 
lay exposed to all the rigorous and intense cold of that far 
northern clime, through the years from 1872 to 1876. Nev- 
ertheless, when the sample brought home was sown at Kew, 
about sixty-four per cent. of the grains were capable of germi- 
nation. ‘Two peas were also found to be in good condition. 
It is likewise worthy of remark that among the wheat a 
single grain of maize was observed; and this representative 
of a tropical vegetation retained its vitality in spite of the 
low temperature, and was among the seeds that germinated. 
This observation as to the retention of the vitality of seeds 
is valuable as an authenticated record that the severest 
arctic frost, even long continued, does not wholly deprive 
the embryo of the above cereals of its vitality (brit. Jour. 
Bot., April, 1877). 

Fluorescence of Calycanthus. 

A decoction of the bark of the Calycanthus floridus, also 
known as “sweet shrub,” is strongly fluorescent. My atten- 
tion was recently drawn to this fact in examining a mixture 
of the bark in glycerin, which I had prepared in order to 
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extract the pleasant odor of its essential oil. The vial con- 
taining the bark and glycerin, when looked at askance, emits 
a rich, bluish shimmer. On comparing a decoction of the 
bark of this shrub with that of sculus, or buckeye, by con- 
centrating the sun’s rays with a lens into a cone of light 
passing through the liquids, I discovered that the Calycan- 
thus decoction is strikingly superior in intensity and purity 
of blue color in the fluorescing cone to the sculus decoc- 
tion (Robert Toombs, M.D., Washington, Georgia). 

The Effect of Frost on Chlorophyl Granules. 

Haberlandt states that the granules, except in evergreens, 
undergo changes at 4° to 6°C. The granules thus affected 
contain cavities (vacuoles), become rent on the outside, and 
aggregate into larger or smaller masses. The granules which 
contain starch are more easily destroyed by frost than those 
which contain none. The chlorophyll in the palisade tissue 
(the denser parenchyma) is more easily injured than in the 
spongy tissue, and the latter than in the guardian cells of the 
stomata (Natur alist, March, 1877). 

Effect of Frost on Evergreen Leaves. 

This is the question which M. Mer has been striving to 
answer; and from his paper in the Bulletin of the Botanical 
Society of France we gather that in some cases, as in ivy, 
the leaves may exist on the reserve stores accumulated in the 
stem without themselves assimilating any food from the air. 
In other cases they form starch in their tissues; and if this 
be not always readily found, the explanation is to be sought 
in the circumstance that it is transferred to the store-cells in 
the stem as soon as formed. M. Mer divides the tissues of 
the leaf into two groups, the office of the one being to as- 
similate, that of the other to store the food formed by the 
former. 

The Wood-Oil Tree. 

According to a recent report from Chittagong, it seems 
that there is great danger of the wood-oil or gurjun-oil trees 
(Dipterocarpus tur binatus) becoming, in course of time, ex- 
terminated. These gurjun-oil forests are described as occu- 
pying the outer hills from one end of the hill tracts to the 
other; and this distribution is so marked that this class of 
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forest hardly ever appears beyond the first water-shed run- 
ning from the north to the south. The chief tree here is the 
wood-oil tree, which grows to an immense size. The oil is 
obtained by incisions made in the trunk two or three feet 
from the ground; and these trees are charred periodically by 
fire, so as to induce the oil to flow more freely. Besides the 
oil, the timber is very valuable for planking and boat-build- 
ing (Gardeners Chron., August 25, 1877). 

Cyperus Esculentus. 

Some members of the Central Horticultural Society of 
France are engaged on some cultural and applicatory ex- 
periments with Cyperus esculentus —a sedge having edible, 
tuberous roots. Some cakes, and a preparation of a kind of 
orgeat from the tubers, were declared by the society to be 
excellent; and further experiments were recommended. It 
had been objected that the cultivation of this plant in the 
climate of Paris would often prove unprofitable, because it 
is very susceptible to frosts, and the tubers are destroyed 
by comparatively slight frosts; but by the method of culti- 
vation found most successful this is of little consequence, as 
the sowing or planting is done in May, and the season for 
lifting and using the tubers commences in August and ter- 
minates in October. The following analysis of the compo- 
sition of the tubers is interesting, though it does not appear 
probable that the products of this plant will ever be of suffi- 
cient quantity to become of real commercial importance : 
In 100 parts there are 7.10 of water, 28.06 of oil, 29 of starch, 
14.07 of erystallizable sugar, 0.87 of albumen, 14.01 of cellu- 
lose, and 6.89 of gum, coloring matter, and salts. 

The Prickly Pear. 

The Mexicans prepare a cooling drink called colindre from 
this plant; and the French, in various parts of America, 
make very pretty ornamental vases and flower-trays out of 
the net-work found in its stems. I have often eaten the 
fruit in America; and an American gentleman, a good bota- 
nist, told me that he had seen the plant growing in lava at 
the foot of Mount Etna when he visited Europe. The In- 
dians of Florida used to live upon its fruit for three months 
in the year, and settlers in California think it is invaluable as 
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a fence. They plant three rows of it close together, and defy 
any mortal animal to break through (H. E. Watney in Gar- 
deners’ Chron.). 

Poisonous Grasses. 

In the September number of Trimen’s Journal of Botany 
there is an interesting note by Dr. Hance on Intoxicating 
Grasses, which supplements a previous article on the same 
subject. A grass was sent by Dr. Aitchison from Cashmere, 
which Professor Dyer determines as Stipa Sibirica, Munro. 
Concerning this grass Dr. Aitchison writes (date of August 
4, 1875): “I have just been collecting some good specimens 
of a grass that is extremely common near Gulmuz, It grows 
in large tussocks, and is very poisonous to horses and cattle. 
The cattle are too knowing, and will not eat it. Horses from 
the plains do eat it, and die from its effects; but if quickly 
treated, recover. They become comatose and lose the power 
of their limbs. It grows in the Scinde valley also. While 
there I heard of it and the cure—viz., smoking them, by 
making a large fire and keeping the horse’s head in the 
smoke. The nose commences to run first; and if it does so 
freely, the beast is safe. The natives also say that if a cow 
eats it they give acid, unripe apricots, or any vinegar, which 
aids the recovery. A large number of the horses this year 
at Gulmuz were poisoned by it; none died, as all smoked their 
horses.” In Dr. Hance’s previous article mention was made 
of a statement by a French missionary which is materially 
identical with the above. Professor Dyer suggests in a note 
to Dr. Hance that the Stipas may be only mechanically poi- 
sonous, like Hordeum pratense ; but Dr. Hance adds that 
though it is indisputable that various grasses in Europe and 
Australia cause injury or death to cattle from their irritant 
properties, the special symptoms in the case of the Stipa and 
in Melica seem opposed to such a supposition. “ In a recently 
published translation of Przewalski’s ‘ Travels’ the Alaskan 
poisonous grass is said to be a species of Loliwm,; and it is 
added that the native herds carefully avoid eating it” (WVat- 
uralist, November, 1877). 

History and Uses of Jaborandi. 

The Bulletin of the French Society for Acclimatization for 
October contains a long account of the history and uses of 
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the true jaborandi, Pilocarpus pinnatus. It appears that its 
introduction, or rather reintroduction, is due to a Brazilian 
(Dr. Continho), who brought some leaves of it for his per- 
sonal use about two years ago. He attended Professor Gub- 
ler’s lectures; and, when speaking of sudorifics, the learned 
professor of the faculty of medicine observed that no drug in 
use really deserved the name. This statement induced Dr, 
Continho to bring the jaborandi into notice. The report in 
the publication referred to is a lengthy one, giving the re- 
sults of the most important experiments made with this drug 
by eminent physicians. The physiological action of infusions, 
chemical composition, and the physiological action of the 
peculiar alkaloid pilocarpine are detailed. LP. simplex gave 
similar results. It is not only a powerful sudorific, but an 
equally active sialogue. 

Vegetable ** Eider-Down.” 

In the British Jowrnal of Botany for July, 1877, is the fol- 
lowing extract from a letter of the Rev. James Graves, Secre- 
tary to the Royal Irish Archeological Association, to Profess- 
or Babington: “ Mrs. Graves bought a so-called eider-down 
quilt the other day. On opening it, the down was found to 
be as the sample enclosed. Is not this the down of the cot- 
ton-rush, so conspicuous in our bogs?” In answer Professor 
Babington says: “It is certainly the down of Eriophorum ; 
but I have not determined which species — nor does it much 
matter, since any would do as well, or rather ill, in place of 
eider-down.” In this connection may be mentioned a sub- 
stance found in the head-dress of a Sandwich-Islander, now 
in the museum of the Peabody Academy of Salem, which re- 
sembled a filiform sponge, and was sent to Professor A. Hyatt 
for determination. It proved to be merely the pith of some 
species of Juncus, a curious ornament for a head-dress. 

Charcoal for Gunpowder. 

The large consumption of dog- wood for this purpose of 
late years in Europe has produced a scarcity of this material. 
The Royal Gunpowder Factory at Waltham Abbey appears 
to have drawn its supplies of Lhamnus frangula wood from 
Germany, though it might be grown in England on the cop- 
pice system with the greatest ease. A substitute has, how- 
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ever, been proposed, and a specimen of the wood was sent to 
Kew for identification. It was determined to be hornbeam 
(Carpinus betulus), which has been, at any rate formerly, 
employed for gunpowder manufacture at Berne (Rep. Kew 
Gardens). 

Homogone and Heterogone or Homogonous and Heterogonous 
Flowers. 

That difference in relative length or height of stamens and 
style, reciprocally, which in Torrey and Gray’s “ Flora of 
North America” was very long ago designated by the term 
diceco-dimorphism, Mr. Darwin (who detected and has made 
much of the meaning of the arrangement) called simply di- 
morphism. Besides these dimorphic, he also brought to view 
trimorphic flowers. The first name is too long for use, and ear- 
ries with it some ambiguity, since it may imply a separation 
as well as a diversification of the sexes. Mr. Darwin’s term 
has the disadvantage of not indicating what parts of the blos- 
som are dimorphic (hermaphrodite flowers may be dimor- 
phous in the perigonium); and a more generic name is now 
required on account of trimorphic, etc. This has been sup- 
plied by Hildebrandt in Germany, who has introduced the 
term heterostyled and the counterpart homostyled. These are 
not particularly happy appellations; for the difference is in 
the stamens as well as in the pistil, and in the latter is not 
always restricted to the style. Well-estabiished terms ought 
not to be superseded on the ground of improvement; but 
those which have not yet taken root sometimes may be. 
Following the analogy of perigonium or perigone, I propose 
the more exactly expressive term of heterogone (or heterogo- 
nous) for these flowers, such as those of Primula, Houstonia, 
Lythrum, ete. The counterpart homogone (or homogonous) 
would designate the absence of this kind of differentiation. 
These terms, either in Latin or English form, would work 
well in generic or specific characters, and have the advan- 
tage of etymological correctness (Asa Gray in American 
Naturalist). : 

Three Feet of Fern-Spores. 

Bureau and Poisson have examined a substance found in 
large quantities in a cave at Reunion Island. The cave is 
ten meters in depth by six meters square, and is covered to 
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a depth of more than a meter by a yellow, soft, insipid, ino- 
dorous substance, which crumbles under the fingers to an 
impalpable powder. The dry powder burns without flame 
or odor, but when moistened gives off during combustion 
much smoke and odor of a burning plant. By exclusion they 
have decided that this matter consists of the spores of species 
of ferns, probably Polypodiacee. 'The spores are not those 
of Lycopodiacee, according to the writers; but they have 
the shape, markings, and color of the spores of the Polypo- 
diacee, with large fronds now occurring on the island (JVat- 
uralist, May, 1877). 

Vegetable Poisons of Samoa. 

The vegetable poisons used by the Samoa-Islanders to coat 
their spears and arrows formed the subject of a paper by the 
Rev. Thomas Powell, read at the Linnzan Society, March 
15. It is stated that human thigh-bones are used to tip the 
weapons. ‘These latter are dipped into a composite material 
the chief poisonous ingredient of which is a milky juice from 
several trees, among others Calophyllum inophyllum. To this 
is added a substance got from wasps’ nests, and also the fluid 
derived from putrescent sea-cucumbers (/Zolothuria). After 
dipping, the arrows are smoked in a kind of kiln, and stuck 
into the flower-stalk of a species of Zacca. Thus preserved 
from damp, they are laid aside ready for use as occasion may 
arise. The poison, it is said, brings on convulsions and teta- 
nus, and death follows; though occasionally only irritating 
wounds arise. Berthold Seemann, in his “ Flora Vitiensis,” 
has already described certain trees said to yield poisonous 
extracts, and these somewhat agree with this later account. 
There are others, however, that are dubious as to the viru- 
lent effects that may arise from the said poisoned weapons 
( Gardeners’ Chron., March, 24, 1877). 

Sarracenia Variolaris. 

In 1874 I prepared notes on S. variolaris, in which it was 
stated, as one of the conclusions reached, that the sweet 
secretion at the mouth of the tubes was simply a lure to in- 
sects, and not stupefying or intoxicating, as had been sup- 
posed. Last year, having read an interesting article on this 
subject, in which the writer arrived at conclusions directly 
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opposed to my own, I was curious to discover whether I had 
committed any error; but it was too late at that season to 
repeat former experiments. 

On the 15th of this month, therefore, I procured, about 
midday, from a neighboring pine barren a number of leaves 
of this plant which were brilliantly colored and secreting 
freely. While still fresh, the upper portions of these leaves 
were cut off and slit open, thereby exposing the honeyed 
secretion on the internal surface, which was very abundant 
and glistening, sweet to the taste and viscid to the touch. 
These were then flattened out on a large newspaper, the 
whole surface of which was covered with them. Many honse- 
flies were soon attracted and commenced to feed, and I care- 
fully watched their motions without any interruption for the 
space of one hour. The result was precisely as previously 
stated. In no instance did I discover the slightest unsteadi- 
ness or tottering in any of the flies, although I watched some 
of them feeding at one spot for at least ten minutes, at the 
expiration of which time they flew off, apparently unhurt. 
They continued feeding and flying off from the leaves during 
the hour I watched them, and certainly not one fell, nor was 
there any indication at any time of either stupor or intoxt- 
cation. 

These experiments I repeated in the same way on the 25th 
(but later in the day), and as carefully as on the previous 
occasion, and with precisely the same results; also on the 
next morning (26th) with plants which had been collected 
the day before, and these seemed to secrete still more freely. 
I ask, therefore, if flies and other insects are indeed intoxi- 
cated from eating the honey when they are within the tube, 
why should not the same intoxication result when the tubes 
are opened and flattened out? I conclude, then (as I did be- 
fore), that it is only the peculiar conformation of the leaf in 
its overhanging hood and internal slippery surface which en- 
traps and finally destroys insects, and that the sweet exuda- 
tion is only a lure, and not intoxicating in any way. I may 
remark that after flies and other insects slip and stumble, if 
they were indeed intoxicated or stupefied, it seems likely that 
they would remain at the lower portion of the leaf, and that 
their motions would be feeble and sluggish. On the con- 
trary, their efforts for escape are most active and vigorous, 
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the flies flying and buzzing continually, and other insects in- 
cessantly climbing and falling back. It is only after being 
exhausted by their efforts that they eventually get slimed 
by the liquid at the base of the leaf, and stupor then over- 
takes them. 

I have seen ants, and occasionally flies also, fall immedi- 
ately as they entered the leaves before they could have eaten 
honey. 

I remark, further, that if this sweet internal secretion be 
stupefying, that outside on the wing (the “trail’”) must be 
equally so, and therefore insects ought to be found at the 
base of the leaves on the ground. I have never myself seen 
such, nor have I ever heard of any other persons observing 
dead or intoxicated insects outside (J. H. Mellichamp, Bluff 
ton, 8.C., in American Naturalist). 

Fertilization of Gentiana Andrewsii. 

Humble-bees are in the habit of entering bodily into the 
flower of this gentian, forcing open the mouth of the corolla 
to do so where this is closed (as it is in the absence of sun- 
shine), and the anthers open before the stigmas separate to 
expose the pollen-receiving surface; so it is evident that 
cross - fertilization is provided for. Our correspondent, Mr. 
M. W. Vandenberg, of Fort Edward, N. Y., communicates the 
result of some observations which show that this flower has 
likewise an arrangement for self-fertilization. The short tube 
of cohering and extrorsely opening anthers is higher than the 
stigma when the blossom first opens. The pistil afterwards 
lengthens, so that its apex protrudes; the broad and introrse 
stigmas now separate, at first moderately, but at length they 
diverge strongly and become revolute, so as to bring a por- 
tion of the broad stigmatic surface into contact with the 
outer face of the anther tube, which usually is still covered 
with abundance of pollen. The pollen appears to retain its 
freshness for a long time, and in this slow movement of revo- 
lution of the stigmas they are seen to take up considerable 
masses of the moist pollen. Those stigmas, therefore, which 
have failed to receive extraneous pollen from bees during 
the first day or two of anthesis will afterwards secure it 
from their own anthers. “ Get fertilized—cross-fertilized if 
you can, self-fertilized if you must—is nature’s golden rule 
for flowers” (A. Gray, in American Naturalist). 



AGRICULTURE AND RURAL ECONOMY. 

By Professor W. 0. ATWATER, 

WESLEYAN University, MippLeTown, Conn. 

The year 1877 has been remarkable for the manifestations 
of increased interest in the study and the practical applica- 
tions of agricultural science. A report of progress in this 
direction will most properly begin with the agricultural ex- 
periment stations, from which by far the largest part of the 
investigations come. 

AGRICULTURAL EXPERIMENT STATIONS. 

Growth of the Experiment Stations. 

The twenty-fifth anniversary of the founding of the first Eu- 
ropean station was held at the parent institution in Moeckern 
September 15, 1877. The reports and statistics prepared for 
this meeting furnish a proof as cheering as it 1s convincing 
that agriculture is gradually coming into line with the other 
arts and industries in the march of modern progress, and 
making use of its share of the benefits of science. 

The first agricultural experiment station was established in 
1852, by some progressive farmers, at Moeckern, near Leip- 
sic, in Saxony. There are to-day no less than 119 regular- 
ly organized agricultural experiment stations in the different 
countries of Europe—Portugal, Greece, and Turkey being the 
only ones without them. 

The rate of progress of the experiment-station idea will 
appear from the following figures, which show the number 
founded each year since 1852: 

WD.» « de 21s i is ee 2 US6GF xsi 4 IS 72ea nae 12 
ee 1 1SGL>%....« + BOUT Js aes 1 1875 aoe 6 
ODDS. 2. 1 TSO2 ss. 1 LS687.N4- 2 18722. cee 8 
HG56...'.... 3 RSbare..c« 5 ESCO 252. 5 18% 5sieee 14 
ae 6 Lc ee 6 io UB ane f 1876522 7 
HOGO.....- 1 FSGS. 62. + pai ie hae 7 1877 ous 20 

The number thus given is 127. To these should be added 
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6, the exact dates-of whose founding it is not easy to find, 
making 133 in all. Of these, 14 have been discontinued or 
replaced by others, leaving 119 in actual operation. 

These stations are distributed among the countries of Eu- 
rope as follows: | 

ee ee 29 Austro-Hungary. ...«.0.+ ss 13 
ee SS ee 12 Italy... 2... eugene ope eee 
RUEESEMNG EL as sels nie oe d's ho oe 6 Sweden s.. 72276 26-2 + see 7 
0 See 3 Russia... 2205 ued etee eee 3 
PV MPECMIDOND, oo. cel ese seme 2 Bel giv. 5:.:-.2 «.s.<\ehe 5 
2 ee 2 Switzerland... ...s.0eeeme 3 
Other German states........ 12 Other European countries... 8 

Total in Germany....... 66 Total in Europe. ...... 119 

Besides these 119 regularly organized stations, there are 
not far from 50 laboratories and other institutions, mostly 
counected with universities and agricultural schools, and 
devoted to agricultural researches. There are, for instance, 
some 20 such establishments in France, as many more in Ger- 
many, anumber in Russia, and so on. 

Resources, Appliances, and Work of the Experiment Stations. 

The work of the stations is varied. Each one has usually 
a specialty, though in many, indeed, the majority of cases, 
one will follow several lines of investigation. Of the branches 
of mere purely scientific experimenting, 16 European stations 
are engaged in investigations of soils, 24 in experiments on 
culture and manuring, 13 in grape-growing and wine-making, 
3 in orchard-culture, 1 in olive-culture, 9 in forestry, and 2 
in reclaiming marshes and moors. Researches upon vege- 
table physiology are carried on in 28 ; upon diseases of plants 
in 11; upon animal physiology, feeding of domestic animals, 
etc., in 20; upon questions connected with dairying in 11; 
silk production in 6; agricultural technology in 43; sugar 
industry in 3; manufacture of alcoholic liquors in 4; and 
chemical technology in 22. Among the exclusively practi- 
cal forms of work 54 exercise a control over the sale of fer- 
tilizers, 38 over the sale of feeding-materials, and 44 over the 
sale of seeds. 

For appliances each station has, first of all, a chemical lab- 
oratory. In addition, a few have farms, experimental fields, 
or gardens. More have stables for cattle, or greenhouses for 
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plants, under experiment. Most of the larger and more suc- 
cessful ones are connected with universities or agricultural 
schools, whose advantages are found of much more practical 
utility than those of isolated far ms. 

The working force of each station consists of a director, 
who is very often professor in a university or school, and 
usually one to three or four skilled chemists as assistants, 
besides sometimes a farm superintendent and servants. 

The support of the stations comes from government appro- 
priations, from contributions from agricultural societies, cor- 
porations, schools, and individuals, and from analyses of fer- 
tilizers, feeding-materials, etc. The revenues of the German 
stations average some $2375 per annum, of which about 52 
per cent. comes from governments, 17 per cent. from agricult- 

ural societies, corporations, and private individuals, and the 
rest from analyses. The largest government appropriation 
to any one station is $3750. The largest total revenue is 
$7900; the smallest, $600. 
A report prepared for the anniversary at Moeckern, above 

mentioned, and giving statistics of the stations during the 
first twenty-five years of their existence, forms an octavo 
volume of 449 pages. <A bare outline of the organization, 
equipment, and kind of work of each station occupies 140 
pages. No less than 152 pages are filled with the mere titles 
of their investigations. 

In short, there are to-day in Europe over 170 institutions, 
in which not less than 250 chemists and physiologists are de- 
voting their labor to scientific researches for the benefit of 
farming. Such is the picture of the present status of agri- 
cultural investigation in Europe. 

Experiment stations in the United States are still in their 
infancy, but promise a brilliant future. Only two have as 
yet been successfully inaugurated — one in Connecticut and 
one in North Carolina. Efforts are in progress, however, 
to secure the establishment of stations in a number of other 

states. Several of our leading universities, agricultural 
schools, and bureaus and boards of agriculture have been 
doing excellent work in this direction, notably the Bussey 
Institution of Harvard University, the Georgia Bureau of 
Agriculture, and various others. 
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THE ATMOSPHERE AS RELATED TO VEGETATION. 

Nitrogen Compounds Brought to Soil by Snow. 

Messrs. Ballart and Comstock report some determinations 
of the amounts of nitrogen compounds in snow, conduct- 
ed under the direction of Professor Perkins, of Union Col- 
lege. Three samples of fresh snow gave, on the average, in 
100,000 parts by weight, 0.0465 part of ammonia, and 0.041 
part of organic nitrogen. From these figures the total amount 
of ammonia and of organic nitrogen to the acre for each inch 
of water (that is, melted snow) is found to be—ammonia, 
0.1055 pound; organic nitrogen, 0.093 pound. 

Using as a basis the observations at the Dudley Observa- 
tory, according to which the total snowfall last winter (No- 
vember 1, 1876, to March 31, 1877) was five feet eight inches, 
and reckoning ten inches of snow equal to one inch of water, 
the authors calculate that in this winter’s snowfall “there 
could not have been more than 0.69419 pound of ammonia 
and 0.61194 pound of organic nitrogen to the acre. This 
shows that though snow may be a great protective to the 
ground, still it does not act asa very powerful or rich ma- 
nure. 

Influence of Forests upon Rainfall and Temperature. 

Fautrat has continued his observations upon the tempera- 
ture, the hygroscopic condition of the atmosphere, and the 
rainfall over forests, as compared with those over adjoin- 
ing open territory, noting at the same time the amounts of 
water in the soils. He had previously found more moisture 
and more rainfall over a forest of deciduous trees than over 
open land. The amount of water received by the forest soil 
was less, however, because the trees kept part of the rain 
from reaching it. But, on the other hand, the tree-covering 
so diminished the evaporation from the forest soil that the 
latter retained much more water than did the open land. 
Similar observations have since been made upon forests of 
evergreen trees and adjoining open land. The results are 
similar in kind to those with deciduous trees, but more mark- 
ed. The rainfall over a pine forest was, on the average, 10 
per cent.,and that over a forest of oak and beech 5 per cent. 
more than over adjoining open fields. The total rainfall 
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| over the pine forest during fourteen months was 33.1 inches; 
that over a sandy plain, at a distance of 1.9 miles, only 29.9. | 
Of that which fell on the forest only 18.6 inches reached | 
the ground. But through the influence of the trees, moss, | 
and fallen leaves, the evaporation was so decreased that the 
forest soil retained a good deal more of the rainfall than 
the open lands. Among the important general inferences 
from these observations are that forests (1) tend to equalize 
extremes of temperature; (2) act as condensers of atmos- 
pheric moisture, and hence (3) increase deposition of dew 
on neighboring lands and (4) attract more rainfall; (5) pre- 
vent part of this from reaching the soil; (6) enable the soil 
to retain much better what it does get, so that it has more 
for future supply of springs and streams than the open land, 
(7) and thus tend to prevent both floods and drouth, These 
conclusions apply with especial force to evergreen forests. 
The economy of nature in covering sandy and calcareous 
regions with forests of pine thus becomes clearly apparent. 

THE SOIL IN ITS RELATIONS TO VEGETABLE PRODUCTION. 

Agricultural Geology. 

The science of agricultural geology, or, as some of its fol- 
lowers prefer to term it, geognosy, has received a new impe- 
tus in the researches and publications of Professor Orth, of the 
Agricultural Institute of the University of Berlin. Besides 
his valuable prize essay (“Die Geognostisch-Agronomische 
Kartirung”) Professor Orth has lately published a series of 
six charts, each giving six diagrams in profile of the charac- 
teristic sedimentary soils of North Germany. They show the 
different strata of surface- and sub-soil, their thickness and 
other characters, down to a depth of three meters—about ten 
feet. These, with the investigations upon which they are 
based, illustrate most forcibly how incomplete a measure of 
the value of a soil can be furnished by chemical analysis alone, | 
and how extended studies and observations are necessary to 

_a full knowledge of the factors that decide its fertility. 

New Jersey Marls. 

The annual report of the New Jersey Board of Agricult- 
ure for 1876 devotes some eighty-four pages to a descrip- 
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tion of the geological characteristics, chemical composition, 
and agricultural uses of the marls of that state. The gen- 
eral conclusions as to the agricultural value of the greensand 
marls which are the most important are, in substance, that 
(1) those containing the largest percentage of phosphoric acid 
are the most valuable; (2) those rich in carbonate of lime 
are the most durable; (3) the potash in them has but very 
little, if any, present value, it being combined with silica, 
and hence insoluble; (4) the greensands, containing but lit- 
tle of either phosphoric acid or carbonate of lime, become 
active fertilizers when composted with quicklime; (5) the 
injurious effect of sulphate of iron in the marls can be coun- 
teracted by composting with lime; (6) the crops particu- 
larly improved by them are all forage crops (grass, clover, 
etc.), potatoes, buckwheat, wheat, rye, oats, and corn. The 
Tertiary and calcareous marls seem to be very useful, but 
less so than the greensand. 

Percolation of Water through the Soil, and Consequent Loss of 
Plant-Food. 

The Scientific Kurmer reports some very interesting and 
instructive experiments by Dr. Sturtevant on the relation 
between the amount of water which falls in rain and that 
which percolates through the soil. These are made by means 
of a lysimeter with an area of one five-thousandth of an acre, 
on the plan of those performed at Rothamstead, in England, 
and other places in Europe. The soil was a gravelly loam. 
The total rainfall during the year 1876 was 43.88 inches, of 
which only 4.76 inches leached through to a depth of twenty- 
five inches. That is to say, only 11 per cent. of the total 
amount of water which fell percolated to this depth; while 
in European experiments (under varying conditions of soil- 
depths at which tests were made, etc.) the percentage of per- 
colation varied from 20 to 42.5 per cent. Dr. Sturtevant 
infers that the waste of fertilizing elements from New Eng- 
land soils by drainage must be much less than in England. 

Loss of Plant-Food through Rivers. 

Breitenlohner and Harlacher calculate that the river Elbe, 
which takes up all the Bohemian rivers, and carries off five 
milliards of cubic meters of water per annum, takes with this 
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455,950 tons of suspended matters and 518,900 tons of dis- 
solved matters—making, in all, 974,850 tons. This includes 
some 117,000 tons of lime, 23,440 tons of magnesia, 45,430 
tons of potash, 33,000 tons of soda, 21,100 tons of chloride of 
sodium, 38,080 tons of sulphuric acid, and 1250 tons of phos- 
phoric acid (Dingl. Polyt. Journal, cexxiii., 328). 

Soil- Absorption. 

One of the most important factors of the fertility of soils is 
their faculty of absorbing the ingredients of plant-food from 
their solutions, and retaining them for the use of plants. In 
a new work by Detmer on soils (“ Die Naturwissenschaft- 
lichen Grundlagen der Bodenkunde”), 60 pages, and in Thiel’s 
“ Landwirthschaftliches Conversations- Lexikon” (Agricul- 
tural Encyclopedia) now being issued, 12 pages, are devoted 
to the discussion of this subject. Detmer gives conclusions 
essentially as follows: 

1, Ammonia, potash, lime, magnesia, sulphuric acid, silica, 
and phosphoric acid may be absorbed by soils. Nitric acid 
and chlorine are not absorbed to notable extent. 

2. When these substances are supplied in the tree state to 
a soil, they enter into combination with itsingredients. When 
a base is absorbed by the soil, from a salt in solution, an equiy- 
alent amount of another base leaves the soil, and goes into the 
solution. 

3. The soil absorbs a given ingredient of a salt most ener- 
getically when the other ingredients of the salt are at the 
same time recombined. 

4, From very dilute solutions nothing is absorbed. 
5. The time of contact between soil and solution does not 

essentially affect the amount of absorption. 
6. The absorption is increased by heat, and is peculiarly 

affected by the amount of soil and the amount and concen- 
tration of the solution. Nos. 4 and 6 refer more especially 
to the observations made in laboratory experiments. 

Heiden, the author of the article on Absorption in the 
Encyclopedia referred to, who has himself made a good 
many experiments upon the subject, arrives at conclu- 
sions not widely different from those of Detmer. He 
shows, however, that the absorption of sulphuric acid is 
very slight. 
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As to the question in how far the elements that have been 
absorbed by the soil may be redissolved and carried away 
again, Heiden states— 

(1) As to bases. The bases do not become entirely in- 
soluble by absorption, but the amount of water required to 
redissolve them is far greater than that in which they were 
originally dissolved. The force with which the soil holds 
the absorbed base is far greater than that which the water 
can exert to remove it. 

(2) As to acids. Phosphoric and silicic acids are, like the 
bases, redissolved to slight extent, but require for this pur- 
pose very large quantities of water. Sulphuric acid is ab- 
sorbed but little; nitric acid and chlorine scarcely at all; 
and all three, but especially the two latter, are very easily 
removed from soils by water. 

The Causes of Soil-Absorption 

Have been muclt discussed and experimented upon. The 
main questions in dispute are as to how far they are physi- 
cal, dependent upon surface attraction; how far they are 
chemical, due to chemical combination; and what ingredi- 
ents of the soil and what special circumstances decide the 
absorption. The absorption of phosphoric acid seems to be 
a chemical process dependent upon its combination with 
lime and magnesia, and more especially with iron and alu- 
mina. ‘The absorption of silica seems likewise to be due to 
chemical combination, particularly with lime and alumina, 
to be decreased by humus, and hence greatest in soils con- 
taining little organic matter. 

The Absorption of Bases by the Soil 

Has been lately studied by H. P. Armsby, with a view to 
gain light upon the question as to how far this is due to 
chemical and how far to physical causes. The view that 
the prime cause of the absorption is a physical one—surface 
attraction—has been held by several experimenters, as Lie- 
big, Henneberg and Stohmann, Peters, and Brustlein; while 
the investigations of Way, Eichhorn, Rautenberg, Heiden, 
Knop, Warrington, and Pilitz show clearly that chemical 
changes are involved. The prevailing opinion has been that 
these chemical changes consist mainly in the exchange of 
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bases of hydrous silicates in the soil for the base absorbed 
from the solution, though several have considered that the 
oxides of iron and alumina, and some organic compounds, 
play a very important role. Armsby concludes from two 
series of experiments, one with soils and the other with hy- 
drous silicates, that “the absorption of combined bases by 
the soil consists in an exchange of bases between the salt 
and the hydrous silicates of the soil; and that this exchange, 
which is primarily chemical, is only partial, its extent vary- 
ing—lIst, with the concentration of the solution; 2d, with 
the ratio between the volume of the solution and the quan- 
tity of the soil used.” 

“The cause of these variations is probably the ‘action of 
mass,’ or the tendency of the resulting compounds to re-form 
the original bodies, the absorption actually found in any 
case marking the point where the two forces are in equilib- 
rium” (Am. Jour. Scei., XIV, 1877, p. 25). 

On the whole, the results of later investigation seem to 
lead towards the conclusion that the cause of the absorption 
of acids is mainly, if not entirely, chemical; that of bases, 
partly physical but chiefly chemical. 

Oxidation of Nitrogen Compounds in the Soil. 

To test the action of organized ferments upon the oxida- 
tion of nitrogenous compounds, Schloessing and Miintz filled 
a wide glass tube, a meter in length, with ignited sand mix- 
ed with 100 grams of powdered chalk. The mixture in the 
tube was watered every day with a fixed quantity of sewage. 
After twenty days nitric acid appeared in the water flowing 
from the bottom of the tube, and increased rapidly until the 
last trace of ammonia disappeared. After four months chlo- 
roform was passed through the tube to kill the ferments. 
The formation of nitric acid ceased at once, and did not be- 

gin again until fresh germs, obtained from land possessed of 
marked nitrifying properties, were sown in the sand. It is 
thus shown that nitrification may be caused by organized 
ferments; and that a sandy and barren soil, if it contain 
enough lime to neutralize the nitric acid, may serve admira- 
bly for the purification of sewage. 
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SOURCES AND FUNCTIONS OF INGREDIENTS OF PLANT- 
FOOD. 

The Sources of the Nitrogen of Vegetation. 

An address “ On Some Points in Connection with Vegeta- 
tion,” delivered at South Kensington by Dr. J. H. Gilbert, 
has been reprinted in the American Journal of Science (vol. 
Xlll., pp. 20-32, 99-111, 181-195). This treats of the subject 
of the nitrogen of vegetation in general, and of agricult- 
ural production in particular, especially as viewed in the 
light of the results of the well-known experiments at Roth- 
amstead, England, in which Dr. Gilbert has, in connection 
with Mr. J. B. Lawes, been engaged for some thirty-three 
years or more. As a summarizing of those results, by them- 
selves and in comparison with those of other experimenters, 
it forms a most valuable contribution to our still extremely 
incomplete knowledge of the ways of supply of nitrogen to 
crops, and will form a convenient basis for our résumé of 
this topic. 

Sources of Nitrogen Removed from the Soil by Crops without 
Nitrogenous Manure. 

Crops grown on soils to which no nitrogen is applied in 
manure remove considerable nitrogen. This nitrogen may 
be accounted for by (1) the combined nitrogen coming down 
in rain, snow, etc., which does not exceed eight or ten pounds 
per acre yearly where observations have been made; (2) the 
condensation of ammonia of the air within the pores,of the 
soil; and (3) previous accumulations within the soil. 

Whether the excess of nitrogen taken by the plant over 
and above what is brought to the soil by atmospheric pre- 
cipitation, condensation of ammonia by the soil, etc., comes 
entirely from the previous stores in the soil; or whether, 
and in how far, it is otherwise supplied —7Z. e., through as- 
similation of atmospheric nitrogen by plants and soils—is a 
much-vexed question, on which the summarizing of the re- 
sults of Messrs. Lawes and Gilbert’s experiments throws a 
good deal of light. Certain it is that as crops are removed 
year after year their amounts decrease, and that at the same 
time the store of nitrogen in the soil diminishes wherever 
accurate tests have been made. In the Rothamstead ex- 
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periments it is noticeable that the “root crops ”—turnips 
and sugar-beets—fell away more in their yield, and exhaust- 
ed the nitrogen of at least the superficial layers of the soil, 
more than the gramineous crops wheat and barley, and, in- 
deed, more than any other crop. 

Leguminous Crops and Soil Nitrogen. 

Referring to the fact that leguminous crops contain much 
more nitrogen than gramineous crops, Dr. Gilbert says that 
“we have no evidence leading to the conclusion that this 
increased assimilation [of nitrogen] is done at the expense 
of the nitrogen of the soil.” On the other hand, after taking 
away so much more nitrogen than other crops, they leave a 
e@ood deal more behind. In discussing the well-known fact 
that leguminous crops receive less benefit than others from 
nitrogenous manures, he cites the results of a number of com- 
parative soil-analyses after clover and after barley. These 
“all concurred in showing an appreciably higher percentage 
of nitrogen, especially in the surface soil (nine inches deep) 
of the land from which the clover had been removed than 
that from which the barley had been taken; and this was 
so, although in every case all visible vegetable débris had 
been carefully picked out. Here, then, the surface soil, at 
any rate, was positively enriched in nitrogen by the removal 
of a very highly nitrogenous crop.” 

Assimilation of Nitrogen by Leguminous Crops Aided by Potassic 
, Fertilizers. 

In experiments on the mixed herbage of grass land con- 
tinuing through twenty years, ‘“‘complex mineral manure ” 
without potash increased the yield over unmanured plots 41 
per cent.; the same with potash*increased it 67 per cent. 
The extra increase with potash was due almost entirely to 
leguminous plants which the potash brought in. The aver- 
age annual yield of nitrogen per acre without potash was 
38.1 pounds, with potash 56 pounds. Dr. Gilbert concludes 
that “mineral manures, and especially potassic manures, in- 
crease in a striking degree the growth of crops of the le- 
euminous family grown separately, and coincidently the 
amount of nitrogen they assimilate over a given area.” 
We may add that this observation, which is well substan- 
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tiated by the Rothamstead experiments, is quite in accords 
ance with the fact that, as considerable experience has shown, 
the German potash salts are particularly useful for clover, 
beans, vetches, and other leguminous crops. 

Is the Free Nitrogen of the Air a Source of the Nitrogen Assimi- 
lated by Plants? 

The theory that plants can directly assimilate the free 
nitrogen of the air was long since disposed of by the experi- 
ments of Lawes and Gilbert, and of Boussingault. It has 
still been maintained that free nitrogen could be oxidized 
by the aid of ozone, and the resulting compounds direct- 
ly absorbed by plants. Six methods for this oxidation of 
nitrogen have been alleged: (1) by ozone assumed to be 
evolved by plants; (2) by contact of nitrogen with bodies 
undergoing oxidation; (3) during electrical discharges in the 
air; (4) the combining of ozone with nitrogen in the pres- 
ence of water; (5) the same in presence of bases, as alkalies, 
lime, baryta, etc. ; and (6) through evaporation and conden- 
sation of water in presence of air. Ville supposes that ozone 
is evolved by plants and combines with nitrogen in solution 
in their juices. It has been quite generally assumed that 
nitrogen outside the plant tissues could be oxidized by ozone 
exhaled by the plant and then absorbed by the leaves. 
From experiments at Rothamstead, as well as from those 
of Boussingault, Dr. Gilbert strongly doubts both the above 
assumptions, and adds that “whether such actions take 
place or not, it is at any rate certain that in our own experi- 
ments we have not been able to persuade plants to avail 
themselves of this happy faculty of producing their own 
nitrogenous food.” 

E. M. Dixon, in a “ Report to the Philosophical Society of 
Glasgow on the Production of Nitric Acid from the Free 
Nitrogen of the Air,” doubts whether the nitrogen is oxid- 
ized by ozone in presence of bodies undergoing oxidation— 
method (2) above—and as good as denies nitrification by 
ozone in presence of water (4). Concerning the theory of 
the formation of nitrite of ammonia (6) claimed by Schon- 
bein to be established by his experiments, and to explain 
the absorption of nitrogen by vegetation, he remarks, “ It 
is, however, unfortunate... [for this theory] that no sooner 
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did experimentalists begin to purify the air that they used 
in repeating Schénbein’s experiments than the production 
of nitrite of ammonia suddenly stopped.” 

Concerning the combination of ozone with free nitrogen 
in presence of bases, (5), in experiments by Berthelot, ozone 
prepared from oxygen by the electric discharge did not ox- 
idize nitrogen in presence of chemically pure baryta water ; 
but air ozonized by phosphorus yielded a trace of nitrate. 
If the phosphorus was free from nitrogen, the oxidation of 
free nitrogen by ozone in presence of bases would thus seem 
to be established (Comptes Rendus, \xxxiv., 61). 

Is the Combined Nitrogen of the Air the Source of the Assimilated 
Nitrogen ? 

It so happens that plants which gather, or are supposed 
to gather, nitrogen most readily, as root crops (turnips and 
the like) ‘and lecuminous crops (beans, pease, clover, ete.), 
have obviously a ‘different foliage from the gramineous crops 
(wheat, barley, oats, etc.), which are supposed to gather it 
less easily. It has been commonly taught that the “ broad- 
leaved crops,” as the former are designated, have a power of 
taking nitrogen from the atmosphere in some manner which 
other crops possess in less degree, if at all. Dr. Gilbert op- 
poses this view very decidedly: “It may be safely asserted 
that neither direct experimental evidence nor a considera- 
tion of the physics of the subject would lead to the conclu- 
sion that the plants which assimilate more nitrogen over a 
given area than others do so by virtue of a greater power 
of absorbing from the atmosphere by their leaves combined 
nitrogen in the form of ammonia.” It is worthy of notice 
that A. Mayer, whose experiments are cited in support of 
the theory referred to, says himself that “this hypothesis 
rests more upon practical experience than upon exact ex- 
perimental testimony,” and accepts it to only a very lim- 
ited degree. 

The supposed means by which plants might prepare for 
themselves, or get already prepared, and absorb through 
their leaves compounds formed from the free nitrogen of 
the air, would thus seem probably limited to one. 

Q 
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Nitrification by Electrical Discharges. 

The oxidation of free nitrogen by electrical discharges has 
long since been established. Whether enough of the nitro- 
gen of the air is thus oxidized and then absorbed by plants 
to be of much consequence is very doubtful. But late re- 
searches by Berthelot have revealed a very noteworthy man- 
ner in which nitrogen may be absorbed by organic com- 
pounds, under the influence of the silent electrical discharge. 
A large number of compounds were thus found to absorb 
nitrogen, both that existing in the pure state and that in the 
air, producing compounds all of which evolved ammonia on 
being heated, either alone or with soda-lime. Berthelot sug- 
gests that similar processes may take place in nature, and 
that consequently plants may be able to assimilate nitrogen 
directly from the air. This last assumption is, however, op- 
posed to the results of the best previous investigation upon 
the subject, which indicate that the free nitrogen of the air 
is not assimilated by plants (Comptes Rendus, lxxxii., 1283, 
and ixxxiil., 677). 

Is the Nitrogen Combined under the Influence of the Soil a Source 
of the Supply Assimilated by Plants ? 

Does not the soil gather free nitrogen from the air and in- 
duce it, in some way or other, to enter into combinations in 
which it can be used by the plant? This is a question which, 
though not yet decided, seems, in the light of recent experi- 
menting, to approach an affirmative answer. In the réswmé 
in the ftecord for 1876, in discussing the probability of the 
direct assimilation of atmospheric nitrogen by plants, the re- 
mark was made that “it would seem more probable that the 
absorption of free nitrogen by humus and by soils containing 
humus, which Simon and Truchot claim to have observed, 
might be induced in the manner described by Berthelot.” 
The experiments of the past year bring no new evidence of 
importance against this view. On the other hand, it seems 
more and more probable that the ways in which crops get 
their supplies of nitrogen are to be sought in the varying 
capacities of their roots for feeding upon the nitrogen con- 
tained in various forms in the soil. Dr. Gilbert concludes 
the remarkable address to which we have been referring 
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with the words: “ And now, to summarize in a few words 
the results of this whole discussion, I think the balance of 
the evidence points to the conclusion that the answer to the _ 
question, What are the sources of the nitrogen of vegetation 
in general, and of agricultural productions in particular? is 
more likely to be found in the relations of the atmosphere 
and of the plant to the soil than in those of the atmosphere 
to the plant itself.” 

On the whole, the evidence is decidedly against the theory 
so stoutly maintained by some, particularly Ville, that plants 
obtain considerable, some a large share, of their nitrogen by 
their leaves from the air. 

Best Forms of Nitrogen for Plant-Food. 

The important question as to the form of nitrogen most 
suitable for the nutrition of plants has been studied by Leh- 
mann, who has lately experimented with buckwheat, maize, 
and tobacco, supplying nitrogen in some cases in the form 
of nitrates, and in others in the form of ammonia salts. He 
concludes that some plants require ammonia in their first 
period of vegetation, and nitric acid in the second, but that 
ammonia may, by oxidation in the soil, produce the nitric 
acid needed. 

Hasselbarth has studied the assimilation of nitrogen by 
barley. The whole of the nitrogen was absorbed, and the 
total yield of dry substance the same, when the nitrogen was 
supplied as calcium nitrate or as ammonium nitrate in soil 
free from marl. In marled soil the nitrogen was wholly ab- 
sorbed when supplied as ammonium sulphate or chloride. 
When the latter salts were applied to unmarled soils, only 
one half of the total nitrogen was absorbed. The worst re- 
sults were obtained by using acid ammonium phosphate: in 
marled soil only three fifths and in unmarled soil only one 
seventh of the nitrogen was absorbed, the yield being corre- 
spondingly small. It appears from these experiments as 
though barley could absorb the nitrogen only when present 
as a nitrate, or under conditions that permit of ready trans- 
formation to a nitrate (Chem. Centralblatt, 1876, 821). 

It is worthy of note here that in the experiments of Lawes 
and Gilbert on grass land, nitrogen in the form of nitrate of 
soda, which finds its way into the deeper layers of the soil 
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more readily than in the form of ammonia salts, favored the 
growth of deep-rooted plants. Hence the herbage on plots 
manured with nitrate of soda stood the drought much better 
than that manured with ammonia salts. 

Source of the Carbon of Plants. 

The question as to the source of the carbonic acid from 
which the carbon of plants is obtained, whether it is derived 
exclusively from the atmosphere or partially from the soil, 
has been long discussed. Liebig was of the opinion that a 
portion was obtained from the soil through the roots, while 
Boussingault believed that the larger part, if not the whole, 
comes from the air through the leaves. Experimental data 
for the decision of the question have, however, been lacking. 
Boehm, from experiments with the scarlet-runner bean, con- 
cludes that young plants do not take up from the soil either 
organic compounds or carbonic acid. He considers it not 
improbable that the carbon of the carbonic acid decom- 
posed by plants unites directly with water to form starch 
(Ber. d. D. Chem. Ges., ix., 128). 
We have lately accounts of some very ingenious and in- 

teresting experiments by Moll, from which the author derives, 
evidently with good ground, several conclusions, of which the 
resultant is that plants derive none of their carbon from 
the carbonic acid imbibed from the soil through the roots 
(Landw. Jahrb., 1877, vi., 327). 

Dehérain and Vesque have made some very ingenious ex- 
periments on the absorption and emission of gases by the 
roots of plants, from which they conclude that (1) the pres- 
ence of oxygen in the soil containing roots is necessary for 
the existence of the plant; (2) the root connected with the 
stem evolves a quantity of carbonic acid less than the oxy- 
gen absorbed; (3) carbonic acid appears not to be derived 
from the soil, and does not pass to the leaves in order to 
build up proximate principles by its decomposition into car- 
bon and oxygen (Comptes Rendus, |xxxiv., 959-961). 

On the whole, the latest experimenting very decidedly fa- 
vors the belief that plants get all the carbonic acid from 
which their carbon comes through their leaves, and none 
through their roots. 
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Phosphoric Acid as the Food of Piants. 

Dr. Petersen, of the experiment station at Regenwalde, in 
Germany, reports some experiments in water-culture, with 
the object of determining what proportion of phosphoric acid 
is essential to the best development of the oat plant. The 
maximum yield was obtained in solutions which, besides 
the other essential ingredients of plant-food, furnished 0.071 
grams of phosphoric acid to each plant. Plants grown in 
these solutions yielded each, on the average, 197 seeds, and 
in the whole plant 10,497 grams dry substance, or 316-fold 
the weight of the seed. In solutions exactly similar, except 
that they furnished only half as much phosphoric acid, the 
plants averaged only ninety-four seeds and 3508 grams dry 
substance, or 114-fold the weight of the seed. 

The results of these experiments agree essentially with 
those of a number of similar ones reported some time since 
by Wolff. Both investigators found that when the phos- 
phoric acid did not exceed 0.33 per cent. of the whole 
weight of the dry substance of the plant, the latter suffered 
in the development of all its parts. On the other hand, ex- 
cess of phosphoric acid did no harm, but seemed rather to 
favor a better development of seed. Wolff calls attention 

_ to the difference between phosphoric acid and nitrogen in 
this respect, the latter, as is well known, having a tendency, 
when applied in excess, to injure the development of the 
seeds of cereal grains and cause an excessive growth of stalk, 
and often lodging of the grain. In this view, it is clear why 
the excessive use of phosphates which obtains in some farm- 
ing districts has not proved injurious. 

Lime as Plant-Food. 

Boehm has studied the plant-nourishing value of calcium 
salts by experiments on scarlet-runner beans. He concludes 
that mineral matter is absolutely required for the young 
plant in order that it may avail itself of the excess of nonr- 
ishment stored in the seeds, the mineral matter in the seeds 
being insufficient for this purpose; that without lime salts 
the growing plants soon wither away and die; and that, 
finally, lime salts do not participate directly or indireetly in 
the formation of starch. He also shows that plants may ab- 
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sorb water and lime salts through their leaves (Chem. Cen 
tralblatt, 1876, pp. 250, 275, and 808). 

ROOT-DEVELOPMENT OF PLANTS. 

The study of the root-development of some of our more 
important agricultural plants is receiving increased attention 
of late. Very interesting observations have been made by 
Nobbe, Haberlandt, and Thiel. Fraas has published a little 
work on the subject; Miiller has given avéswmé of the main 
points of the present status of our knowledge of the subject 
in the Landwirthschaftliche Jahrbiicher ; and, finally, Von 
Nathusius and Thiel have issued a series of six charts, con- 
taining no less than fifty-three very fine photographs of roots 
of various plants as they actually grow in the soil. These in- 
clude views of the roots of corn, barley, pease, Jerusalem arti- 
choke, potato, and sugar-beet, from which the soil had been 
removed so as to allow of their being photographed as 
they grew. They show that while the fine roots penetrate 
much deeper into the soil than many suppose, yet by far the 
larger bulk are within a few inches of the surface, and that 
there most of the feeding of the plants through the roots is 
done. 

Heinrich reports some interesting experiments on the de- 
velopment of roots of barley, oat, and pea plants. The plants 
were grown in boxes four meters (about thirteen feet) deep, 
filled with fine garden earth. The oat roots penetrated 2.27 
meters; those of barley, 1.9; and of pease, only 0.52 meters. 
The soil was carefully washed away from the roots, and the 
latter, as well as the tops, weighed. The weight of the roots 
of oats was about two thirds that of the tops, without seed; 
those of barley weighed about one third, and of pease one 
fifth, as much as the tops. 
Frémy and Dehérain find that sugar-beets grown in saline 

solutions, instead of sand moistened with the same, lived; 
but instead of producing one large central sugar-forming 
root, they simply formed a mass of nearly equal rootlets. 

MANURES. 

Phosphatie Fertilizers. 

Dr. Voelcker has continued his reports on these materials, 
giving analyses of over fifty samples of phosphatic guanos. 
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Exposed to weather in various climates, bird-dung undergoes 
change, and guanos of various qualities are produced. ‘The 
ultimate effect of rain is to destroy the organic matter; the 
guano then remaining is said to be phosphatic, and contains 
very little nitrogen. These phosphatic guanos are of great 
value as materials for high-grade superphosphates. In many 
cases the bases present are insufficient to form tribasic salts 
with phosphoric acid, and the phosphoric acid is hence in 
more readily available forms. The principal supplies are 
from South America, South Africa, a number of islands in 
the Caribbean Sea, several uninhabited islands in the South 
Pacific, and Raza and other islands in the Gulf of California. 
The richest samples analyzed were those from Raza Island, 
in the Gulf of California; and Shaw’s, Enderbury, Starbuck, 
and other coral islands in the Pacific. These yielded from 
32 to 40 per cent. of phosphoric acid. The latter are, how- 
ever, apt to be contaminated with coral rock. The Baker, 
Howland, and Jarvis islands are nearly exhausted. Mejil- 
lones guano, a deposit near the coast of Bolivia, is estimat- 
ed at several million tons. Considering the fact that phos- 
phoric acid is the ingredient most apt to be deficient in our 
soils and most largely needed in commercial fertilizers, the 
reports of Dr. Voelcker, which show that immense supplies 
of this material are accessible in various parts of the world, 
are very cheering (Journal Royal Ag. Soc., xii., 440-459). 

Nitrogenous Fertilizers. 

Dr. Voelcker reports also a number of unweathered or 
partially weathered guanos from new deposits on the South 
American coasts, which indicate that the supply of these is 
far from being exhausted. A number of analyses are given 
in Vol. XIIL., pp. 194 sg., of the journal just referred to. 

Analyses of eleven samples of Peruvian guano are given 
in the “ Report of the Connecticut Agricultural. Experiment 
Station for 1876.” They averaged better than was claimed 
by the sellers: “Of over two hundred samples of fertilizers 
analyzed at the station, leaving out a few articles of at pres- 
ent mere local importance, like crude fish-scrap, no others 
have been found which, as a class, taking Into account both 
quality and price, furnish the valuable ingredients of plant- 
food so cheaply as Peruvian guano.” <A great step in ad- 
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vance has been taken by Messrs. Hobson, Hurtado, and Co., 
agents of the Peruvian Government for the sale of Peruvian 
guano in this country, in the preparation of different brands 
of guano, of uniform though different composition, giving 
the analysis on each bag, and selling them at prices based 
upon the guaranteed percentages of valuable ingredients. 

Fish-Serap 

Is assuming more and more importance as a fertilizer. Its 
value is due chiefly to its nitrogen, and in a less degree 
to its phosphoric acid. Analyses of seventeen samples are 
given in the Connecticut Experiment Station report referred 
to. These were sold at prices such as to furnish nitrogen to 
the user at from 9.4 to 22.1 cents per pound; while in ammo- 
niated superphosphates and the like, as ordinarily sold, the 
farmers were paying from 20 to 45 cents per pound for their 
nitrogen. Unfortunately, fish-manures are often ill prepared ; 
their manufacture and use are poorly understood; and they 
are frequently applied in ways that involve great waste. 

Fermentation of Fish-Guano. 

The increasing importance of fish and bone manures in 
German agriculture has led Dr. Pagel, of the Experiment Sta- 
tion at Halle, to undertake a series of experiments to gain 
light upon the best means of preparing these for use. He 
recommends very strongly the plan of fermenting them with 
urine: “The method of fermentation furnishes a most excel- 
lent means for transforming the nitrogen in manures of organ- 
ic origin, which is insoluble and slow in its action, into more 
soluble and consequently more active forms. It is hence pe- 
culiarly applicable to ground bone and fish-guano.” He recom- 
mends to add about 30 quarts of urine to 100 pounds of bone 
or guano, and cover the heap with plaster (gypsum) or earth 
to prevent the escape of ammonia. If this is properly done, 
the mass will ferment, and the temperature rise to a little 
above 100° Fahr. The completion of the process, for which 
three or four weeks should suffice, is indicated by the cooling 
of the heap. 

Potassic Fertilizers. 

The German Potash Salts are assuming a very important 
place in the list of our commercial fertilizers. Unfortunate- 
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ly, the large part of the potash salts brought into this coun- 
try are of low grades, which contain but little of potassium 
compounds, and a good deal of common salt and magnesium 
compounds, which have but little agricultural value, and par- 
ticularly chloride of magnesium, which may be injurious to 
crops. The Leopoldshall Kainit, so largely sold in our mar- 
kets, belongs to this class. This usually contains about 23 
per cent. of sulphate of potash, the rest being ballast, on 
which cost of freight and handling must be paid. It is but 
little used in Germany. A great part of the product of the 
mines is said, upon good authority, to be got rid of by ex- 
portation to this country. For the evil—a serious one—of 
importing and using so much of the low-grade potash salts, 
both sellers and users are responsible. Importers and deal- 
ers naturally handle and encourage the sale of the wares on 
which the margins of the profit are the largest; and being 
able to get the heaviest percentages on these poor goods, 
and to dispose of more of them than they could of the bet- 
ter grades, they buy, advertise, recommend, and sell them. 
A great many farmers say, ‘‘ Potash salts are potash salts,” 
and take those that can be had at the lowest price, regard- 
less of quality. As long as they will buy low-grade potash 
salts and other fertilizers because they are “ cheap,” they 
must expect to get poor wares at dear rates, and have poor 
success in using them. 

The writer believes the following to be the more impor- 
tant conclusions to be drawn from chemical considerations 
and practical experience concerning the use of German pot- 
ash salts as fertilizers. They are taken, with some modi- 
fications, from the American Agriculturist, Dec., 1877. De- 
tails of experiments and analyses upon which they are based 
(which limited space here excludes) may be found in “ Lect- 
ure on Potash in Agriculture” and Report of Connecticut 
Agricultural Experiment Station, in Report of Connecticut 
Board of Agriculture for 1876. 

Experience concerning the use of the German potash salts 
as fertilizers : 

1. Potassium, the basis of potash compounds, is indispen- 
sable to the growth of all our cultivated plants. It has at 
least one specific office in the nutrition of the plant—that of 
aiding in the formation of carbohydrates (starch). It also 
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facilitates particularly the growth of leguminous crops, and 
through them the assimilation of nitrogen. Without a plen- 
tiful supply of potash, in available forms, full crops are im- 
possible. 

2. The German potash salts afford at present the cheap- 
est and most available supply of potash for fertilizers. They 
supply also more or less of magnesia and sulphuric acid, 
which are essential ingredients of plant-food, and sometimes 
deficient in our soils, and of sodium and chlorine compounds, 
which latter, though useful in diffusing the potassium through 
the soil and rendering other plant-food of the soil available, 
and hence often beneficial, may in certain cases be harmful. 
The objectionable chlorine will, after a time, leach down and 
away where it can do no harm. 

3. The higher grades will be, in general, most profitable 
for use in this country, because they furnish the most potas- 
sium with the least admixture of inferior materials, on which 
costs of freight and handling must be paid. The chlorides 
(muriates) with 80 to 84 per cent. of chloride of potassium, 
corresponding to 50 to 52 per cent. actual potash, and the 
sulphates with 70 to 80 per cent. of sulphate of potash, or 
from 38 to 44 per cent. actual potash, are to be especially 
recommended. Where common salt and magnesium com- 
pounds are wanted, and kainit can be obtained cheaply 
enough and applied long enough beforehand, it may be used 
with profit. 

4, For potatoes, sugar-beets, or tobacco, the sulphates are 
preferable. For other crops, or on wet lands, the chlorides, 
which are cheaper, are equally good. And if the chlorides 
are applied long enough before the seed is put in—~. é., in 
the fall—for potatoes or beets to be planted in the following 
spring, the ill effect of their chlorine upon the quality of the 
crop will probably be prevented. 

5. Potash salts have proved especially useful for fodder 
crops, as grass and rye; for leguminous crops, as clover, 
beans, pease, and vetches; and for corn, potatoes, roots, to- 
bacco, and fruits. 

6. Potash is most apt to be lacking in light, sandy, and 
calcareous soils; in those consisting largely of vegetable 
matters, like peat, muck-beds, and moors, where crops that 
remove a good deal of potash (such as clover, corn, pota- 
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toes, turnips, beets, hops, and tobacco) have been repeated- 
ly grown; and where guanos, phosphates, bone, etec., which 
supply nitrogen, phosphoric acid, and lime, but little or no 
potash, do not bring as large returns as formerly. 

7. In order to secure uniform diffusion through the soil, 
the potash salts should be applied as long as possible before 
the crop is sown. It is well to mix with earth, or to com- 
post, before applying, especially if used shortly before sow- 
ing the seed, otherwise they may injure the crops. And, 
in general, potash salts are well adapted for composting 
with muck, earth, stable-manure, phosphates, fish, and the 
like. 

8. The best results are generally obtained by using potash 
salts not alone, but with other fertilizers, as superphosphates, 
guanos, and fish. Mixtures of these with potash salt form 
“complete” fertilizers. The proper use of potash salts is as 
adjuncts to other fertilizers. 

9. From 200 pounds to 400 or 500 pounds per acre of the 
higher and 300 to 600 pounds of the lower grades are ap- 
propriate quantities, 

10, The question of the need of potash in a given soil can 
be best decided by actual trial. It will be generally advis- 
able to test the question by experiments on a small scale 
before making large purchases. 

The Need of Better Information about Fertilizers 

Among our farmers is a vital one. While they are buying 
medium and inferior articles at prices which bring the cost 
of the valuable ingredients up to from 50 to 200 per cent. 
above what they need pay for better ones, foreigners are 
coming to this country and buying up the best materials, 
and carrying them off to be used by European farmers who 
have learned their value. Fish- manures and slaughter- 
house refuse, in which nitrogen can be had at 10 to 20 cents 
per pound, and phosphoric acid at from 4 to 8 cents per 
pound, are being exported by the thousand tons; while our 
farmers are paying from 20 to 50 cents per pound for nitro- - 
gen, and equally high prices for phosphoric acid in the infe- 
rior articles that we keep at home. And when we import 
potash salts we take the poorest, and leave our transatlantic 
friends the best. 
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It is bad enough that these precious elements, for lack of 
which our soils are suffering and our crops falling away, 
should go out of the country at all. It is too bad that when 
foreigners come for them they should be allowed to take the 
best we have, and send us their refuse in return. 

COMPOSITION OF PLANTS. 

Fodder Corn and Sweet-Potatoes. 

Professor 8. W. Johnson reports some analyses of sweet- 
potato and of fodder corn executed under his direction, by 
Mr. E. H. Jenkins. Except in the larger content of sugar, the 
composition of the sweet-potato corresponds very closely to 
that of the common potato. The nutritive values of the two 
would be nearly equal. 

The samples of fodder corn contained, on the average, 
rather more cellulose, and only about one half as much albu- 
minoids and fats as are given in standard European analyses. 
This difference is doubtless due to the fact that the corn 
analyzed was much more mature than that commonly em- 
ployed in Europe. This inferiority in quality of the older 
corn is probably more than made up by the larger quantity, 
particularly if it be fed with judicious admixtures of con- 
centrated foods, like cotton-seed cake, linseed cake, bran, or 
corn-meal, which will supply the deficient albuminoids and 
fats. (American Journal of Science, xiii., 196). 

Buckwheat Straw. 

To determine the composition of the straw as grown on the 
farm, Professor F. H. Storer has made analyses of two sam- 
ples which turned out very similar to the straw of wheat, 
oats, barley, and other cereal grain, both in ash and proxi- 
mate constituents. ‘A ton (2000 pounds) would contain 
about 6; pounds of phosphoric acid, 40 or 50 pounds of real 
potash, and 12 pounds of nitrogen.” <As regards the fodder 
value, Professor Storer says: “ It would seem from the anal- 
yses that buckwheat straw, when mixed in small proportion 
with richer kinds of foods, might, like other straws, be use- 
fully employed for feeding animals in many cases; espe- 
cially if it were previously softened by steaming or soak- 
ing.” 
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Pumpkins, Squashes, Broom-Corn Seeds, Weeds, ete. 

Professor Storer has also analyzed several specimens of 
pumpkins and squashes, and finds them, on the whole, quite 
rich in nitrogen. He considers the pumpkin as “competent to 
supply a good part of the albuminoid matters which corn-stalks 
lack.” Professor Storer also gives a large number of analyses 
of seeds of broom-corn, of weeds occasionally used as human 
food—as the dandelion, nettle, common plantain, purslane, 
and pigweed—and of blue-joint grass and reed canary-grass ; 
for the broom-corn sceds are inferior to oats, etc., as food for 
stock, because poor in albuminoids though rich in carbohy- 
drates. The weeds have considerable fodder value, but are 
unfit for cultivation because they are inferior to the plants 
with which they would have to come in competition. Still 
when gathered, as they often are, they ought to be saved and 
fed rather than composted, burned, or thrown away. The 
blue-joint grass was poor; but the reed canary-grass proved 
much better than was expected, is measurably rich in nu- 
tritive ingredients, and “as a substitute for our wild bog 
grasses it could doubtless be grown with advantage in num- 
berless localities in this country” (Lulletin of the Bussey 
Institution, i1., 51, 81,115, and 130). 

Sugar-Beet Culture and Beet-Sugar Making. 

The attempts in this direction in the United States have 
not thus far proved strikingly successful, though favorable 
reports come from California and elsewhere. One great 
trouble has been the putting-up of costly factories before 
the supply of beets good enough to pay for the working 
was made sure of. 

Mr. H. C. Humphrey, who has made this subject, from the 
chemical standpoint especially, a study for several years, 
in this country and in Europe, has joined with Mr. Joseph 
Wharton in a very extensive experiment upon the estate of 
the latter in Balsto, N. J. The raising of the beets is being 
first tested, though a small experimental factory for making 
the sugar has been erected. Concerning the prospects of prof: 
itable manufacture, Mr. Humphrey makes estimates in brief 
as follows: A manufactory to consume 15,000,000 pounds 
of beets in one hundred days would cost about $60,000, 
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and the stock of bone-black $2250. The current annual ex- 
penses, including labor, materials, and incidentals, reckoning 
beets at $4 per ton, and interest on capital at 7 per cent., 
would be some $82,664. The returns for sugar, press- 
cake, molasses, and residues for fertilizers, reckoning sugar 
to yield 8 per cent. of weight of beets, and to bring 8} cents 
per pound, and press-cake at $4 per ton, would be $107,233, 
leaving a profit of $24,569. This Mr. Humphrey considers 
high for probable expenses and low for returns, 

NUTRITION OF ANIMALS.—STOCK-FEEDING. 

The experimental investigations in this direction are in- 
creasing in number, range, scientific accuracy, and practical 
value. Nearly all of the most useful work of the past year 
has been done in the German experiment stations. Little 
that is absolutely new in principle has been discovered, but 
much has been done to establish, amplify, and make capable 
of wider application in practice the principles already pro- 
pounded. 

Sources of the Fat of the Animal Body. 

It is common to see the albuminoids of foods classed as 
“flesh - formers,” and the carbohydrates as “ fat - formers.” 
This is in accordance with the theory of Liebig, that, aside 
from the fats of the food, the carbohydrates sugar, starch, ete., 
are the main source of the fats of the body and the milk. 
But of late many physiologists—notably Voit—have main- 
tained that animals get their fat from the albuminoids, and 
not from the carbohydrates of their food. It is well settled 
that the albuminoids can and do by their decomposition 
supply a good deal of fat for storing in the body and mak- 
ing milk. Whether the carbohydrates do the same is still 
an open question. Professor Wolff, in his lately published 
“Krnihrung der Landwirthschaftlichen Nutzthiere ” (Nutri- 
tion of Animals Useful in Agriculture), gives a very compre- 
hensive summary of the latest experimental evidence upon 
the subject, from which he concludes that carnivora cannot, 
herbivora may, and swine probably do, produce fat from the 
carbohydrates of the food. Professor Henneberg, at the meet- 
ing of German naturalists and physicians at Hamburg in 1876, 
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expressed his opinion that fat is formed from carbohydrates 
by swine ; and this would probably prove to be the case with 
other animals. With this view Dr. Gilbert, of Rothamstead, 
seemed to agree. Henneberg, on the same occasion, presented 
some calculations which led to the inference that 100 parts 
of albuminoids may produce 51.4 parts of fats. 

Effect of Fodder upon Milk Production. 

The experiments of Kiihn at Moeckern on the effects of 
different kinds and amounts of food upon the production of 
milk by cows are coming to assume great importance. Eight 
series made during the years 1867-74 have now been report- 
ed. These include eighty-four single experiments with twen- 
ty-six cows. Detailed accounts of those of 1870-73 were 
commenced in the Journal fiir Landwirthschaft tor 1874, and 
have just been completed in the volume for 1877. Only a 
brief report of the eighth series has been published. The 
later ones are not yet published. Dr. Kiihn has, however, 
given, in a report of the work of the Moeckern station to 
1877 (Landw. Vers. Stat., xxii., 133-148), a summary of 
results to that time. It appears that after the ration has 
reached a certain amount of food of fitting composition, (1) 
increase of the food brings an increase of the total yield of 
milk; (2) the “richness ” of the milk, the percentage of dry 
or solid matters, increases at the same time; (3) there is a 
limit to this improvement in quality and amount of the milk, 
varying with different breeds and individuals; (4) changes 
in the composition of the rations, in the proportions of albu- 
minoids, carbohydrates, and fats they contain, do not produce 
corresponding changes in the composition of the solid mat- 
ters of the milk. The proportions of casein, albumen, fat, 
and sugar rise and fall parallel with each other; at least, the 
variations are slight, and not parallel with those in the in- 
gredients of the food. 

In short, it does not seem practicable, by altering the qual- 
ity of the food, to increase, for instance, the fat at the ex- 
pense of the casein of the milk; to change a “cheese cow” 
into a butter cow, or vice versa. A few exceptions to this 
rule have indeed been found. Two cows out of thirty exper- 
imented upon at Moeckern and Hohenheim have shown an 
evident and some others an apparent relative increase in 
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the fat of the milk when material rich in albuminoids, par: 
ticularly palm-cake freed from oil, was added to the ration. 

Changes in the Milk during the Period of Lactation. 

The Moeckern experiments have also given more accurate 
data upon this subject than have been ever before obtained. 
In general, the total yield of milk decreases as the milking 
period advances. The shrinkage is exaggerated by poor feed- 
ing, and can be prevented in part by adequate food and con- 
sequent maintenance of the body in good condition. The rich- 
ness of the milk, the percentage of solids, increases. The 
increase can be aided by proper feeding, and partly prevent- 
ed by inadequate nourishment and consequent falling-off in 
condition. As regards the changes in relative proportions of 
solid matters, their ratios to each other, the proportion of fat 
seems to decrease and that of casein to increase somewhat; 
that of albumen diminishes, while the sugar remains constant. 

GENERAL CONCLUSIONS FROM EXPERIMENTS ON EFFECTS 

OF FOOD UPON MILK PRODUCTION. 

Among the general principles deducible from the later ex- 
perimenting on milk-production by cows, two of the weight- 
iest are that of the food ingredients the most important as 
factors of the milk-production are the albuminoids, and that 
the production is controlled to 2 much greater extent than is 
commonly supposed by the bodily condition. And these two 
principles are, in fact, corollaries of the single, broader one de- 
veloped by late research in this department of animal physi- 
ology—that the function of the lacteal glands is not entirely, 
or even mainly, that of filters through which certain ingredi- 
ents of the blood are secreted as milk, but that they them- 
selves produce, by metamorphosis of their own substance, the 
larger part of the solids of the milk; that, as Voit says, “the 
milk is essentially this organ, liquefied by fatty degenera- 
tion.” It seems fairly well settled that all the casein and a 
good part of the fat and sugar of the milk are products of 
metamorphosis of the milk glands; that of the fat and sugar 
supplied by the blood, a portion results from similar metamor- 
phoses in other parts of the body; and hence only a small 
residue of fat and sugar can come directly from the food. 
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Accordingly, to effect any considerable changes in the milk, 
we must first work upon the body, and provide it, and par- 
ticularly the milk glands, with material for making the milk; 
and since albuminoids are the chief tissue-formers, they are 
most important for producing casein and fat inthe milk. It 
is clear, then, that to produce a good yield of milk the animal 
must be kept in good condition by proper feeding; that the 
food, to be most economical, must contain the proper propor- a 
tions of albuminoids, carbohydrates, and fats; and that the | 
composition of the milk is decided by the peculiarities of the 
breed and individual rather than by the food. The practical 
application of these principles is apparent. For quality of 
milk select proper breeds; for amount, good milkers. Suit 
the food to the wants of the animal, and feed well, but not 
over richly. 

Other Feeding Experiments. 

Of those reported during the past year we have only space 
for the briefest reference to some of the most important. 
Among them are experiments on the digestive capacity of 
the horse, by Wolff, at Hohenheim; on the digestion of va- 
rious foods by sheep, by Weiske at Proskau, Wolff and Kell- 
ner at Hohenheim, and Wildt at Kuschen; and on the diges- 
tion of different foods by swine, by Wolff, by Wildt, and by 
Heiden, at Pommritz. Full accounts of these are given in 
the volumes of the Landwirthschaftliche Versuchs-Stationen 
Journal fiir Landwirthschaft, and Landwirthschafiliche Jahr- 
biicher for 1876 and 1877. 

The Digestive Capacity of Horses. 

Wolff reports experiments on the digestion of hay, straw, 
and oats by a horse as compared with sheep. The horse 
digested a little less from the hay and straw than the sheep. 
With oats the digestion was essentially the same by both. 
From his own and other experiments Wolff concludes that 
all the domestic animals— horses, cows, sheep, goats, and 
swine — digest the concentrated food (grain, roots, ete.) and 
the young succulent forage plants about alike. Of coarse 
foods, sheep digest a somewhat larger percentage than 
horses. 
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Digestion of Foods by Swine. 

Experiments are reported by Wolff, Wildt, and Heiden, 
who with assistants have tested the digestion of quite a list 
of materials, such as barley, maize, pea-meal, cocoa-nut cake, 
potatoes, roots, milk, flesh-meal, fish-guano, and in one case 
cockchafers. Sour milk is not wholly digested by swine; but 
it seems to increase the digestion of other foods, as grain, fed 
with it. Cocoa-nut cake proved a palatable and useful food 
for swine. Thesameis true of cockchafers, dried and ground. 
The digestibility of flesh-meal made of the residue left from 
the preparation of Liebig’s meat-extract in South America 
has been tested quite extensively. Wolff found, as the aver- 
age of seven experiments, 96.6 per cent. of the albuminoids 
and 87.3 per cent. of the fat of the flesh-meal to be digested 
by pigs. 

Digestion of Foods by Sheep. 

Experiments on the digestive and nutritive values of vari- 
ous materials fed to sheep are reported by Wolff and Kell- 
ner, Weiske and Wildt. The most interesting results are 
those obtained with the use of animal foods, blood-meal, flesh- 
meal, and fish-guano. The general object of these experi- 
ments has been to test the digestibility and nutritive value 
of these foods, and the question whether they can be used to 
advantage to supply nitrogenous material in fodder for her- 
bivorous animals. There is no reason, in the nature of the 
case, Why they should not; and the several accurate trials 
that have thus far been made coincide with former experi- 
ence in showing that the flesh-meal made of the residue left 
from the preparation of Liebig’s meat-extract, dried blood, 
and fish-guano, are very easily digested ; that though some- 
times not very palatable at first, yet the animals soon get 
to like them, and that they form a very valuable food. In 
feeding fish-guano to sheep Kellner found 90 per cent. of the 
nitrogenous substances, 76 per cent. of the fat, and 15 per 
cent. of the mineral matters digested. Wildt found that 
sheep digested 95 per cent. of the albuminoids, and 98 per 
cent. of the fat of flesh-meal. 
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Value of Animal Waste as Food for Stock.—Fish-Serap. 

From what has been said, it is clear that fish-scrap, meat- 
scrap, dried blood, and the like are certainly valuable foods 
for sheep and swine, and probably for neat cattle. What 
makes them especially so is that, aside from their concen- 
tration and their easy digestibility, they consist mainly of 
nitrogenous matters and fats, the most precious ingredients 
and the ones most apt to be lacking in our common fod- 
der materials. They will be used most profitably when 
mixed with foods poor in the albuminoids which it furnishes. 
Such are poor hay, straw, corn- stalks, corn, potatoes, and 
roots. The latter can thus be made into the best kind of 
food, and the fish-scrap at the same time be improved as a 
fertilizer. One great difficulty in the way of feeding fish- 
scrap, dried blood, and meat-scrap has been their bad odor 
and taste, particularly after decomposition has set in. Of 
late, however, methods have been devised for preparing 
these materials in forms more palatable and less prone to 
decay. Meat-scrap is now offered in the market as light in 
color, nearly as fine and free from odor and tendency to de- 
cay, and fully as wholesome in appearance, as corn- meal. 
Two new processes for extracting oil from fish—Goodale’s 
and Adamson’s—are just coming into use, and give promise 
of furnishing a fish-scrap which can easily be made into an 
excellent food for stock. One great advantage of the fish 
meals made by these latter processes is that they have all, 
or nearly all, the flesh of the fish, and comparatively little 
else. Samples of both kinds, lately analyzed, have yielded 
over ten per cent. ofnitrogen. <A fish-guano made by Good- 
ale’s process gave some ten and one-fourth per cent. of nitro- 
gen, and a little over seven per cent. of phosphoric acid. 
The fish-guano which has proved so valuable for food in 
European experiments was made of the heads and backs of 
codfish, and contained a much larger amount of phosphoric 
acid, Our products must be much better, because they have 
less phosphoric acid—that is to say, less bone—whose pres- 
ence is objectionable. 
We have seen what a loss comes to our agriculture from 

the exportation of meat-blood and fish products, as well as 
from the improper use as fertilizers of those which we keep 
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at home. In view of their worth as food for stock, the loss 
is still greater. As long as these wastes continue, farming 
must suffer, Rational economizing of such resources as 
these will be among the best means for its recuperation. 

Practical Inferences from Feeding Experiments. 

In general, the result of the year’s work confirms the prin- 
ciple stated in previous summaries of the Annual Record, but 
too little understood by farmers in this country, that econo- 
my in feeding requires that the ration shall contain digestible 
albuminoids and carbohydrates in the proportions adapted to 
the specific wants of the animal and the purpose for which 
it is fed. 

Comparing the results of late European experimenting 
with the ordinary practice of feeding in this country, it is 
manifest that we waste a great deal of food-material, and that 
this waste is due, more than to anything else, to the wrong 
proportions of ingredients in the fodder we use. From wrong 
choice of crops for raising (as, for instance, growing too lit- 
tle of nitrogenous crops, like clover, lucern, beans, and pease), 
from inadequate manuring of those we do raise, and from 
letting forage crops stand too long before cutting, our fod- 
der materials lack nitrogen. We have concentrated foods, 
such as linseed and cotton-seed cake and meal, meat-serap, 
and fish, which might supply this lack. But our farmers do 
not understand their value, and they are shipped by the 
hundreds of tons to Europe, where they are appreciated and 
properly fed. This is only one of many illustrations of the 
necessity of science for the best development of our agricult- 
ure. A most encouraging sign of the times is that farmers 
have come to feel this need, are calling for scientific investi- 
cation, and are applying its results in their practice. 
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ENGINEERING. 

By WILLIAM H. WAHL, Ph.D., 

PHILADELPHIA, Pa. 

RAILROADS. 

From a record of the year’s progress, as chronicled in the 
Railroad Gazette, we may affirm that in the field of rail- 
road construction there has been reasonable activity, the in- 
crease in the mileage of the country having been about 3 
per cent. The Gazette records 2111 miles as the actual rec- 
ord of new construction during 1877, or about 10 per cent. 
less than the figures of the preceding year. Most of the new 
roads, it is further noticed, were short, and of purely local 
importance. 

In railroad legislation, the most memorable event of the 
past year was the decision of the Supreme Court of the 
United States in the so-called “ Granger” cases, in which 
the principle was affirmed that state legislatures possessed 
the right to regulate and limit the rates charged by railroad 
companies where they have not parted with that right by 
charters. Another legal decision of importance, detailed by 
the Gazette, is that permitting the elevated-railway compa- 
nies of New York City to proceed with the construction of 
their roads through the streets of that city without further 
hinderance. That the companies have not been slow to 
avail themselves of the privileges accorded them appears 
to be evinced from the vigor with which they are forward- 
ing their plans; the probabilities being that the several 
rapid-transit roads will be practically completed and in op- 
eration before another year has passed, thus deciding the 
debated question of the practicability of elevated (as con- 
trasted with underground) railroads for the requirements 
of large cities. 

The Gazette closes an elaborate statement of railroad his- 
tory with the following comments: “The year closed much 
more cheerfully than it opened. ... The prospect for the 
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new year is favorable. . . . The whole country is apparently 
convinced that it will have to accept low prices and small 
profits, and is satisfied to accept these conditions. No sud- 
den return of great prosperity can be looked for, but a grad- 
ual return to better times is now held to be a sufficient cause 
for cheerfulness.” 

THE CANAL ACROSS THE AMERICAN ISTHMUS. 

The constant agitation of this problem by the friends of 
rapid maritime transit will doubtless some day bear its 
legitimate fruit in the actual undertaking of a canal across 
one of the many routes surveyed by American and other 
engineers, although but little progress towards its solution 
has lately been made. The subject appears lately to have 
been attracting a considerable share of attention in France, 
the interest being at present centred upon the Darien route. 
De Lesseps, whose name figures prominently in the present 
discussion of this important project, advocates a line ascend- 
ing the Tuyra or Darien River from the Pacific side as far as 
the island of Piriaque, from which point a straight cutting, 
16,200 meters long, will connect the Tuyra with the Chueu- 
naque near the point where the Tupisa flows into this lat- 
ter river. ‘The line proposed would then ascend the Chucu- 
naque for 11,400 meters; then, turning to the northeast, 
would continue up the valley of the Tiati to a point where 
its projector, for reasons of economy, proposes to construct 
a tunnel rather than continue a deep cutting. This tun- 
nel would pass to the south of the Peak of Ganol, un- 
der the remarkable ridge from which, on the one side, the 
Taquesa, the Tupisa, and the Tiati flow down towards the 
Pacific, and, on the other, the Tolo and the Acanti to the At- 
lantic. On emerging, the canal would continue through an 
open cutting about ten kilometers long down the valleys of 
the Acanti and Tolo to the deep waters of Port Candi. The 
probable length of the tunnel is estimated at between thir- 
teen and fourteen kilometers, and the cost of making the 
whole canal at 600,000,000 francs (about $120,000,000). A 
surveying party, under the command of Lieutenant Wyse, of 
the French navy, is at present on the ground, working out 
the feasibility of the proposed route. 

Having solicited of Mr. John C. Trautwine, a gentleman 
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whose eminent professional standing and intimate famil- 
jarity with the physical geography of the whole isthmus 
entitle his statement to be taken as authoritative, an opin- 
ion of the route now being explored by the Wyse party, 
he replied that this undertaking would prove to be an utter 
failure, and took occasion to reiterate an assertion made 
by him twenty-five years ago, on returning from his own 
solitary expedition in search of a route in that region, that 
there is no reason whatever upon which to base a hope of 
obtaining a favorable line across any portion of the Darien 
Isthmus. He insists upon his oft-repeated statement that 
no route exists that could be executed for less than about 
$300,000,000. He would reject the temporizing policy 
which deludes itself with the vain hope of new discovery 
upon ground that has been surveyed and resurveyed, and 
face the difficulties of the problem. He favors the cutting 
of a direct line from the Gulf of San Blas, on the Atlantic, 
to the mouth of the river Bayano, on the Pacific. This is 
the shortest route that exists, being only about thirty to 
thirty-five miles long: it would, however, require a ship-tun- 
nel possibly ten miles long. 

THE MISSISSIPPI JETTIES. 

From the official statements of the government engineers 
who are commissioned to inspect the work upon the jetties 
at South Pass, substantial progress appears to have been 
made during the past year; and everything appears to indi- 
cate the complete ultimate success of the undertaking and 
the triumph of the views of its advocates. From the latest 
published report of Captain Eads to the South Pass Jetty 
Company, we abridge the following concerning the more 
important results obtained. After a preamble relating the 
difficulties of the task, and affirming that the theories upon 
which the system of working was undertaken have been 
fully confirmed, the report announces that the concentration 
of the water flowing across the sand-bar at the mouth of the 
Pass by the jetties has created a channel over two hundred 
feet wide, and in no place less than twenty feet deep, where 
only about eight feet had previously existed; that the con- 
centration of the water flowing over the shoal in the river 
at the head of the Pass created a channel over four hundred 
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feet wide, and in no part less than twenty feet deep, with the 
central part thirty feet deep, where but fourteen to fifteen 
feet had previously existed; that the temporary deposit 
which had formed in the Pass and between the jetties dur- 
ing the time in which a portion of the flow into the Pass 
had been interrupted by the work at its head has, since the 
restoration of the normal flow through the new channel at its 
head, by its removal caused the Pass to enlarge again; an ac- 
tion that has, since this restored flow began, removed from 
between the jetties in the last three months over half a mill- 
ion cubic yards of deposit, and established through more 
than half the length of the jetties a much larger and deeper 
channel than had ever previously existed, the size of which is 
already, throughout more than two thousand feet, twenty- 
eight feet deep by three hundred feet wide, while for many 
hundreds of feet it exceeds thirty feet deep by three hundred 
and fifty feet wide; and, finally, the report affirms—what is of 
the last importance to the permanent success of the work— 
that the gulf current athwart the jettied mouth of the Pass 
effectually prevents the re-formation of the bar in advance 
of the jetties by deepening the outer slope of the bar, and 
sweeping away any such portion of the discharged sedi- 
ment as the river current fails to carry to unknown dis- 
tances seaward. 

The fact is worthy of mention, finally, that on the 1st of 
November, 1877, the steamship City of Bristol, of the well- 
known Inman line, passed through the jetties without de- 
tention and without touching. Her draught was twenty- 
one feet eight inches, and the tide at the time was two 
and a half inches below “average flood-tide,’ which is the 
plane of reference established by the United States engi- 
neers. 

OTHER AMERICAN ENGINEERING WORKS. 

Concerning the East River Bridge, the Hudson River Tun- 
nel, the New York elevated railroads, and the Poughkeep- 
sie Bridge (which are probably the most noteworthy domes- 
tic engineering works in course of construction), we have 
nothing especially noteworthy to record, save that all are 
making gradual progress towards completion. 



ENGINEERING. 385 

IMPROVEMENT ON THE UPPER MISSISSIPPI. 

The last year witnessed, also, the completion of the canal 
constructed by government engineers with the object of 
overcoming the obstruction to navigation caused by the Des 
Moines rapids in the Mississippi at Keokuk, Ia. The follow- 
ing account of the character and importance of this work 
may be found of interest. The canal extends along the Iowa 
shore from Keokuk to Nashville a distance of seven and six- 
tenths miles. It is three hundred feet wide in embankment 
and two hundred and fifty feet wide in excavation; mini- 
mum depth of water, five feet; maximum depth, eight feet,’ 
which is sufficient to float the largest steamers that ply the 
Upper Mississippi. Entire fall in length of canal, 1875 feet. 
There are two lift-locks and one guard-lock, each three hun- 
dred and fifty feet long and eighty feet wide on top, solidly 
built of cut-stone masonry. Sluices of ample capacity to 
control the surplus water carried into the canal during the 

flood season are built around the locks. The cost of the 
work thus far has been $4,281,000, and $100,000 will still be 
required to finish it. The Hngineering News affirms that 
this work is of incalculable importance to the navigation of 
the Mississippi River, as it removes the only obstruction that 
remained between New Orleans and St. Paul. 

THE MADEIRA AND MAMORE RAILWAY. 

In future commercial possibilities, the work of the building 
of this railroad (a contract for which was last year given by 
the agent of the Bolivian Government to certain American 
capitalists) is doubtless the most important enterprise that 
has lately been undertaken. The successful accomplishment 
of this project will have for its practical result the opening 
of a region of South America vast in extent, and of vast 
though undeveloped mineral and agricultural resources, but 
which, by reason of almost insurmountable natural obstacles, 
has been heretofore practically isolated from commercial in- 

tercourse with the world. The object of the proposed im- 

provements, which are on a scale of great magnitude, is, by 

the construction of a line of railway, to bridge a gap of 

about one hundred and eighty miles, in which the existence 

of numerous falls and rapids opposes at present a complete 

R 
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barrier to commercial intercourse, and thereby permit the 
movement of trade down the Madeira and the Amazon to 
the Atlantic. 

The following will give the essential features of this im- 
portant work: “The road will run along the eastern shore 
of the Madeira River, in Brazil, from the head of navigation 
below the rapids to the navigable water of the Mamoré 
tiver (a branch of the Madeira) above. The Madeira has 

its source on the great water-shed of Bolivia, east of the 
Andes; leaves Bolivia at the northeastern point, and runs 
across the table-lands of Brazil to the Amazon, which it joins 
at Barra, about seven hundred miles from the Atlantic. A 
series of falls, however, render the river useless for a distance 
of one hundred and eighty miles. The Mamoré is a branch 
of the Madeira, and begins above the falls on the border of 
Bolivia.” 

The object of the proposed railroad, as has been before 
explained, is to bridge over this gap of one hundred and 
eighty miles that nature has interposed in this region be- 
tween it and the commerce of the outer world. The area 
of country that the road will tap is estimated to be about 
480,000 square miles; and of the country itself, the salubrity 
of its climate, its mineral resources, and agricultural capa- 
bilities, the most flattering accounts are given. It is said 
that silver, gold, lead, copper, salt, and nitre are abundant ; 
and that the soil will produce cotton, sugar-cane, tobacco, 
coffee, cocoa, indigo, and other important staples in profu- 
sion. 

The grant received by the Bolivian Navigation Company 
(under whose auspices the work of improvements is being 
carried on) from the governments of Brazil and Bolivia em- 
braces a million acres of land, and the navigation of all the 
waters of Bolivia for the period of ninety-nine years, with 
the additional concession that no other company shall be 
accorded the right to build a railroad around the rapids for 

the next fifty years. The possible value of this monopoly 

in the future cannot be estimated; and since the contract 

for the building of the road which is to unite this country 
in commercial relations with the rest of the world has been 

accorded to American engineers, the hope is widely express- 

ed that this country may take such measures as will direct 
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the current of this prospective rich and abundant traffic to 
our own ports, to the advantage of American manufacturers. 

At the time of this writing, the steamer Wercedita had 
sailed from Philadelphia with a large number of engineers 
and laborers, and the first load of supplies and machinery, 
for the scene of operations. This vessel is to be followed 
by others, and monthly communication between the base of 
supplies and the Madeira will be kept up. 

THE SUTRO TUNNEL. 

The latest advices indicate that the great tunnel into the 
Comstock silver lodes is gradually approaching completion. 
At the time of this writing it is officially announced that the 
tunnel-heading had penetrated into paying ore, and had been 
driven a distance of 18,400 feet into the mountain. This 
would bring the tunnel, as near as may be estimated, to 
within less than one hundred feet of the great combination 
mining-shaft, which, when reached, will practically complete 
the undertaking and determine its value. The following 
statements of the nature and history of this enterprise may, 
in view of the above facts, be of interest : 

The object of the Sutro Tunnel is to facilitate mining op- 
erations in the Comstock lode, the difficulties and expensive- 
ness of which are very serious. The mines have reached a 
depth of from 1000 to 2500 feet; and the cost of pumping to 
keep the workings free from water entails an annual expense 
of $2,000,000 or $3,000,000. This fact, and the circumstance 
also that the temperature in the deeper portions of the work- 
ings reaches as high as 120°, render mining operations enor- 
mously expensive. These difficulties the Sutro Tunnel is 
designed to obviate by tapping the workings at a depth of 
about 1800 feet from the surface, creating, therefore, a new 
surface for ventilation and drainage at the 1800-foot level 
of the mines, by which it is expected (as the water will be 
drained off, by the natural flow through the outlet provided, 
to the depth of 1800 feet) that the cost of pumping will be 
largely reduced, and that the means of ventilation which it 
will provide will so far reduce the temperature as to enable 
the miners to work in comparative comfort. In addition to 
these obvious advantages which it is expected to realize 
from the tunnel, there are others of considerable commercial 
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importance expected to flow from it. It is expected, for in- 
stance, that the tunnel will form the great highway or out- 
let for the ores of the Comstock, which are at present hoist- 
ed to the surface, and thence transported to the mills on 
the Corson River, a distance of some twenty miles. By the 
erection of mills at the mouth of the tunnel, the cost of 
transportation (which is now very considerable) could be 
greatly reduced. It will also render possible the profitable 
working of low-grade ores, of which enormous quantities re- 
main in the mines untouched. 
Work on the tunnel was commenced on October 19, 1869, 

and has been steadily continued until the present, when but 
little more is required to complete it. The total amount ex- 
pended on the work thus far will foot up to about $3,000,000. 
Some $500,000 more will be required, on completion of the 
tunnel work, to provide it with a double track, and bring 
it into complete working order with the paraphernalia for 
wire-rope transmission, etc. 

STEAM-MOTORS ON CITY RAILWAYS. 

In addition to the satisfactory progress made during the 
past year towards the completion of the elevated-railway 
plant, designed to secure rapid transit in New York City, 
the substantial progress made in other cities in introducing 
steam-cars on the street-railways is worthy of special notice. 
This movement was inaugurated by the Market Street City 
Passenger Railway Company of Philadelphia, which in the 
month of March, 1877, put into operation seven steam-cars, 
with the avowed purpose of giving them a thorough and 
continuous practical test. The experiment appears up to 
the present time to have proved quite successful, as all the 
cars have continued in operation since they were put on 
without difficulty or objection. The cars are noiseless in 
operation, and the anticipated trouble from the escaping 
steam has proved to be groundless. The operation of these 
cars has shown, it is affirmed, a notable economy over the 
common plan of horse traction which they replace. The 
success of this experiment appears to have attracted atten- 
tion to the question, and a considerable number of steam- 
cars have been introduced during the past year upon the 
street-railways of other American cities. 
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The cars above alluded to are of the self-contained type, 
in which engine and car are combined. Apropos of this sub- 
ject, which naturally provoked much discussion in the en- 
gineering journals, the Railroad Gazette, whose professional 
opinions are .entitled to high consideration, intimates that 
the most rational solution of the steam street-car problem 
will be found in a light steam-engine, which may be coupled 
to and detached from the common street-cars as horses are. 
This plan has been tried in several cities (Baltimore, Phila- 
delphia, New Haven, Dubuque, Havana, etc.) with good re- 
sults. It would admit of the use of the present cars, which 
the self-contained steam-cars do not permit (and this fact, in- 
cidentally remarked, is one of the most serious obstacles in 
the way of introducing steam on the city railways, since the 
substitution of specially constructed steam-cars would render 
the present rolling stock, in which large capital is locked 
up, practically valueless). An accident to either the car or 
engine of one of these self-contained cars lays up the whole 
apparatus for repairs; while an accident with the indepen- 
dent system might lay up a car or an engine, but would leave 
one or the other free for use,as the car could be coupled to 
another engine, or the reverse. 

The subject also appears to have attracted an unusual 
share of attention abroad, especially in England and France. 
In Paris, for example, not less than thirty-five steam-motors 
were in daily use about August last; and new lines coming 
to the very heart of the city were under construction, which 
were to be operated by steam. It appears probable, there- 
fore, that during the past year we have witnessed the ini- 
tial steps of an innovation destined shortly to replace very 
largely the old system of horse-power traffic in cities. 

THE PATENT MODEL SYSTEM. 

A question which vitally concerns the inventors of the 

country, and which has given rise to much discussion pro 

and con, is the proposition to abolish the system, so long in 

vogue, of demanding models of inventions to accompany 

the application of the would-be patentee. The recent de- 

struction by fire of a portion of the Patent-office building, in 

which these models were stored, and the destruction of a 

large number of them, gave the opportunity for the oppo- 
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nents of the existing system to begin a war against it. The 
main arguments of those who favor the abolition of the 
model-system are, substantially, that in the great majority 
of cases a model is unnecessary, since the invention can be 

~ quite clearly and understandingly shown by a properly fin- 
ished drawing; that the rule making models obligatory, as 
the law now practically stands, is an unnecessary and bur- 
densome tax upon the resources of the inventor class, the 
cost of models being often so great as to deter inventors 
from patenting their inventions; that, in view of these facts 
and others of minor impoitance, it is unjust to tax twenty- 
nine inventors with the expense of a model which experience 
has shown to be necessary only in the thirtieth case; and 
that the system should be so changed as to require invent- 
ors to present models only in cases where, from the nature 
of the subject, the ideas of the would-be patentee cannot be 
properly understood by drawings alone, or in cases of suits 
in interference, etc., where they may be reasonably supposed 
to be necessary and of service. The conservative element 
that favors the continuance of the status quo urges in sub- 
stance, that, so far from being a hardship to the inventor 
class at large, it is really the best and only trustworthy safe- 
guard against the wholesale pirating of patented inventions ; 
and that, admitting that models may be in many cases dis- 
pensed with as unnecessary, and that in certain of such cases 
the rule requiring models may work individual hardship, 
the abandonment of the general rule would be unwise, and 
would operate disastrously upon the inventor class by bring- 
ing about a general depreciation of property-value in patents 
—a result which, it is strongly maintained, would be sure 
to follow the invitation to fraudulent practices which would 
be afforded by the absence of models, and the consequently 
greatly multiplied difficulties the examiners must then have 
to contend with in deciding the question of originality. 

It appears probable, at the time of this writing, that the 
discussion may result in a modification of the existing laws 
on the subject, by which the Commissioner of Patents will 
be vested with larger discretionary powers to demand mod- 
els only where, in the judgment of examiners, they are deem- 
ed desirable or necessary. 
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SHIP-CANAL PROJECT ON THE SEINE. 

The preliminary arrangements are being made at Havre, 
at the time of this writing, for the construction of a maritime 
canal from that port, touching at Harfleur, and joining the 
Seine at Tancarville, a point on the river about sixty miles 
below Rouen. This improvement is projected for the pur- 
pose of obviating the dangers of the navigation of the Low- 
er Seine by reason of fogs, the shifting sands, and the vio- 
lence of the tidal wave. According to description, the canal 
will consist of a single section of about seventeen miles in 
length, the western outlet of which will be in the Eure Dock 
at Havre. The plans adopted contemplate a canal with a 
minimum breadth of twenty-five meters. Plans have also 
been elaborated for the deepening of the channel of the 
Seine between Paris and Rouen to 3.20 meters; and the 
canal between Havre and Harfleur is designed to have a 
depth of 4.5 meters, to accommodate the passage of vessels 
of considerable draught of water. The work is estimated 
to cost about 21,000,000 francs, which will include all ac- 
cessory works, the planting of the banks with trees, the con- 
struction of a branch five hundred meters long to connect 
the port of Harfieur with the canal, and a basin of five hun- 
dred by sixty meters at Havre. We make the above state- 
ments on the authority of Saward’s. 

THE ALGERIAN INLAND SEA. 

This project, which received notice in our last year’s Rec- 
ord, appears to be further from realization than ever. Last 
year it appears to have been the subject of considerable dis- 
cussion in French scientific circles, and to have aroused some 
very serious objections to its advisability. The objectors 
are MM. Naudin, Dumas, and Daubrée, and their objections 
are based upon sanitary grounds. Their arguments as quot- 
ed in the London “ngineer are as follows: To fill with salt- 
water the shallow basins of the region which it is proposed 
to convert into an inland sea would be equivalent to repro- 
ducing in Algeria all the evil features of a series of marshes. 
The deepest portion would, it is admitted, not exceed eighty 
feet in depth, and the whole coast-line would be so shallow 
as to be but little else than a marshy bank, which, under 
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the influence of a tropical sun for eight months of the year, 
would doubtless become a focus which would develop and 
distribute all the evils of malaria. M. Roudaire, the origi- 
nator and champion of the scheme, has made a personal ex- 
amination of the region between Biskra and the Gulf of 
Gabes, and estimates that his project will necessitate the 
removal of some 20,000,000 cubic meters of sand, the prob- 
able expense of which will be about 30,000,000 francs. The 
alleged advantages of this project we have detailed in pre- 
vious volumes. 

FLOODING OF THE SAHARA. 

Mr. Donald Mackenzie has not yet abandoned his pet 
scheme for opening Africa to commerce by turning the 
waters of the Atlantic into the African desert. His present 
plan, as expressed before the Chamber of Commerce and the 
Philosophical Society at Bradford, England, is to utilize the 
vast plain or basin known as El-Jaf, containing an area of 
80,000 square miles. ‘This vast depression, which is affirmed 
by Mr. Mackenzie to be some two hundred feet below the 
ocean-level, and to have been formerly connected with the 
Atlantic Ocean by a channel now blocked up with sand, it 
is proposed to restore to its ancient condition as an arm of 
the sea by removing this barrier, and thus open a navigable 
highway for the commerce of the world to the very heart 
of Africa. 

ANOTHER AFRICAN PROJECT. 

The latest engineering scheme affecting this continent 
originates with Sir Samuel Baker, who proposes a plan by 
which not only the water of the Nile, but the silt (of which 
the greater portion is now wastefully deposited in the Med- 
iterranean Sea), shall be turned to good account as a fertil- 
izer of the deserts of Nubia, Libya, and the Soudan, He 
proposes in the London Z%mes the construction of a system 
of engineering works by which a portion of the Nile flood- 
water, with its annual burden of soil robbed from the fertile 
slopes of the Abyssinian plateaux, shall be diverted into 
these deserts, where it may deposit its rich sediment on 
the sands, and also irrigate them, so as to transform a desert 
into “ cotton-fields that would render England independent 
of America.” This desideratum he proposes to accomplish 
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by the erection of suitable dams and sluices at different 
points of the Nile—as, for example, at the cataracts. These 
structures, he concludes, would also greatly improve the nav- 
igation of the river. 

THE SIMPLON TUNNEL PROJECT. 

This project is still the subject of newspaper discussion, 
though nothing of a definite nature has transpired during 
1877 concerning it. We may record, however, the current 
report that a French company, having secured important 
concessions from the Italian Government, seriously contem- 
plates the undertaking. The projected line of road would 
commence at Brigue, which would thus become the interna- 
tional entrance station to the tunnel, which, according to the 
statements of the projectors, would have a length of 18,340 
meters. The Annales du Génie Civil affirms that the scheme 
is so far advanced that preliminary surveys for the tunnel- 
work and for the construction of the approaches are now in 
course of execution. 

DRAINING OF THE ZUYDER-ZEE. 

The engineering journals noted during the past year that 
active preparations were being made for the commencement 
of the long-projected work of draining the Zuyder-Zee. This 
work, which has been alluded to in former volumes of the 
Record, is of prodigious magnitude. It will require, accord- 
ing to estimate, sixteen years for its completion, and will 
cost about 335,000,000 francs. 

MISCELLANEOUS. 

During the past year, a commission of engineers appoint- 
ed by the Belgian Government to decide upon the merits of 
the several forms of continuous train-brakes reported in fa- 
vor of the Westinghouse system, after an extended series of 
experimental trials, and recommended its adoption upon all 
the Belgian state railroads. This recommendation, we un- 
derstand, has since been carried into effect. 

The hopes of the friends of Chinese progress have received 
a severe check in the action of the Chinese Government in 
regard to the Shanghai and Woosung Railroad, the first (and 
likely to be the last for some time to come) and only railway 
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in the Chinese Empire. For reasons best known to them- 
selves, the authorities, after securing possession of the road 
by purchase, entirely suspended its operations; and, if re- 
port be correct, dismantled the road and destroyed the roll- 
ing-stock. 

The Peruvian Government last year entered into an agree- 
ment with Mr. Henry Meiggs, the well-known contractor, for 
the construction of a drainage tunnel to make accessible the 
rich but long-abandoned silver-mines of Cerro de Pasco. 
This work, which is one of great importance, will probably 
be seriously affected by the death of Mr. Meiggs, which late- 
ly occurred. The St. Gothard tunnel has made satisfactory 
progress during 1877. 
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By WILLIAM H. WAHL, Ph.D., 
PuILADELPHIA, Pa. 

THE DUPUY DIRECT PROCESS. 

This process, which was first publicly announced at the 
monthly meeting of the Franklin Institute in November, 
1877, has been for nearly a year experimentally tested at 
Pittsburgh, and with such promising results as to justify one 
of the largest establishments of that city in erecting a plant, 
consisting of crusher, mill, furnaces, forge, etc., to test it 
commercially. The following gives in brief the novel feat- 
ures of the plan. Mr. Dupuy makes a suitable mixture of 
ground ore, flux, and coal-slack (and alkalies), and introduces 
the same into sheet-iron canisters of annular form, so that 
the heat of the furnace may penetrate the mixture from both 
the outer and the inner surface. The object sought to be at- 
tained by this plan is to secure the advantages of the close 
pot by employing a protecting envelope which will with- 
stand the high heat required for the reduction, and which, 
when the operation is completed, may be welded up with 
the metal. 

The inventor describes three methods of working the 
process, according to the purpose for which the metal is 
designed : 

1. For steel-making, the canisters are charged on end into 
the furnace, on a layer of coke a few inches in thickness. 
When reduced (in from five to seven hours), it forms a very 
firm metallic mass, which is removed and hammered, or 
thrown into a squeezer and rolled into muck-bar. The lat- 
ter is reheated, cut up, piled, and put into the steel-pot. 

2. The reduced metal may be remelted in a Siemens open 
hearth, with or without the usual carbonizing bath of pig 
and spiegel. 

3. The metal, when reduced, may be melted down in the 
same furnace and carbonized with pig-iron. The following 
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details may be instructive: “ Canisters of No. 26 sheet-iron, 
fifteen inches outside diameter and thirteen inches high, with 
a tube six inches diameter passing through and through in 
the centre, including top and bottom, will weigh six pounds. 
They will hold one hundred and sixteen pounds each of 67 
per cent. ore, besides the carbon and fluxes. Each canister, 
will yield from 7 75 to 80 per cent. of the metallic iron, sole 
ing the six pounds of sheet-iron canister. An estimate for 
metal transferred in the canisters, while hot, to the open- 
hearth furnace, sufficient for one ton of steel stock, exclusive 
of wear and tear and general expenses, foots up to $17.23.” 

ANOTHER DIRECT PROCESS, 

The invention of Dr. Siemens, has also been spoken of during 
the year. The inventor is still engaged in experimenting, 
with the view of further improvements, and hence no results 
are available. So far as we can learn, the process consists 
in melting cast-iron and iron ore together in a furnace, by 
which the carbon of the former combines with the oxygen 
of the latter, and leaves the resulting mass free from carbon. 
From time to time samples of the metal are drawn from the 
furnace and the progress of the transformation observed. 
When all the carbon has disappeared, a requisite quantity 
of spiegel-eisen is added, and the mass thereby converted, 
as in the Bessemer process, into steel. 

COMPARISON OF A COAL-FURNACE AND A SIEMENS GAS- 

FURNACE IN THE MANUFACTURE OF PLATE-GLASS. 

The following comparative statement, furnished by one of 
our leading Western establishments, affords a striking evi- 
dence of the superiority of the gas-furnace in this special 
industry : 

The coal-furnace contained twelve pots, each having a 
capacity of 800 pounds—giving, therefore, 9600 pounds to a 
melt, averaging twelve hours to a heat, and consuming 
twelve tons of coal per twenty-four hours. The flame in- 
tensity was unequal, and in consequence of this non-uniform- 
ity of heating, the breakage of pots was considerable. The 
quality of class made was variable; and from the impure 
character of the flame, the pots needed considerable skim- 
ming. 
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The Siemens gas-furnace that replaced the above contain- 
ed sixteen pots, each having a capacity of 1000 pounds— 
giving, therefore, 16,000 pounds to a melt, averaging twelve 
hours to a heat, and consuming four and a half tons of coal 
per twenty-four hours, The quality of product was uni- 
formly excellent. If required, eight melts per week can be 
made. ‘The uniformity of the heating and the purity of the 
flame effected a notable saving of pots (as much as 50 per 
cent. over the old furnace). But trifling skimming was re- 
quired, and the yield of product per melt is fully 30 per cent. 
greater than in the coal-furnace. 

The gas-furnace supplying the above facts was started in 
August, 1877, and at the time of writing shows but little 
wear; and during September but four pots out of the six- 
teen were broken. 

TELEGRAPHY. 

The report of the President of the Western Union Tele- 
graph Company for the year ending June 30, 1877, showed 
that the company operated 76,955 miles of line and 194,323 
miles of wire—being an increase of 3423 miles of line and 
10,491 miles of wire as compared with the preceding year. 
These data do not, of course, include the lines operated 
by rival companies, and by numerous railroads and other 
corporations and business firms throughout the country, and 
which would very largely swell the figures named above. 
The arrangement made last year between the Western 
Union Company and the Atlantic and Pacific Telegraph 
Company, by which the gross receipts of the combined 
companies shall be pooled and divided upon a certain basis 
agreed upon, was one of the notable commercial events of the 
past year, the substantial business effects of which consoli- 
dation will be likely to accrue to the companies more palpa- 
bly than to the public. The quadruplex system has been 
largely introduced in this country during the year, and is 
rapidly growing in favor in England. 

The agitation of the question of underground lines in cit- 
les, which was more earnest than ever before, does not ap- 

pear to have borne any substantial fruit during the past 
year in this country. Abroad, however, the German Goy- 
ernment has been steadily perfecting and completing an ex- 
tensive network of subterranean lines to connect the chief 
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cities of the empire. The successful completion of the line 
laid down between Berlin and Halle (a distance of about 
one hundred and five miles), which went into operation tow- 
ards the close of 1876, appears to have given great impetus 
to the system in that country. The following lines have 
been decided upon, and at the time of this writing several 
have been either completed or have been well advanced, viz. : 
Halle-Leipsic, Halle-Cassel-Frankfort-Mayence, Berlin-Ham- 
burg, and Hamburg-Kiel. The practical working of these 
lines will be watched with very general interest, since they 
are expected to definitely decide the question of the prac- 
ticability of the underground system, not simply for cities, 
where its utility has long since been demonstrated by gen- 
eral use abroad, but as a substitute for the aerial system in 
general. Up to the present time the Berlin-Halle cable, the 
only branch of which any report has appeared, has given en- 
tire satisfaction. 

THE ARTICULATING TELEPHONE, 

Although first presented to the world in crude form at the 
Centennial Exhibition in 1876, was so greatly improved and 
simplified during the past year that we may date its intro- 
duction as a practical telegraphic apparatus from the 4th of 
May, 1877, when Professor Granam Bell exhibited to an au- 
dience in the Boston Music Hall a speaking telephone in op- 
eration between that place and Providence, forty-three miles 
distant. The apparatus, since this first public demonstra- 
tion, from its great novelty and possible utility, attracted 
almost universal attention, and was described and exhibit- 
ed before scientific societies and public lectures with great 
éclat ; and at the time of present writing has been largely 
introduced both at home and abroad as a means of commu- 
nication in a great variety of situations. The longest line 
in actual operation at the present is that between Boston 
and New York, a distance of two hundred and fifty miles. 
The first practical application of the instrument was made 
by the Board of Water Commissisners of Cambridge, Mass., 
between the central office and the water-works under their 
control. Up to the close of the year, it is safe to say that 
several thousand of these instruments are in practical use 
in the United States, in very various situations; and their 
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use promises to become almost universal. Experiment has 
shown that the Bell telephone can transmit articulate speech 
through a resistance equal to five hundred and fifty miles of 
telegraph wire. In practice, however, it has not been found 
possible to speak through this distance, partly from loss of 
current by interference of induced currents from other wires, 
and partly on account of loss by leakage. It is impossible 
to say to what degree of perfection the instrument may not 
be brought by subsequent improvements. 

THE PHONOGRAPH. 

An apparatus which shall make a permanent graphical 
record of spoken words or musical sounds, and by means of 
which we may be able, at any future time, to reproduce, in 
audible form, the same sounds it has recorded, and with all 
the peculiarities of pronunciation and inflection—in other 
words, a veritable talking-machine—has been successfully 
realized in practice by Mr. T. A. Edison, who has styled it 
the phonograph. Although as yet imperfect, it is neverthe- 
less sufficiently practical to prove beyond doubt the practi- 
eability of a talking-machine that will store up sounds indef- 
initely and reproduce them at pleasure. To venture an opin- 
ion of its possible utility at this time would be premature. 

ELECTRIC LIGHTING. 

During the past year considerable attention has been di- 
rected towards the subject of electric lighting. The inter- 
est developed was mainly due to certain inventions of M. 
Jablochkoff, who has succeeded in producing a very much 
simplified form of lamp, by means of which, without the ne- 
cessity of employing clock-work or other mechanical arti- 
fices, it is rendered possible to work a number of lights inde- 
pendently on the same circuit, so that an accident to or the 
extinction of one lamp will not affect the others. 

The device above alluded to, known popularly as “The 
Jablochkoff Electric Candle,” consists essentially of two rods 
of gas carbon, held side by side by a holder of asbestos, but 
kept slightly apart by the interposition of a slender rod of 
some insulating material (kaolin, glass, etc.). The carbons 
are held in tubes of copper, and copper wires in connection 
with these conduct the current from the dynamo-electric 
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machine employed to supply the power. The heat of the 
electric are is sufficient to vaporize the insulating material 
employed between the carbons, as these are consumed, and 
thus their relative distances are preserved. The alternation 
of the current provides for any unequal consumption of the 
carbons. ‘The candle may be used in any position. It ad- 
mits of being lighted at a distance by placing previously a 
piece of pencil-lead between the carbons, which allows the 
current to pass at first, but gradually consumes, after which 
the brilliant arc appears. The gradual fusion, also, of the 
insulating material increases the length and intensity of the 
light produced. It has been suggested, likewise, that the 
candle might be employed for transmitting signals by flash- 
es, inasmuch as it may be repeatedly relighted after being 
extinguished by the breaking of the circuit, provided the 
interval be not too long. This invention has undoubtedly 
carried us a decided step forward towards proving the en- 
tire practicability of the electric light for general lighting 
purposes. The cost of operating is said to be considerably 
lower than that of coal-gas, experiments at the West India 
Docks, London, having afforded the ratio of 30 to 100, show- 
ing a saving, estimated on an equivalent quantity of light 
supplied by both methods, of 70 per cent. in favor of the 
electric light. 
We may also mention, in this connection, the fact that an 

electro-magnetic machine designed by Loutin, and by which 
a number of independent currents of different strengths are 
generated and distributed to separate circuits to feed a 
separate light in each, has been tried with much success in 
France. 

In connection with light-house illumination, the compara- 
tive trials of the magneto-electric machines of Siemens, 
Gramme, and Holmes at the South Foreland Light-house, 
made under the direction of Professor Tyndall, are worthy 
of notice. These trials appear to have established the su- 
periority of the Siemens machine. 

UTILIZATION OF BLAST-FURNACE SLAG. 

It is worthy of remark that during the past year the sub- 
ject of turning this waste product of the iron-manufacture 
to good account has attracted a considerable share of atten- 
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tion in view of the revival of certain suggestions concern- 
ing its possible utilization, and the success of certain proc- 
esses in actual use. The following are some of the suggest- 
ed uses of this material: It has been proposed to cast it, in 
imitation of stone, directly into paving and building blocks, 
slabs, and pipes ; or to color it before casting for making it 
into decorative tiles and other shapes to imitate marbles and 
other highly prized decorative stones; to pulverize it for use 
as cement, with lime; to granulate it, or pulverize it as a 
material for building-sand, or as the basis of a roofing-mate- 
rial; to produce therefrom the commoner varieties of glass; 
and to blow it by means of a steam-jet into the condition of 
a fine wool, to serve the general purposes of a non-conductor 
of heat. Some of these suggestions have been tried and 
abandoned ; others, however, have been found to give prof- 
itable results, and are successfully practised. This is not- 
ably the case in Germany at the Georg-Marien Hiitte at Os- 
nabrtick, where large quantities of slag are granulated and 
made (with mortar) into excellent and very popular build- 
ing-blocks or bricks. The yearly production at this furnace 
alone is not less than 7,000,000 at the present time, and its 
total production up to the close of 1876 had reached 29,- 
500,000. 

Of still greater possible utility is the suggestion made by 
Mr. Bashley Britton before the British Iron and Steel Insti- 
tute to utilize this waste product for producing the cheaper 
varieties of glass. Mr. Britton contends that while it is un- 
fitted for the production of perfectly white glass—from the 
amount of iron which it contains—yet for all glass in which 
a tinge of color is either desired or is not detrimental—and 
this includes a large percentage of all the glass that is made 
—the slag will be found quite well adapted, the percentage 
of iron which it contains being actually beneficial, since, 
being capable of replacing other fluxes, it will lessen the 
amount of alkali that would otherwise be required. Mr. 
Britton, in his very instructive paper, goes into much detail 
to show how glass-making can be profitably introduced in 
many locations in connection with iron furnaces. His plan 
is at present being tried, we understand, in one or more lo- 
cealities in England, and the practical results will be looked 
for with great interest. 
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More curious, and not less useful, is the production of min- 
eral wool above alluded to, This material, known also un- 
der the names of slag-wool and silicate cotton, is said to be 
made extensively at the Georg-Marien Hiitte at Osnabriick 
and at Krupp’s furnaces, in Germany, and to be largely used 
in England as a non-conductor upon steam-pipes, boilers, ete. 
This manufacture was made the subject of a patent in this 
country in 1871 by Mr. John Player; and though the mate- 
rial then produced was crude in comparison to what is now 
produced, its non-conducting qualities gained for it a favor- 
able report from a committee of the Franklin Institute by 
whom it was examined in that year. Since then, however, 
Mr. Alexander Elbers has greatly improved the process of 
manufacture and the products; and we are assured of the 
somewhat surprising fact that since 1876 no less than 1,000,- 
000 pounds of the material have been made at the Clove 
Furnace, Greenwood. 

COLD-PUNCHED vs. HOT-PRESSED NUTS. 

The method of producing nuts by a process of cold-punch- 
ing, which was alluded to in an earlier volume of the Lecord 
as a mechanical feat of extraordinary character, has achieved 
a signal triumph during the past year, by reason of the re- 
sults of a series of competitive tests of nuts made by this 
and by the usual method of hot-pressing, which results 
showed most decidedly the superiority of the new process 
over the old. 

The tests in question were made by Professor R. H. Thurs- 
ton at the mechanical laboratory of the Stevens Institute of 
Technology ; and while we have not the space to enter into 
the details of the experiments, it may suffice to say that the 
tests were made both by stripping stress and bursting stress, 
and were so elaborately and carefully conducted, upon a pro- 
gramme mutually agreed upon by the representatives of the 
rival systems, as to be apparently conclusive. 

The results of the trial, according to Professor Thurston, 
may be taken as conclusive in proving: “ First, that the cold- 
punched nuts possessed a much greater average strength, 
combined with greater rigidity, and slightly greater uni- 
formity than were exhibited by the hot-pressed nuts; and 
that the superiority was most strongly manifested in the 
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trials by stripping stress. Second, that the cold- punched 
nuts exhibited a strength never attained by the hot-pressed 
nuts, but that such variations in the strength of both styles 
occurred as to have caused the hot-pressed nuts to equal, 
and occasionally to excel, in strength the weakest specimens 
of cold-punched nuts.” 

IRIDESCENT GLASS. 

Some interesting results of experiments upon the artificial 
production of the iridescent glass of the ancients, so highly 
prized by antiquarians, have been reported by two French 
chemists, MM. Frémy and Clémandot. These investigators 
ascertained by observation that glass, when subjected to con- 
ditions which determine its gradual decomposition, becomes 
covered with slender laminze which present the remarkable 
phenomenon of irisation. They have succeeded, according to 
account, in producing this irisation on glass so that it shall 
present the peculiar appearance of mother-of-pearl, by sub- 
mitting it, under the influence of heat and pressure, to the 
action of water containing 15 per cent. of hydrochloric acid. 
Only certain kinds of glass, however, are suited for this treat- 
ment, and the conditions of composition as well as those of 
annealing affect the result. 

It is not improbable that this observation may be the ini- 
tial step to the restoration of “a lost art” or the establish- 
ment of a new one. The products of this new manufacture 
—ornamental vases, cups, bowls, etc.—which appear to have 
already been placed upon the market abroad in considerable 
quantity, though very beautiful, are said to be as yet much 
inferior to the Assyrian or Egyptian iridescent glass, in the 
production of which time is held to be an important factor. 

MISCELLANEOUS. 

Some attention was attracted among iron-workers by the 
announcement of the discovery, by Professor Barff, of a meth- 

od by which iron may be effectually prevented from rusting, 

and, ‘however much exposed to the weather or corrosive va- 

pors or liquids, rendered practically indestructible and ever- 

lasting.” The process in question consists, substantially, in 

subjecting the iron to the action of superheated steam, where- 

by it acquires a thin but firmly adherent coating of magnetic 
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oxide, which, it is affirmed, by its great indifference to at- 
mospheric and chemical agencies, effectually protects the 
underlying metal from further change from these causes. 
Dr. Perey has confirmed the importance of this method; 
and, in a paper read before the last meeting of the British 
Iron and Steel Institute, laid down the general proposition 
that the most effectual mode of protecting metals from at- 
mospheric action is to impart to them “a coating of their 
own oxides respectively.” This very rational generalization 
he demonstrated to be correct in the cases of iron, copper, 
and lead. 
A new process of electroplating, which may become of 

great utility, has been described in Sitlliman’s Journal, by 
Professor A. W. Wright, of Yale College. It is based upon 
the fact that the various metals may be volatilized by the 
electrical current. He provides a hollow vessel, from which 
the air has been partly exhausted, and arranges therein at 
proper distances apart the poles of an induction coil—the 
article to be electroplated being suspended between the 
poles. The negative pole carries a small piece of the metal 
that is to be deposited, and a battery of three to six or any 
number of cells is employed as may be necessary. The met- 
al volatilized by the spark is condensed on the cold surface 
(glass, ete.), forming a firmly adherent, brilliant, and uniform 
coating. The invention has already been successfully ap- 
plied in practice, and promises to become valuable. 

The prize offered by the Prussian Minister of Commerce 
and Industry for a method of preparing plaster casts so that 
they may be washed when necessary without impairing 
their sharpness, was lately awarded to Dr. Reissig, of Darm- 
stadt, who offered the following suggestions: Ist, to con- 
vert the sulphate of lime into the sulphate of baryta by 
washing the surface with strong baryta water; and, 2d, to 
convert the sulphate of lime into silicate by the application 
of silicate of potassa. The object to be attained is to form 
a surface which shall not dissolve in water and shall prevent 
dust from entering the pores. The above methods of treat- 
ment render plaster casts indifferent to the action of hot 
water and soap, but leaves them porous and capable of re- 
taining dust, so that an additional treatment is necessary to 
remedy this defect. This consists in the application of an 
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alcoholic soap solution, which, on evaporating, leaves a layer 
of soap on the surface effectually stopping up the pores. 
From the official decree of the Superior Council relative 

to the matter of awards at the coming Exposition in Paris, 
it appears that the sum of 1,500,000 francs has been appro- 
priated for that purpose, which sum will be awarded and 
distributed by a jury composed of three hundred Frenchmen 
and three hundred and fifty foreigners. The foreign jurors 
are selected by their respective governments, and those of 
France by the Superior Council. This international jury is 
to complete its work between June 1 and September 1, 1878, 
inclusive. The distribution of awards is fixed for September 
10,1878. The rules and regulations for the government of 
the jury are the same as those of the Centennial Exhibition 
of 1876. 



INDUSTRIAL STATISTICS. 

By WILLIAM H. WAHL, Ph.D., 

PHILADELPHIA, Pa, 

The following compilation from the carefully collected 
statistics of the American iron trade for 1876 is made as 
nearly as possible uniform with that published in our last 
year’s Lecord, to render comparison easy: 

PRODUCTION OF PIG-IRON IN 1876. 

The secretary of the American Iron and Steel Association 
reports that the production of pig-iron in the United States 
in 1876 was 2,093,236 net tons (a very slight variation from 
his estimate as furnished to our last), against 2,266,581 
tons in 1875, 2,689,413 tons in 1874, 2,868,273 tons in 1873, 
and 2,854,558 tons in 1872. A comparison of these figures 
shows a decrease in 1876, as compared with 1875, of 173,345 
tons, or about 8 per cent. Commenting upon his figures, 
the secretary says: “Since 1873 — the year of greatest pro- 
duction—each year has shown a decrease as compared with 
the preceding years, the percentage of decrease being as fol- 
lows: 1874, 6 per cent.; 1875, 15 per cent.; 187655 0pee 

cent. From 1873 to 1876 the decrease has been 775,042 
tons, or 27 per cent. This is a very great shrinkage, and in- 
dicates, with concurrent low prices, a very great depression 
in the pig-iron industry of the country. If the rate of de- 
crease which marked the period from 1873 to 1876 were to 
be continued, the production of pig-iron in the United States 
would entirely cease in 1884—less than eight years from the 
present time; and our furnace-stacks would only be useful as 
observatories for the study of astronomy.” 

The secretary does not admit, however, that things are so 
bad as they at first appear, and points to the marked diminu- 
tion in the percentage of decrease in 1876 as compared with 
that of 1875, and to the decided diminution of stocks on 

hand and unsold at the close of 1876 (106,110 tons less than 
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at the close of 1875), as strong symptoms of an early increase 
in the manufacture of American pig-iron. This judgment is 
confirmed by the following statement, politely furnished by 
the secretary to the writer, giving his estimate of the pro- 
duction of pig-iron during the year 1877,to wit: “This year 
[1877] we will make a little more pig-iron than last year— 
probably 2,200,000 net tons. The other items of production 
will stand about the same in 1877 as in 1876.” 

Of the total production of 1876, 794,578 tons were smelted 
with anthracite coal, 990,009 tons with bituminous coal and 
coke, and 308,649 tons with charcoal. The whole number of 
completed furnaces in the country at the close of 1876 was 
714 (against 713 in the preceding year). ‘Ten new furnaces 
were built in 1876, and 9 old ones were abandoned. Of this 
total of 714 furnaces at the close of 1876, 236 were in blast 
and 478 out of blast. Of the product of 1876, Pennsylvania 
made 48.2 per cent. and Ohio 19.2 per cent., both increas- 
ing their percentage of production as compared with the 
preceding year. The other iron-making states, with few ex- 
ceptions, decreased their production as compared with 1875. 

CONDITION OF BLAST-FURNACES OCTOBER 1, 1877. 

For comparison with a similar statement given in last 
year’s Record, we append herewith a summary of a detailed 
statement published by the Zron Age of New York, showing 
the condition of the blast-furnaces of the United States on 
October 1, 1877: 

Number of charcoal-furnaces in blast (weekly capacity 7887 tons).. 89 
Number of charcoal-furnaces out of blast (weekly capacity 12,957 

oh oe ee errr 176 
Number of anthracite-furnaces in blast (weekly capacity 17,067 tons) 86 
Number of anthracite-furnaces out of blast (weekly capacity 25,268 

Re IEEE ols. = oh ravens De seen cecvcedcceces ddvan 140 

Number of bituminous or coke furnaces in blast (weekly capacity 19,- 
RMSE ee Too sow asco cc doc warrecscscs es csue aa” 77 

Number of bituminous or coke furnaces out of blast (weekly capac- 

Me PUTED yar oa ou oo eo so o's nt se woes cnes secs eens waeeer 136 
Tour inpusees in blast, October 1, 1877 .......0...22ccccccescnsess 252 

Total furnaces out of blast, October 1, 1877. ........0.ccececerccecs 452 

Weekly capacity of furnaces in blast (tons) .....-..-.+.eseeeeeeeees 44,624 

Weekly capacity of furnaces out of blast (tons)........-+.+es+-e eee 67,995 

A comparison of these figures with those of the preceding 



408 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

year indicates that a larger percentage of charcoal and an- 
thracite furnaces were in blast in 1877 than in 1876; while 
with bituminous furnaces there has been no change. 

THE COMPARATIVE PRODUCT OF PIG-IRON BY STATES, 

For a series of years, is shown in the accompanying table, 
based upon the statistics collected by the association from 
manufacturers, viz. : 

Oyo 
Whole Number|| 8 5 & 
Completed Fur-|| «5 & Make of Pig-iron in net tons, 

STATES. naces, Decem- || ~ 3 = (Tons of 2000 pounds.) 
ber 31. Des 

Ss © 
1873 | 1874|1875| 1876]| In. |Out.|/__ 1873. 1874. 

Mame woes. 256 cE ei le 8 as 780) 1,661 
Vermont...... | ae ie) ie ed 3,100, 3,450 
Massachusetts .| 6| 6] 6) 6] 1; 5] 21,186) 27,991 
Connecticut...| 10) 10} 10) 10} 4) 6) 26,977; 14,518 
New York. .... 53] 58) 57| 57|| 23) 34)| 296,818) 326,721 
New Jersey....| 16) 17) 18) 18) 4) 14) 102,341) 90,150 
Pennsylvania .. "|262 266/278 279) 113/166 L 389, 573 1,213,133 
Maryland...... 22) 23) 24] 24) 5) 19 55, 986 54,556 
Warcinial: O22... 35| 38} 34! 33)) 6) 27 26, 475; 29,451 
North Carolina.} 8) 8} 8} 8j...| 8 11432 1,340 
RFCOTIID occ. «se 8} 10} 12) 11)) 2) 9 7,501 9,786 
Alabama....... 11| 14) 14) 13) 5) 8] = 22,283) 32,863 
ig oe et a a Bh 280) LOS eeeee 
West Virginia..| 6) 9] 12/ 12] 1/ 11]) 23,056] 30,134 
Kentucky...... 25| 27| 23) 23] 4| 19 69, 889| 61,227 
Memnessee ..... 20) 22) 22) 24) 5) 19) 43, 134) 48,7 
COTO CT gases os 88) 93)100 100} 38 62) 406,029 425, 001 
Indiana. .’.../:... 8| 8 9 9 3] GO 32,486 rey 732 
TROIS... . 10} 10} 12) 12 3) 9 55,796) 37,946 
Michigan ...... 33| 34| 34! 34)) 7 27) 123,506 136,662 
Wisconsin..... 13} 14) 14] 14) 5) 9 74,148} 50,792 
Miiseourt....... 18; 19] 19) 19) 6) 18) 85,552) 75,817 
Oregon........ teal ads TNS AT AU 2/500 
a ee Wie NF a | ae 200 
Minnesota.....|... | a} 4 | 4 LIL Whe ove oe clee calles eae eae 
on ae 657 693/713 714 (236/478) 868,278 2,689,413) 2,266,581|: 

RECAPITULATION. 

cet 
Boal ES oe e Make of Pig-i i tt ompleted Fur-|| #5 = ake of Pig-1ron 1n net tons. 

KINDS OF : Fae p : ‘A PIG-IRON, ote as ES (Tons of 2000 pounds.) 

28 9, 
1973] 1874[1875]1876|| In. [Out|[ 1873. | 187% | 1875. 1876. 

|Anthracite..... 207 217/225 /228)| 85)143)/1,312,754/1,202,144) 908,046) 794,578 
Ohateoaie... 3 279) 295} 281 |280|| 73/207)| 577,620) 576,557) 410,990) 308,649 
Bituminous coal 
| and coke...../171 181/207 /206)| 78128) 977,904) 910,712) 947,545) 990,009 

| Tots ee. (652 693) 713|714||286 478)|2, 868,278 2,689,413 2,266,581) 2,093, 236 

RPG pie 
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PRODUCTION OF ROLLED IRON IN 1876. 

The association statistics place the total production of all 
kinds of rolled iron in the United States in 1876 at 1,921,730 
net tons, as compared with 1,890,379 tons in 1875, 1,839,560 
tons in 1874, and 1,966,445 tons in 1873. The production in 
this branch of our iron manufacture, it will be observed, 
has maintained a remarkable uniformity for several years, 
indicating that the rolling-mills of the country have been 
actively employed. 

RAIL PRODUCTION IN 1876. 

There were rolled in 1876 879,629 net tons of iron and 
steel rails of all sizes, against 792,512 tons rolled in 1875— 
showing an increase of 87,117 tons, or 11 per cent., upon the 
make of 1875. Of this total production for 1876 there were 
412,461 tons of Bessemer rails and 467,168 tons of iron rails, 
against 290,863 tons Bessemer and 501,649 tons iron rails 
in 1875. These figures show not only that the Bessemer 
industry is rapidly expanding, but that the Bessemer rail 
production has practically overtaken that of iron. Distrib- 
uted throughout twenty-five states and Wyoming Terri- 
tory, there were, at the close of 1876, 338 rolling-mills, with 
4488 puddling-furnaces. Of this number of mills 260 were 
in operation during the whole or part of the year. The 
capacity of the mills of the country is at least double the 
production of 1876. 

THE BESSEMER-STEEL INDUSTRY. 

In 1876 there were 11 Bessemer steel establishments in 
operation in the United States. These were located as fol- 
lows: 5 in Pennsylvania, 3 in Illinois, and one each in New 
York, Ohio, and Missouri. The number of converters in use 
in 1876 was 22. The details of production appear from the 
following table, viz. : 

ee 1874, | 1875. | 1876. 
Net Tons. Net Tons. "Net Tons. 

Pig-iron and spiegel converted........... 204,352 | 395,956 | 539,474 
ee EOUICEE =, 25a tts k se cee eee ene 91,933 | 375,517 | S2Za,900 
Cs SPT ea ; 290,863 | 412,461 
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The Bessemer-steel industry consumed during 1876 one 
fourth of the pig-iron product of that year; and the propor- 
tions to which it has attained entitle it to rank as a leading 
branch of the iron industry of the country. The use of Bes- 
semer metal as a substitute for wrought iron and other kinds 
of steel is steadily increasing. 

The accompanying table, showing the production of Bes- 
semer rails for a series of years, completes our annual review 
of this industry as far as January, 1877, viz.: 

Years. | Net Tons. Years. Net Tons. 

1867 2,550 1872 94,070 

1868 7,225 1873 129,015 

1869 9,650 1874 144,944 

1870 34,000 1875 290,863 

1871 38,250 1876 412,461 

Showing a total production since 1867 of 1,163,028 net tons. 

STEEL PRODUCTION OTHER THAN BESSEMER. 

From the elaborate statistics of Mr. Swank we are enabled 
to glean that during the year 1876 the production of crucible, 
puddled, blister, and open-hearth steel, in the forty-seven es- 
tablishments at work in the country, was 71,178 net tons, 
against 61,058 tons in 1875 and 49,681 tons in 1874. Of the 
product of 1876, 39,382 tons were crucible steel, 21,490 were 
open-hearth, and 10,309 puddled and blister steel. The fol- 
lowing table shows the production by states and districts: 

| oe tates making | Crucible Steel. : earite reg Total. 
eel in 1876. Blister Steel. 

Net Tons. Net Tons. 

New Bnugland............. 6,085 7,183 
PURAION OTN. ce esse seca es 139 2,439 
oS 652 7,458 
Pemnsyivania....--.. 5.0%: 15,148 43,365 
es ino om a wn ss 9,558 10,258 
Maryland and Tennessee. . 214 475 

1S eS eA eee 31,796 71,178 

PRODUCTION OF IRON AND STEEL BY THE OPEN-HEARTH 

PROCESS (on the authority of Messrs. Richmond and Potts). 

Steel or homogeneous iron made by the Siemens open-hearth fur- 
naces during the year 1876 (net tons) ... <6... 0.500 slessel 24,069 

‘Total number of Siemens’s furnaces in the iron and steel works of the 

United States to dates:..c sss vn tee i 141 
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For heating iron or steel, capacity of each furnace from 20 to 
emer Her, 24 HOUIS. 124 2.22. as os es ac ees Oss tae eee 86 furnaces. 

For melting steel on the open hearth................seceeeees r-} ee bee 

For melting steel in crucibles (each furnace of 24 or 30 pots 
De sa lho ao mips cies wins 0b din ooin nn es see eT ie 

The total capacity of the Siemens crucible steel-melting 
furnaces is 828 pots per heat, representing an annual pro- 
ductive capacity of 33,000 tons in 250 working days. The 
following are new furnaces erected during the year 1877: 

(DELS NES 8 Ogee ie She ae 4 furnaces. 
UE ELS es 2 Strg] lr aaa 2. ives 

PCHIMPEIEAMOOE SHCEN neces sce cess ccc es oc ees sees - ors Let pe 

Besides the above, the furnace, during the year 1877, has 
been introduced with excellent results for the manufacture 
of glass and the smelting of zinc ores. 
We add to the above the following estimate of produc- 

tion for the year 1877 (furnished by Messrs. Richmond and 
Potts): 

By Siemens’s crucible steel-melting furnaces (net tons).... 31,920 
5 $ open-hearth furnaces (net tons)...........-.. 42.168 

THE PRODUCT OF THE FORGES AND BLOOMERIES 

For the year 1876 is placed at 44,628 net tons, as compared 
with 49,243 tons during 1875. 

GENERAL ANALYSIS OF TOTAL IRON AND STEEL PRO- 

DUCTION. 

The following table carries the figures presented in our 
last Annual Record to January 1, 1877. It is an analytical 
statement of production, in net tons, of the several branches 
of iron and steel industries, and affords a comprehensive 
view of the condition of the several branches of the iron 

trade for a series of years, as derived from the statistical re- 

ports of the American Iron and Steel Association, and which 

may therefore be regarded as approximating as nearly to 
the truth as it is possible to attain in a review of allied in- 

dustries of such magnitude. 
The most noticeable feature of this table, it will be ob- 

served, is the enormous increase of the figures referring to 
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the Bessemer steel industry, and the considerable increase, 
though on a scale of lesser magnitude, of the figures of pro- 
duction of open-hearth steel. 

As before remarked, the corresponding figures for 1877 
must be omitted, as the very rough approximation that 
might be ventured would have but little value. 

Products. 1873. 1874. 1875. 1876. 

Net Tons. Net Tons. Net Tons. Net Tons, 

eh Sa 2,868,278 | 2,689,413 | 2,266,581 | 2,098,236 
All-rolled iron, in-) 

cluding nails and - | 1,966,445 | 1,839,560 | 1,890,379 | 1,921,730 
GRO ae 

All-rolled iron, in-) 
cluding nails and + | 1,076,868 | 1,110,147 | 1,097,867 | 1,042,101 
excluding rails...) 

Rails of all kinds...... 890,077 729,413 792,512 879,629 
Bessemer steel rails... 129,015 144,944 290,863 412,461 
Tron and all other rails. 761,062 584,469 501,649 467,168 

Street rails, included ) 9,430 6,739 | 16,340 | 13,086 
POM TAS... - . j 

Kegs of cut nails} | 4 994 704 | 4,912,180 | 4,726,881 | 4,157,814 
and spikes....... 

Crucible cast steel.... 32,786 34,128 39,401 39,382 
Open-hearth steel..... 3,500 7,000 9,050 21,490 

oT eens a ee Ee 6,353 | 12,607 | 10,806 
cluding Bessemer. } 

Total Bessemer steel. . 170,652 191,933 avasal ys 525,996 

ems fromoreiand \! \\.. go/5g4 “61.070 | V4oraeeue ener 
PREP OTN fc aa.s o/s «0: j 

THE IRON TRADE OF THE UNITED STATES IN 1877. 

From the most recent statements that have appeared in 
the Budletin of the American Iron and Steel Association, it 
appears that while the year 1877 has proved to be the most 
disastrous of any since the panic, the demand for our iron 
and steel products was greater than during the year 1876. 
The secretary estimates that the production of pig-iron dur- 
ing 1877 exceeded that of 1876 by about ten per cent., and 
thinks that it will approximate to that of 1875, which was 
2,266,581 tons. The production of Bessemer steel during 
1877, he affirms, will fully equal the product of 1876 (525,- 
996 net tons ingots, and 412,461 tons rails). The production 
of steel rails in 1877, he believes, will not vary greatly from 
450,000 net tons. In iron rails, however, he anticipates that 
the year 1877 will show some falling-off. The secretary no- 
tices that the imports and exports of iron and steel in 1877 
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will correspond very closely to the figures of 1876, and that 
they will show no change in quantities and values worthy 
of special mention. 

COAL TRADE OF 1877. 

The Engineering and Mining Journal estimates the pro- 
duction of anthracite in 1877 to have been about twenty-one 
million tons, or about two million tons more than in 1876. 

The production of bituminous and post-carboniferous coals is 
estimated by the same authority to have amounted to more 
than twenty-eight million tons, gross—making an aggregate 
coal production for the United States of nearly fifty millions 
of gross tons, or, say fifty and three quarter million metric 
(net) tons. The estimated production of anthracite by re- 
gions is given as follows: 

Gross Tons. Gross Tons. 

Wyoming region........ 8,300,000 | Schuylkill region........ 8,600,000 

Lehigh eres 4,400,000} Loyalsock ‘* ........ 23,000 

ob dipedsceenttet eee 21,323,000 

The exports of coal for the fiscal year ending June 30, 1877, 
were 418,791 tons anthracite and 321,665 tons bituminous. 

PRODUCTION OF PRECIOUS METALS IN 1877. 

Although somewhat too early for the presentation of pre- 
cise figures of production of the precious metals for the past 
year, we are in possession of official statements from two 
sources which certainly approximate very closely to accu- 
racy. The estimate of Wells, Fargo, and Co. of the produc- 
tion of the precious metals in the states and territories west 
of the Missouri River, including British Columbia and the 
west coast of Mexico, during 1877, shows an aggregate yield 
of $98,500,000—an increase of $7,500,000 over that of 1876. 
The Engineering and Mining Journal gives a more detailed 
estimate, which corresponds very closely with the foregoing, 
V1Z.: 

Tai $1,500,000 | Nevada. .....--.----+- 90,000,000 

CLINT a ea 20,000,000 | New Mexico........... 500,000 

GIR a 7,500,000 | Oregon and Washington 1,000,000 

MaGOtass2223..2...--..- £,500,000| Wtalt:::) 22)... 2 4,500,000 
OT ie 3,500,000 | Wyoming: ... 0. 2 aeae 250,000 

Meinl... 5-6 s +s 5,000,000} Total ............. $95,250,000 
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This amount, divided among the several metals produced, ? 
gives the following result: 4 

Bold <i: Ree eek $45,300,000] Lead.........0s0-0-+0 $2,900,000 
RSULV GL, weiner Se erie on 46,075,000 | Coppery tna fas nteeeiens 97,5000 

Ree an So sya Sey s Fee Sele hd oe OR dah yola Mees eng eee ee $95,250,000 

The totals here given show an advance of about 8 per cent. 
on the figures of last year. 
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Anthony, J. G. Curator of the department of Conchology in the Mu- 

seum of Comparative Zoology, Cambridge. Born at Providence in May, 
1804. Died in his seventy-third year. ; 

Apjohn, Richard. A young chemist of great promise, and author of a 

number of essays and articles on chemical subjects. In 1874 elected Prae- 
lector of Chemistry in Caius College, Cambridge. Died September 12th. 

Bain, Alexander. An eminent electrician, and inventor of the electro- 
chemical telegraph and other devices in the application of electricity. Died 
at Glasgow, January 2d, at the age of sixty-six. 

Barbot-de-Marny, Professor N. P. A Russian geologist. Died in 
May, at the age of forty-five. 

Barth, Baron. While engaged in making a geological and botanical 

survey in Africa for the Portuguese Government, committed suicide at Lo- 

anda, December 7th, 1876, under an attack of fever. 

Bary, Dr. Erwin von. A zealous African explorer, especially of the 
interior of the Sahara. Died October 2d, from the effects of exposure and 

privation. 

Belcher, Sir Edward. A well-known arctic explorer and hydrogra- 
pher. Died in his seventy-ninth year. 

Bellynek, The Abbé. A distinguished Belgian botanist. Died at Ne- 
mours, January 14th, at the age of sixty-seven. 

Bicknell, Edward. A well-known microscopist and writer on micro- 
scopical subjects; especially skilled in the preparation of injected objects. 
Died at Lynn, Mass., March 19th, at the age of forty-seven. 

Bourgean, EK. <A well-known botanical collector in Mexico during 

French occupation, and in other parts of North America. Died in France, 

Bowerhbank, J. Scott. Author of many works on the lower organisms, 
especially the sponges, and one of the founders of the Royal Microscopical 

Society and the Paleontographical Society. Died at Hastings, March 8th, 

in the eightieth year of his age. 

Braun, Dr. Alexander. A distinguished botanist. Born May 16th, 
1805, at Ratisbon. Died March 29th at Berlin, in the seventy-second year 

of his age. 

Bremiker, Dr. C. An eminent astronomer. Died March 26th, in the 

seventy-fourth year of his age. 
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Brooks, Lewis. A munificent friend of learning by his contributions 
to the educational facilities of various establishments. Born at Milford, 
Conn., in 1793. Died at Rochester, N. Y., in the eighty-fourth year of his 
age. 

Carpenter, Dr. P. P. Born in 1807. Died at Montreal, May 24th. A 
distinguished conchologist ; especially devoted to the study of the shells of 

the Pacific; the author of numerous papers, based principally on the collec- 
tion of the British Museum and of the National Museum at Washington ; 
those among the more important being a work on the shells of Mazatlan, 

lists of the shells of the west coast of America, and a monograph (nearly 
completed) on the shells of the Chiton group. 

Cazin, Professor. A member of the French Transit of Venus Expedi- 
tion to the island of St. Paul, contracting there the disease of which he died 

in Paris. 

Cerf, Mademoiselle Henrietta, Author of various articles on the 
botany of Kent and Belgium. Died at Brussels, October 22d. 

Cheyne, C.H. Author of a work on the planetary theory. Died on the 
Ist of January, at the age of thirty-eight. 

Compiégne, Marquis de. A well-known African explorer. Killed in 
a duel at Cairo, on the 22d of February, at the age of thirty. 

Conrad, Timothy Abbott. An accomplished paleontologist, and au- 
thor of many valuable papers on recent and fossil shells. Born in 1803. 

Credner, Professor Heinrich. <A mining engineer. Author ofa work 

on the geology of Thuringia and the Harz, etc. Born in 1809. Died Sep- 

tember 28th. 

Cross, George. Member of the Chester Natural History Society. An 
efficient teacher in the British Science and Art Department. Died April 
16th, at the age of forty. 

Danby, Professor John. Author of a Botany of the Southern United 
States. Died in August, at the age of seventy-three. 

Davis, Captain J. E. Well known from his connection with the hydro- 
graphic department of the Admiralty, and as master of the Terror on the 
Arctic Exploring Expedition under Sir James Ross. Author of a series 
of articles upon the hydrographic and other operations of the Challenger. 
Died in January, at the age of sixty-one. 

Davis, Rear-Admiral Charles Henry. An accomplished American 
naval officer, and well known for his scientific attainments. Author of a pa- 
per on ‘The Law of the Deposit of the Flood Tides” and other essays; for 
many years charged with the publication of the Nautical Almanac ; editor 
of the American edition of the ‘‘ Theoria Motus” of Gauss; at one time 

Chief of the Bureau of Navigation, and also Superintendent of the Naval 

Observatory. 
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De Notaris, Giuseppe. Born at Milan, May 5th, 1805. Died at Rome, 
January 22d. Professor of Botany at Genoa and at Rome; especially inter- 
ested in cryptogamic plants, particularly the mosses and fungi. 

Deshaies, Alfred. Connected with the chemical department of the Col- 
lege of France. Died suddenly, as supposed, from the effect of some chem- 
ical agent, whose toxic properties he was investigating. 

Deville, Charles Sainte-Claire. An eminent French scientist ; an 

explorer of the Antilles and the volcanic islands of Africa, and a noted col- 
lector of rocks and fossils. For a time he occupied the chair of geology in 
the College of France. Died October 10th, from the effects of the bite of a 
dog. 

Drummond, James. Died in the early part of January. 

Dumortier, Eugene. Author of a work on the “ Jurassic Deposits of 

the Basin of the Rhine.” Died at Lyons in August, 1876, aged sixty-six. 

Dunn, Mr. An English author of several works on physiological psy- 
chology and medical psychology. Died in November. 

Hichwald, Professor von. A Russian geologist. Author of “Lethxa 
Rossica.” Born in 1795 at Mitau. 

Erman, Professor George A. An eminent German geographer and 
explorer. Died in Berlin, July 12th, in the seventy-second year of his age. 

Foetterle, Dr. Franz. Vice-Director of the Geological Survey of Aus- 
tria. Born in 1849. 

Fox, Robert Were. Author of valuable papers on geology and mining. 

Died at Falmouth, England, in his eighty-fourth year. 

Frantzius, Dr. Alexander von. Well known in connection with his 
scientific exploration of Costa Rica, in which he gathered valuable natural- 
history collections. Author of many memoirs on the natural history, geol- 
ogy, and medical history of the country; a correspondent of the Smithso- 

nian Institution at Washington. Died at Freiburg, in Baden, July 18th. 

Gassiot, J.P. Distinguished for his investigations in reference to elec- 
tricity and magnetism. Founder of the Royal Scientific Relief Fund. Died 
August 15th, at the age of over eighty years. 

Gossage, William. Discoverer of some important practical applications 
in chemical technology. Died April 9th. 

Griffin, John J. Known best in the department of chemistry and min- 

eralogy. Editor of the Encyclopedia Metropolitana. Wied in June, at the 

age of seventy-five. 

Heathcote, Commander J. A., R. N. Author of works on the me- 
teorology and hydrography of India. Died January 3d. 

. S 9 
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Heis, Professor Edward. Director of the observatory at Miinster, and 
author of many important astronomical publications. Died from apoplexy, 
June 30th, in the seventy-first year of his age. 

Heuglin, Theodor von. A distinguished naturalist and traveller, es- 
pecially in Africa; author of numerous works, among them a monograph on 

the birds of Northern Africa. Died at Stuttgard, November 5th, at the age 

of fifty-two. 

Hofmeister, Professor Wilhelm. Professor of Botany at Tiibingen, 
and formerly in the University of Heidelberg; especially known from his 
publications in regard to the embryology and physiology of plants. Died at 
Tiibingen, January 12th, at the age of fifty-two. 

Jewett, Colonel E. A well-known American naturalist and collector. 
Died at Santa Barbara, Cal., May 18th, in the eighty-sixth year of his age... 
For a time Curator of the New York State Cabinet of Natural History. 

Jones, John. Founder and Secretary of the Iron and Steel Institute of 
Great Britain. Best known by his writings on the geology of the South 

Staffordshire district. Died in England, June 6th, at the age of forty-two. 

Keeler, Henry D. A well-known American botanist. 

Kirtland, Dr. Jared P. Born at Walbridge, Conn., in November, 1793. 
The first student matriculated in the medical department of Yale College ; 
Professor of the Theory and Practice of Medicine in the Ohio Medical Col- 
lege, also in the Western Reserve College; Zoologist to the Geological Sur- 

vey of Ohio in 1848; characterized by great enthusiasm as a naturalist; de- 

scribed many new species of Western fishes; successful as a horticulturist, as 
an apiarian, and as a sericulturist. A member of most of the learned soci- 
eties in the United States, including that of the National Academy of Sci- 
ences, and also of several in Europe. 

Lawson, Dr. Henry. Editor of the Monthly Microscopical Journal and 
other scientific journals, and a well-known writer on medical subjects. Died 
in the latter part of October. 

Lestidubois, Thémistocle. Formerly Professor of Botany at Lille, 
and an author of some note. Died in the summer, at the age of eighty. 

Leverrier, Madam. Widow of the distinguished Professor Leverrier. 

Died November Ist, at the age of fifty-eight. 

Littrow, Professor Karl von. Born at Kazan in 1811, and being the 
son of an eminent astronomer, he also became eminent in that science, and 

at the age of twenty was appointed assistant in the observatory at Vienna, 
and in 1842 became director of the same, retaining the position until his 

death. The author of numerous scientific papers. 

Luro, Lieutenant E. Author of a work upon ‘‘The Country of 
Annam.” Died in March, while serving as inspector of native affairs in 

Cochin China. 



NECROLOGY. 419 

Milton, Viscount. An explorer in British North America, and author 
of the work entitled ‘‘’The Northwest Passage by Land.” Died in January, 
at the age of thirty-eight. 

Mohr, Dr. A well-known author in connection with African explorations, 
while engaged in his researches on the West Coast, under the auspices of the 

German-African Society. Died at Malange, November 26th, 1876. 

Morris, Professor 0. W. Died August 9th, in the eightieth year of his 

age. For forty years connected with the New York Institution for the Deaf 
and Dumb; especially interested in meteorology, and an ardent botanist, 

being one of the earliest members of the Torrey Botanical Club. 

Newton, Professor Henry. Best known in connection with the 
geological survey of the Black Hills region some years ago. Returning for 
the completion of his observations, he died of disease contracted in the field, 
August Sth. 

Noad, Dr. H. M. A well-known author of important works on electricity 

and magnetism, and their applications in telegraphing. Died in July, in the 

sixty-third year of his age. 

Noggerath, Professor Jacob. Professor of Mineralogy in the Uni- 
versity of Bonn. Died September 13th, at the age of ninety. 

Norris, Thaddeus. -A well-known angler, and author of ‘‘ The Amer- 
ican Angler’s Book.” Died in Philadelphia, in April, at the age of sixty- 

six. 

Oppenheim, Professor. A German chemist, and Professor of Chem- 
istry in the University of Miinster, in Westphalia. Committed suicide in 

September, in consequence of the loss of his wife. 

Orton, Professor James. Born in 1830. Died while crossing Lake 
Titicaca, in his forty-seventh year. Professor of Natural History in Vassar 
College, and Curator of the Giraud collection of birds; zealous and success- 

ful as an explorer and collector. The results of his labors were principally 

for the benefit of Vassar College. 

Panceri, Professor. An Italian entomologist and physiologist. 

Papadakis, Professor J. Rector of the University of Athens, and for 
a long time in charge of the department of mathematics and astronomy. 

Died in January. 

Parlatore, Professor Filippo. An eminent Italian botanist, and Di- 
rector of the Botanic Garden and of the Natural History Museum of Flor- 
ence. Author of several monographs, published in De Candolle’s Prodro- 
mus. Born August 8th, 1816. Died on the 9th of September, at Florence, 

aged sixty-seven. 

Pogeendorff, Professor J.C. Editor of Poggendorff’s Annalen. Died 
at Berlin, in January, in his eighty-first year. 
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Reed, Dr. Stephen. An ardent geologist. Died July 12th, at Pitts- 
field, Mass., at the age of seventy-six. 

Rovida, Professor. Professor of Special Pathology and Clinical Medi- 
cine at the University of Turin. Died at Milan. 

Rygersma, Dr. V. A naturalist and physician, of St. Martin, West In- 

dies. Added much to the knowledge of the conchology of the West Indies. 
Died March 4th. 

Sager, Dr. Abram. An American anatomist and physiologist. Born 
in 1810. Died August 6th, at Ann Arbor, Mich., in the sixty-seventh year 
of his age. 

Santini, Professor. Professor of Astronomy and Director of the Ob- 
servatory in the University of Padua; his connection with the university 
dating from 1814. Noted for his investigations in relation to Biela’s comet ; 
an author of a valuable text-book of astronomy. Born in 1786. 

Schythe, J.C. Attention first devoted to the geography of Greenland, 
upon which he published several memoirs; resided since 1850 in Chili, as 
Professor of Natural Sciences at Santiago. Served as governor of the Terri- 

tory of Magellan from 1853 to 1865. Born Feb. 6, 1814. Died at Val- 
paraiso, January 30th. 

Smee, Alfred. A surgeon by profession, but devoting much time to in- 

dustrial experiments, and a well-known electrician. Died January 11th, at 
the age of fifty-eight. 

Smith, Mrs. Pleasance. Widow of Sir James Edward Smith, a dis- 
tinguished botanist, who died in 1828. She followed him February 34d, 
1877, at the age of one hundred and four years. 

Spalding, Douglas A. A frequent contributor of articles in the de- 
partment of mental science to Nature. 

Strange, Lieutenant-Colonel A., F.R.S., etc. Inspector of Instru- 
ments to the Indian Government, and connected with the great Indian Trig- 
onometric Survey. 

Strong, Moses. Assistant Geologist of the Geological Survey of Wis- 
consin; a graduate of Yale College in 1867. Drowned August 18th, while 

engaged in a geological examination of the branches of the Chippewa River. 

Stroudberg, Dr. President of the Swedish Academy of Sciences. Died 
at Stockholm, February 5th. 

Swinhoe, Robert. Distinguished as a traveller and investigator of the 
natural history of China, Formosa, and other eastern countries. Born in 

Calcutta in 1836, where he also died in his forty-first year. 

Talbot, W. H. Fox. Inventor of the Talbot-type process in photogra- 

phy, in 1840. Died September 17th, at the age of seventy-seven. 
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Tenney, Professor Sanborn. Professor of Natural History at Will- 
iams College; author of a valuable text-book of zoology. About to start in 
charge of an expedition, composed of students of Williams College, for the 

scientific exploration of a portion of the Rocky Mountains, he died of heart- 
disease, July 10th. 

Thuret, Madame. Widow of the eminent French botanist. She be- 

queathed $40,000 to the French Republic for the promotion of agricultural 
science at Antibes. 

Tobler, T. Occupied for several years in explorations in Palestine, he 
published numerous works upon its geology, architecture, ete. Born June 

25th, 1806. Died January 21st, at Munich. 

Valdez, Francisco Travossos. Member of the Portuguese mission to 
investigate the slave-trade in Timor. Author of ‘Six Years of a ‘Traveller's 

Life in Western Africa.” 

Wahlgren, Professor Frederick. Of the University of Lund. Died 
in July, in his fifty-eighth year. 

Weddell, Hugh d’Algernon. Born in 1819. Died July 22d, at Poi- 
tiers. Known for his ‘‘ History of Cinchona Trees,” and various works of 

South American plants. 

Wilkes, Rear-Admiral Charles. Born in New York in 1801. Died 
in Washington, February Sth, at the age of nearly seventy-six. Distinguish- 

ed in the American navy for professional ability and scientific acquirements ; 
well-known as the commander of the famous American Exploring Expedi- 

tion around the World, extending from August, 1838, to June, 1842. Com- 

missioned as Rear-Admiral, on the retired list, July 25th, 1866. 

Windich, T. One of the aborigines of West Australia, and the compan- 

ion of Hunt, Alexander Foster, and John Forrest in their explorations. 

Died March 3d. 

Winslow, Dr. Charles F. Author of many articles on physical science, 

relating more particularly to the phenomena of earthquakes. Died in Utah, 

at the age of sixty-six. 
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SELECT WORKS ON SCIENCE PUBLISHED DURING 1877. 

The usual list of works published during the year which 
the Jtecord covers is here presented. As in past years, it 
is necessarily a very partial enumeration, and mostly con- 
fined to those works that have been noticed in a few of the 
prominent scientific periodicals of the day. The limita- 
tions of the Lecord preclude an exhaustive bibliography ; 
nor, indeed, is this required by the plan of the work. Those 
volumes that have features of general interest to commend 
them, or are of special scientific value, have for the most 
part been included: two or three, however, have been men- 
tioned that are of exceptional worthlessness, on account of 
their general circulation; in the latter case their character 
is indicated. 

Wherever the volumes themselves were accessible, the ti- 
tles and collations have been taken directly from them. In 
many cases, however, the compiler has been obliged to de- 
pend solely on the titles contained in the journals in which 
the volumes have been noticed, or upon booksellers’ an- 
nouncements. These are often, and indeed generally, defi- 
cient in some point or other: e. g., the title may be imper- 
fect or altered; the date of publication may be omitted, and 
then it is not always certain whether the volume has been 
published during the current year or in a past one; there is 
a difference in the statements as to sizes; the collation is 
frequently absent or erroneous, and the number of pages 
incorrectly given, and sometimes even the place of publica- 
tion is omitted. Wherever the means of verification or cor- 
rection by referring to the volumes themselves have been 
possible, they have been improved; unfortunately, however, 
in many cases the volumes themselves could not be con- 
sulted. 

The titles of the works catalogued are enumerated in as 
nearly as possible a logical sequence, and under those heads 
where they would be most likely to be sought for by the 
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majority of persons. Two points, however, must be borne 
in mind: (1) the list of periodicals is by no means perfect ; 
and (2) the annual records of the progress of science in the 
different departments are catalogued under the periodicals, 
immediately after the magazines, and not under the special 
sciences to which they relate. 

The annual records have been thus classified together on 
account of their periodical nature, and for the convenience 
of librarians and others who may wish to procure the valu- 
able epitomes of scientific literature which these represent. 
These volumes are generally not expensive, and most of them 
are very full in their notices of the literature of their respec- 
tive subjects. They could readily be obtained by second 
and third rate libraries even, and would be of great use to 
the seeker after the most recent scientific facts; and yet the 
libraries that have even one of these valuable issues are ex- 
tremely rare. It should be the duty of librarians to provide 
such complete summaries of scientific knowledge before al- 
most anything else; but, as has been just indicated, the neg- 
lect to do so is very general. This neglect is probably due 
rather to the ignorance respecting the existence or value of 
such works than to any other cause; and it will probably 
be a surprise to many to know that such publications exist 
and have been long in the course of passage through the 
press. 

Those journals have been referred to for the notices of 
books which are most generally accessible to ordinary read- 
ers on account of the nature of their circulation. They are: 

(1.) The American Journal of Science and Art. Editors 
and Proprietors, James D. Dana, B. Silliman, and E. 5. Dana 
(ete.). Third series. Vol. XIII.—(Whole number, CXHL) 
Nos. 73-78, January to June, 1877 (et seq.). New Haven: 
Editors. 1877. (Published monthly, at $6 per annum.) 

(2.) The American Naturalist: an Illustrated Magazine of 
Natural History. Edited by A. 8. Packard, Jr. Associate 
Editors, Prof. G. L. Goodale, Department of Botany; Dr. kh. 
H. Ward, Department of Microscopy. Volume XI. (et seq.). 
Boston: H. O. Houghton and Company. 1877 (et seq.). 

_ (Published monthly, at $4 per annum.) 
(3.) Nature: a Weekly Illustrated Journal of Science. 

Volume XVI. May, 1877, to October, 1877 (et seq.). Lon- 
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don and New York: Macmillan and Co. 1877 (et seq.). 
(Published weekly.) 

(4.) The Popular Science Monthly. Conducted by E. L. 
Youmans. Vol. X. November, 1876, to April, 1877 (et seq.). 
New York: D. Appleton and Company, 549 and 551 Broad- 
way. 1877 (etseq.). (Published monthly, at $5 per annum.) 

All the scientitic works sent to the editor of the Record 
for enumeration have been heretofore and will hereafter be 
enumerated, whether specially noticed in the journals in 
question or not. The responses to the invitation for the 
transmission of copies to the editor for notice have been 
numerous, but many important publications have been with- 
held. In the interest of accuracy and completeness of 
enumeration, the editor renews his request for copies of 
new works for notice in future numbers of the fecord’s 
Bibliography. 
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GENERAL SCIENCE. 

GENERAL AND MISCELLANEOUS. 

Bagehot (Walter). The English Constitution, and other Essays. By 
Walter Bagehot, Author of ‘‘ Physics and Politics,” Editor of the ‘‘ Econ- 

omist,” ete. New York: D. Appleton & Co. 1877. (Price, $2 00.) 
[Popular (The) Science Monthly, XI., 110. ] 

Carpenter (William B.). Mesmerism, Spiritualism, etce., Historically 

Considered: being Two Lectures delivered at the London Institution. With 

Preface and Appendix. By William B. Carpenter, C.B., F.R.S. New York: 

D. Appleton & Co. 1877. (12mo, 158 pp.) 
[Am. Journ. 8. and A. (3), XV., 160. ] 

Huxley (Thomas H.). American Addresses, with Lecture on the Study 
of Biology. By Thomas H. Huxley. London: Macmillan & Co. 1877. 
(8yo, 164 pp.) 

[Am. Journ. S. and A. (3), XIV., 162.]} 

Wright.(Chauncey). Philosophical Discussions. By Chauncey Wright. 
With a Biographical Sketch of the Author by Charles Eliot Norton. New 
York: Henry Holt & Co. 1877. (S8vo,434 pp. Price, $3 50.) 

[Popular (The) Science Monthly, XI., 117.] 

SCIENCE AND RELIGION. 

Winchell (Alexander). Reconciliation of Science and Religion. By 
Alexander Winchell, LL.D. New York: Harper & Brothers. 1877. 
(12mo, 403 pp. Price, $2 00.) 

[Am. Nat. XII., 49. ] 
[Popular (The) Science Monthly, XI., 498-500. ] 
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BIOGRAPHICAL, 

Wohlwill (Emil), Ist Galilei gefoltert worden? Eine kritische Studie. 
Von Emil Wohlwill. Leipzig: Duncker und Humblot. 1877. 

[ Nature, XVII., 299-301.] 

CYCLOP_ZDIAS, 

Encyclopedia Britannica: a Dictionary of Arts, Sciences, and General 
Literature. Ninth edition. Vol. VI.-VII. Edinburgh: Adam & Charles 
Black. 1877. (4to.) 

Johnson’s New Universal Cyclopedia: a Scientific and Popular Treas- 
ury of Useful Knowledge. Illustrated with Maps, Plans, and Engravings. 

Editors-in-chief, Frederick A. P. Barnard, Arnold Guyot. Complete in 

Four Volumes, including Appendix. Vol. IV. R-S-Appendix. Alvin J. 
Johnson & Son, New York. 1877. (S8vo, xvi., 1760 pp.) 

[Am. Nat, XIT., 49. ] 

PERIODICALS. 

Societies. 

( General.) 

American Association for the Advancement of Science. Proceedings of 
the American Association for the Advancement of Science. ‘Twenty-fifth 

Meeting, August, 1876. Salem: Published by the Permanent Secretary. 
ak oy wi 

National Academy of Sciences. Biographical Memoirs. Vol. I. [con- 
taining Memoirs of J. S. Hubbard, J. C. Totten, B. Silliman, E. Hichcock, 

J. M. Gilliss, A. D. Bache, J. H. Alexander, W. Chauvenet]. Published by 

the Home Secretary. Washington City. 1877. (S8vo.) 

[ Am. Journ. §. and A. (3), XIV., 167. ] 

Proceedings. Vol. I. Published by the Home Secretary. Wash- 
ington City. 1877. (8vo.) 

(Local.) 

Albany Institute. Transactions of the Albany Institute. Vol. VIII. (8vo.) 

Boston: American Academy of Arts and Sciences. Memoirs of the 
American Academy of Arts and Sciences. New Series. Cambridge and 
Boston. (4to.) 

Proceedings of the American Academy of Arts and Sciences. 
Cambridge and Boston. New Series. Vol. IV. (S8vo.) 

Boston Society of Natural History. Memoirs of the Boston Society of 
Natural History. Vol. IV. (4to.) 

Proceedings of the Boston Society of Natural History. Vol. XVIII. 
[Popular (The) Science Monthly, XIT., 373. ] 

Buffalo Society of Natural Sciences. Bulletin of the Buffalo Society of 
Natural Sciences. Vol. III., No. 4. 

[Am. Journ. S. and A. (3), XIIT., 325. ] 

[Am. Nat., XII., 179. ] 
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Cambridge: Harvard University. Bulletin of the Bussey Institution. 
Vol. IL, Parts I. and II. Jamaica Plain, Boston, Mass. 1877. 

[Am. Journ. S. and A. (3), XIII., 234; XIV., 168. ] 
Museum of Comparative Zoology. Memoirs of the Mu- 

seum of Comparative Zoology at Harvard College. Vol. V., No.1. North 
American Starfishes. By Alexander Agassiz. With Twenty Plates. 
Cambridge, U.S. 1877. 

[ Nature, XVII., 98, 99. ] 

Peabody Museum of American Archxology and Ethnol- 
ogy. Tenth Annual Report of the Trustees of the Peabody Museum of 
American Archeology and Ethnology. 

[Am. Journ. 8. and A. (3), XIV., 246. ] 

Cambridge: Nuttall Ornithological Club. Bulletin of the Nuttall Or- 
nithological Club. Volume II. Lditor, J. A. Allen. Associate Editors, 
S. F. Baird and Elliott Coues. Cambridge, Mass. 1877. 

[Am. Journ. 8, and A. (8), XIII, 166; XV., 158.] 

Davenport Academy of Natural Sciences. Proceedings of the Daven- 
port Academy of Natural Sciences. Vol. I., Part I. January, 1876, to 
June, 1877. Davenport, Iowa. © (8vo, 148 pp.) 

[Am. Journ. §. and A. (3), XIV., 430. ] 
[| Popular (The) Science Monthly, XII., 373. ] 

Illinois Museum of Natural History. Bulletin of the Illinois Museum 
of Natural History. No. 1. 

[Popular (The) Science Monthly, XI., 376. ] 

Minneapolis: Minnesota Academy of Sciences. Bulletin of the Min- 
nesota Academy of Natural Sciences for 1876. 

New Haven: Connecticut Academy of Arts and Sciences. Transactions 
of the Connecticut Academy of Arts and Sciences. (8vo.) 

New York: Torrey Botanical Club. Bulletin of the Torrey Botanical 
Club. (Svo.) 

Philadelphia (Academy of Natural Sciences of). Journal of the Acad- 
emy of Natural Sciences of Philadelphia. Vol. VIII., Part II. (4to.) 

L[Am. Journ. S. and A. (3), XIV., 78. ] 

Proceedings of the Academy of Natural Sciences of Philadelphia. 
Third Series. (8vo.) 

Philadelphia: American Philosophical Society. Proceedings of the 
American Philosophical Society, held at Philadelphia, for Promoting Useful 
Knowledge. Vol. XVI., No.99. January to May, 1877. (8vo.) 

[Nature, XVII., 199.] 

Transactions of the American Philosophical Society, held at Phila- 
delphia, for Promoting Useful Knowledge. New Series. (4to.) 

Philadelphia: Franklin Institute. The Journal of the Franklin Insti- 

tute, devoted to Science and the Mechanie Arts. Edited by William H. 
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Wahl, Ph.D., assisted by the Committee on Publication. Philadelphia: 
Published by the Franklin Institute at their Hall. (8vo.) 

Poughkeepsie Society of Natural Science. Proceedings of the Pough- 
keepsie Society of Natural Science. Vol. I., Part I. (8vo.) 

[Popular (The) Science Monthly, XI., 376. ] 

St. Louis (Academy of Science of). The Transactions of the Academy 
of Science of St. Louis. (8vo.) i 

Salem: Essex Institute. Bulletin of the Essex Institute. (S8vo.) 

Proceedings of the Essex Institute. (8vo.) 

Salem: Peabody Academy of Science. Memoirs of the Peabody Acad- 
emy of Science. (8vo.) 

Tenth Annual Report of the Trustees of the Peabody 
Academy of Science for the year 1877. Salem. (8vo.) 

San Francisco: California Academy of Sciences. Proceedings of the 
California Academy of Sciences. (8vo.) 

[ Popular (The) Science Monthly, XI., 118. ] 

Washington: Smithsonian Institution. Contributions to Knowledge. 
(4to.) 

Smithsonian Miscellaneous Collections. (Svo.) 

Annual Report of the Board of Regents of the Smithsonian 
Institution. (S8vo.) 

[Am. Journ. S. and A. (3), XIV., 432. ] 

United States National Museum. Bulletin of the United 

States National Museum. Department of the Interior. 7, 8, 9. 
[Am. Journ. S. and A. (3), XIV., 426. ] 

Wisconsin Academy of Sciences, Arts, and Letters. Bulletin of the 
Wisconsin Academy of Sciences, Arts, and Letters. (S8vo.) 

Transactions of the Wisconsin Academy of Sciences, Arts, and 
Letters. Vol. III. 1875-76. Madison, Wis. (S8vo.) 

[Am. Journ. S. and A. (3), XIV., 78. ] 

[Popular (The) Science Monthly, XI., 501. ] 

Jahresbericht des Naturhistorischen Vereins von Wisconsin. 

1876-77. Milwaukee: C. Dorflinger, Printer. 
[Popular (The) Science Monthly, XII., 113. ] 

( British.) 

Dublin: Royal Irish Academy. ‘Transactions of the Royal Irish Acad- 
emy. 

Edinburgh (Royal Society of). Proceedings of the Royal Society of 
Edinburgh. (8vo.) 

Transactions of the Royal Society of Edinburgh. (4to.) 

London: Chemical Society. Journal of the Chemical Society, containing 
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the Papers read before the Society, and Abstracts of Chemical Papers pub- 
lished in other Journals. Monthly. London. (8vo.) 

London Mathematical Society. Proceedings of the London Mathemat- 
ical Society. (8vo.) 

London: Royal Society. Philosophical Transactions of the Royal Soci- 
ety of London. (4to.) 

Proceedings of the Royal Society of London. (S8yo.) 

London: Society of Arts. Journal of the Society of Arts. Vol. XXV. 
Published for the Society by George Bell and Sons. 1876. (8vo. Published 
every Friday. Price, 6d. to non-members.) 

London (Zoological Society of). Proceedings of the Scientific Meetings 
of the Zoological Society of London. (8vo.) 

Natural History Transactions of Northumberland and Durham. VokEV; 
Part III. 

[ Nature, XVI., 246, 247. ] 

(British American.) 

Halifax: Nova Scotia Institute of Natural Science. Proceedings and 

Transactions of the Nova Scotia Institute of Natural Science. Vol. 1V., 
Part IT. 

[Am. Journ. S. and A. (8), XIII., 321. ] 

(German. ) 

Dresden: K. zoologisches Museum. Mittheilungen aus dem k. zoolo- 
gischen Museum zu Dresden. Herausgegeben mit Unterstiitzung der General- 

Direction der koniglichen Sammlungen fiir Kunst und Wissenschaft, von Dr. 

A. B. Meyer, Director des kéniglichen zoologischen Museums, Zweites Heft 

mit Tafel. Dresden. 1877. 
[ Nature, XVII., 142. ] 

Vienna: Ornithologischer Verein. Mittheilungen des Ornithologischen 

Vereins in Wien. Blatter fiir Vogelkunde, Vogelschutz und Pflege. Red. : 

Aug. Pelzeln u. Carl v. Enderes. 1. Jahrg. 1877. (4to.) 

Wurzburg: Zootomisches Institut. Arbeiten aus dem Zoologisch-zo- 
otomischen Institut in Wiirzburg. Herausgegeben yon Prof. Dr. Carl Sem- 

per. (S8vo.) 

[Am. Journ. S. and A. (8), XIV., 324. ] 

MAGAZINES. 

American. 

American (The) Chemist. A Monthly Journal of Theoretical, Ana- 
lytical, and Technical Chemistry. New York. (4to.) 

American Journal of Pharmacy. Published by Authority of the Phila- 
delphia College of Pharmacy. Edited by John M. Maisch. (Syo.) 
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American (The) Journal of Science and Arts, Editors and Propri- — 
etors, Professors James D. Dana and B. Silliman. [Etc.] New Haven: 
Editors. (8vo.) PA 

American (The) Meteorologist. John H. Tice, Editor. St. Louis. 
[Am. Journ. S. and A. (8), XIV., 246. ] 

American (The) Naturalist. An Illustrated Magazine of Natural His- 

tory. Edited by A. 8. Packard, Jr.,and F. W. Putnam. (8vo. $4 a year.) 

Canadian Entomologist. Vol. VII. Edited by William Saunders. Lon- 
don, Ontario. London: Free Press Printing Co., Richmond Street. (Svo.) 

Canadian (The) Journal of Science, Literature, and History. Con- 
ducted by the Editing Committee of the Canadian Institute. Toronto: 
Printed for the Canadian Institute. (8vo.) 

Canadian (The) Naturalist. Montreal. (Svo.) 

Coal (The) and Iron Record. A Weekly Journal devoted to the Coal 
and Iron Trades. New York. (4to.) 

Metallurgical (The) Review. Vol. I., No.1. September. Published 
Monthly by LVavid Williams, No. 83 Reade Street, New York. ($5 per 

year; single copy, 50 cents.) 

{Popular (The) Science Monthly, XII., 115. ] 

Mineralogical (The) Magazine and Journal of the Mineralogical So- 
ciety of Great Britain and Ireland. No. 1, August, 1876, and No. 2, No- 

vember, 1876. 

[Am. Journ. 8. and A. (8), XIII., 162. ] 

Mining and Scientific Press. An Illustrated Journal of Mining, Popular 
Science, and General News. San Francisco: Dewey & Co. (Fol.) 

Naturaliste (Le) Canadien. Bulletin de Recherches, Observations, et 
Découvertes se rapportant @ l’Histoire Naturelle du Canada. Rédacteur: M. 
PAbbé Provancher. Québec: Bureau du ‘‘ Naturaliste Canadien,” No. 8 
Rue Lamontagne. (8vo.) 

Oologist (The). Issued in behalf of the Science which it advocates. 
Vol. I., Nos. 1-10. Published at Utica, N. Y. (8vo. 50 cents a year.) 

Popular (The) Science Monthly. Conducted by E. L. Youmans. New 
York: D. Appleton & Co. (8vo.) 

Scientific American. A Weekly Journal of Practical Information, Art, 
Science, Mechanics, Chemistry, and Manufactures. New York: Munn & Co. 

(Fol.) 

Western Review of Science and Industry. Monthly. Kansas City, Mo. : 
Journal of Commerce print. 

[Popular (The) Science Monthly, XI., 376. ] 
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British. 

Academy (The). A Record of Literature, Learning, Science, and Art. 
Semi-monthly. London. (4to.) 

Annals (The) and Magazine of Natural History: including Zoology, 
Botany, and Geology. Conducted by Charles C. Babington, Albert C. L. G. 
Gunther, William 8. Dallas, and William Francis, London: Taylor & Fran- 
cis. (8vo.) 

Chemical (The) News and Journal of Physical Science. Weekly. Lon- 
don. (S8vo.) 

Ibis (The). A Quarterly Journal of Ornithology. Edited by Osbert 
Salvin and Philip Lutley Sclater. London: John Van Voorst. (8yo.) 

Iron: The Journal of Science, Metals, and Manufactures. Vol. IX. 
New Series. London. 

Journal (The) of Anatomy and Physiology. Conducted by G. M. 
Humphrey, William Turner, M. Foster, and William Rutherford. Cam- 

bridge and London: Macmillan & Co. (8vo.) 

London, Edinburgh, and Dublin Philosophical Magazine. Monthly. 
London. (8vo.) 

Monthly (The) Microscopical Journal [ete.]. Edited by Henry Lauson, 
M.D. London. (8yvo.) 

Nature: A Weekly Illustrated Journal of Science. London. (Svo.) 

Observatory (The). A Monthly Review of Astronomy. Edited by 

W. H. M. Christie, M.A. Nos. 1 and 2, April and May. 
[Am. Journ. §. and A. (3), XIV., 76. ] 

Popular (The) Science Review. Quarterly. London. (8vo.) 

Royal (The) School of Mines Magazine. PartsI., II. London. (8vo.) 

British India. 

- Hume’s (Allen) Stray Feathers: a Journal of Ornithology for India 
and its Dependencies. Vol. VIII. Calcutta, London: B. Quaritch. 

French. 

Bulletin des Sciences Mathématiques et Astronomiques, Tome Dixi- 
eme. Mars—Juin, 1876. Paris: Gauthier-Villars. 

[Nature, XV., 311.] 

German. 

Jahrbucher fiir Wissenschaftliche Botanik. Herausgegeben von Dr. A. 

Pringsheim. Elfter Band. Leipzig: W. Engelmann. 
[Nature, XVII, 158-160. ] 

Journal fiir Ornithologie. Deutsches Centralorgan fiir die gesammte Or- 
nithologie. In Verbindung mit der allgemeinen deutschen ornithologischen 
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Gesellschaft zu Berlin, mit Beitragen yon Eug. F. v. Homeyer [etc. ], heraus- 

_ gegeben von Prof. Dr. Jean Cabanis. 25. Jahrgang. 4. Folge, 5. Band. 

Leipzig. 1877. Verlag von L. A. Kittler, (8vo.) 

Kosmos: Zeitschrift fiir einheitliche Weltanschauung auf Grund der 

Entwickelungslehre. (Heft, April, 1877.) 
[Nature, XVI., 44. ] 

Morphologisches Jahrbuch. Eine Zeitschrift fiir Anatomie und Ent- 
wickelungsgeschichte. Herausgegeben von Carl Gegenbaur. 3. Band. Leip- 
zig: Engelmann. 

Ornithologisches Centralblatt. Organ fiir Wissenschaft und Verkehr. 
Ilerausgegeben von Cabanis und A. Reichenow. 2. Jahrgang. Leipzig: 

Kittler. (4to.) 

Italian. 

Caruel (T.) Nuovo Giornale Botanico Italiano, diretto da T. Caduel. 
Pisa. Vol. VIII. 1876. 

[Am. Journ. 8. and A. (3), XII., 468.] 

Spanish, 

Cronicon Cientifico Popular. Por D, Emilio Huelin. Tomo I. Ma- 
drid. 1877. 

[Nature, XVI., 418.] 

ANNUAL RECORDS OF PROGRESS IN SCIENCE. 

General Science. 

Annual Record of Science and Industry for 1876. Edited by Spencer 
F. Baird, with the Assistance of Eminent Men of Science. New York: 

Harper & Brothers. .1877. (12mo, 2 p.1., iii., cexxxvi., 609 pp.) 

[Am. Nat., XI., 483. ] 
[Popular (The) Science Monthly, XI., 761, 762. ] 

Year Book (The) of Facts in Science and Arts for 1876. Edited by 
C. W. Vincent. London: Ward, Lock & Tyler. 1877. (16mo.) 

Mathematics. 

Jahrbuch iiber die Fortschritte der Mathematik, im Verein mit anderen 

Mathematikern herausgegeben von Carl Ohrtmann, Felix Miller, Albert 

Wangerin. Band VII. Jahrgang 1875. Berlin: Druck und Verlag von 
Georg Reimer. (S8vo.) 

Physics. 

Fortschritte (Die) der Physik im Jahre 1875. Dargestellt von der 
Physikalischen Gesellschaft zu Berlin. 28. Jahrgang. Redigirt von Pro- 

fessor Dr. B. Schwalbe. Berlin: Druck und Verlag von Georg Reimer. 

(Svo.) 
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Chemistry. 

Jahresbericht iiber die Fortschritte der Chemie und verwandter Theile 

anderer Wissenschaften. Fiir 1875. Giessen: J. Ricker’sche Buchhand- 

Jung. 1877. (8vo.) 

Zeitschrift fur das Chemische Grossgewerbe. Herausgegeben von Jul. 
Post. 11. Jahrgang. Berlin: Robert Oppenheim. 1877. 

[Nature, XVI., 519. ] 

Botany. 

Botanischer Jahresbericht. Systematisch geordnetes Repertorium der 

botanischen Literatur aller Lander. Unter Mitwirkung von [mehreren]. 
Herausgegeben von Dr. Leopold Just, Professor am Polytechnikum in Carls- 
ruhe. Dritter Jahrgang (1875). 2. Halband. Berlin. 1877. Gebriider 

Borntrager (Ed. Eggers). 

Repertorium Annuum Literature Botanice Periodice. Curarunt C. G. 

W. Brohnensieg, Custos Biblioth. Soc. Teyleriane, et W. Burck, Math. Mag. 

et Phil. Nat. Doct. Harlemi: Erven Loosjes. (S8vo.) 
[Am. Journ. S. and A. (3), XIV., 160, 161.] 

Zoology. 

Archiv fiir Naturgeschichte. Gegriindet von A. F. A. Wiegmann; fort- 
gesetzt von W. F. Erichson. In Verbindung mit Professor Dr. Leuckart in 
Leipzig herausgegeben von Dr. F. H. Troschel, Professor an der Friedrich- 

Wilhelms-Universitat zu Bonn. Dreiundvierzigster Jahrgang. Erster Band. 

Berlin: Nicolaische Verlagsbuchhandlung. (Stricker.) 1877. 

Zoological (The) Record for 1875; being Volume XII. of the Record 
of Zoological Literature. Edited by Edward Caldwell Rye, F.Z.S., M.E.S. 

London: John Van Voorst, Paternoster Row. 1877. (8vo, xviii., 592 pp.) 

[Nature, XVI., 357, 358. ] 

Anatomy. 

Jahresberichte iiber die Fortschritte der Anatomie und Physiologie in 
Verbindung mit Professor Braune in Leipzig, Professor Flemming in Kiel, 

Professor Hermann in Ziirich, Dr. O. and Dr. R. Hertwig in Jena, Professor 

Hoyer in Warschau, Dr. Kiister in Leipzig, Professor Miller in Jena, Pro- 

fessor Panum in Kopenhagen, Dr. G. Ritziusin Stockholm. Herausgegeben 

yon Dr. Fr. Hofmann, Professor an der Universitat Leipzig, und Dr. G. 

Schwalbe, Professor an der Universitat Jena. Vierter Band. Literatur. 

1875. Leipzig: Verlag von F.C. W. Vogel. 1876. (8vo.) 

Anthropology. 

Archiv fiir Anthropologie. Zeitschrift fiir Naturgeschichte und Urge- 
schichte des Menschen. Organ der deutschen Gesellschaft fiir Anthropologie, 

Ethnologie und Urgeschichte. Herausgegeben von C. E. y. Baer in St. Pe- 

tersburg, E. Desor in Neuenburg, A. Ecker in Freiburg, F. v. Hellwald in 

Wien, W. His in Basel, L. Lindenschmit in Mainz, G. Lucae in Frankfurt a. 

i 
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M., L. Riitimeyer in Basel, H. Schaafhausen in Bonn, C. Semper in Wiirz- 
burg, R. Virchow in Berlin, C. Vogt in Gent, und H. Welcker in Halle. Re- 
daction: A. Eecker, L. Lindenschmit und der General-Secretair der deutschen 

anthropologischen Gesellschaft. Neunter Band. Mit in den ‘Text einge- 
druckten Holzstichen und lithographirten Tafeln. Braunschweig: Druck 
und Verlag von Friedrich Vieweg und Sohn. 1877. 

Geology. 

Geological (The) Record for 1876. An Aceount of Works on Geolo- 
gy, Mineralogy, and Palzxontology published during the Year. Edited by 

William Whittaker, B.A., F.G.S., of the Geological Survey of England. 

London: Taylor & Francis, Red Lion Court, Fleet Street. 1877. (8vo.) 

Revue de Géologie pour les Années 1874-1875. Tome XIII. Par M. 
Delisse, Ingénieur Chef des Mines, et M. de Lapparent, Ingénieur des Mines, 
Pans. 1877. 

[Am. Journ. S. and A. (3), XIII, 315.] 

MATHEMATICS. 

MISCELLANEOUS. 

Hugo (Comte Léopold). La Théorie Hugodécimale; ou La Base sci- 

entifique et définitive de l’Arithmologistique universelle. Par le Cte. Lé- 
opold Hugo. Paris. 1877. 

[Nature, XVI., 359: the absurd ideas enunciated are exposed. | 

Miller (W.J.C.). Mathematical Questions, with their Solutions. From 
the ‘‘ Educational Times.” Edited by W. J. C. Miller, B.A. Vol. XXVILI. 
From January to June, 1877. London: C. F. Hodgson & Son. 1877. 

[Nature, XVI., 417, 418. ] 

ALGEBRA. 

Fisher (A. T.). ‘The Book of Algebra. By A. T. Fisher, B.A. Lon- 
don. 1877. 

[Stewart’s Local Examination Series. } 
[ Nature, XVI., 437. | 

GEOMETRY. 

Mault (A.). Natural Geometry: an Introduction to the Logical Study 
of Mathematics, for the Use of Schools and Technical Classes. With Ex- 

planatory Models. By A. Mault. London: Macmillan & Co. 1877. 
[Nature, XVI., 455. ] 

DESCRIPTIVE GEOMETRY. 

Warren (A. Edward). The Elements of Descriptive Geometry, Shad- 
ows, and Perspective. With a brief Statement of Trihedrals, ‘T'ransversals, 

and Spherical Axonometric and Oblique Projections. For Colleges and 
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Scientific Schools. By A. Edward Warren, C.E. New York: John Wiley 
& Sons. 1877. (8vo, 282 pp.) 

[Am. Journ. 8. and A. (3), XIV., 431, 432.] 

LEAST SQUARES, 

Merriman (Mansfield). Elements of the Method of Least Squares. 
By Mansfield Merriman. London: Macmillan & Co. 1877. (8vo, 198 pp.) 

[Am. Jour. 8. and A. (3), XV., 79.] 

COMPASSES. 

Byrne (Oliver). The Geometry of Compasses; or, Problems Resolved 
by the mere Description of Circles, and ‘‘ the Use of Colored Diagrams and 
Symbols.” By Oliver Byrne. London: Crosby, Lockwood & Co. 1877. 

[ Nature, XVII., 199.] 

ASTRONOMY. 

GENERAL, 

Chambers (George F.). A Hand-book of Descriptive Astronomy. 
By George F. Chambers, F.R.A.S., of the Inner Temple, Barrister-at-Law. 
New York: Macmillan & Co. 1877. (8vo, 938 pp. Price, $10 00.) 

[Am. Journ. S. and A. (3), XIV., 163. ] 

[Popular (The) Science Monthly, XI., 627.] 

Dien (Ch.). Atlas Céleste, comprenant toutes les Cartes de l'ancien At- 

las de Ch. Dien. Rectifié, Augmenté, etc., par Camille Flammarion. 3ieme 

édition. Paris: Gauthier-Villars. 1877. 

(Nature, XVII., 141, 142. ] 

MISCELLANEOUS. 

Blake (John F.). Astronomical Myths: based on Flammarion’s His- 
tory of the Heavens. By John F. Blake. With plates and wood-cuts. 
London: Macmillan & Co. 1877. (12mo, 4382 pp.) 

[Am. Journ. S. and A. (8), XIII., 404. ] 

Proctor (Richard A.). Myths and Marvels of Astronomy. By Rich- 
ard A. Proctor. London: Chatto & Windus. 1878. 

[ Nature, XVITI., 180. ] 

HISTORY. 

Holden (Edward §.). Index Catalogue of Books and Memoirs relat- 
ing to Nebule and Clusters. By Edward S. Holden. Washington: Smith- 

sonian Institution. 1877. (Svo, ix., 111 pp.) 

[Am. Journ. S. and A. (3), XV., 159. ] 

Wolf (Rudolf). Geschichte der Astronomie. Von Rudolf Wolf. Miin- 

chen: R. Oldenbourg. 1877. 

[Nature, XVII., 359. ] 
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OBSERVATIONS. ~ 

Aberdeen. Publications of the Private Observatory of Lord Lindsay, 
Dun Echt (Aberdeen). Vol. I. (4to.) 

[Am. Journ. S. and A. (3), XIII., 398.] 

Cambridge. Annals of the Astronomical Observatory of Harvard Col- 
lege. Vol. VIII., X., XIII. Cambridge. 

[Am. Journ. 8, and A. (3), XIV., 75.] 
[Nature, XVI., 60. ] 

Cincinnati. Publications of the Cincinnati Observatory. 
[Am. Journ. S. and A. (3), XIV., 246. ] 

Washington. Astronomical and Meteorological Observations made dur- 
ing the year 1874 at the U. S. N. Observatory ; Rear-Admiral Davis, Supt. 
Washington. 1877. 

[Am. Journ. S. and A. (38), XIV., 74.] 

SUN. 

Schmidt (Dr.). Unser Sonnenkérper nach seiner physikalischen, sprach- 
lischen und mythologischen Seite hin betrachtet. Von Dr.Schmidt. ‘Triibner. 
1877. 

(Nature, XVI., 41. ] 

COMETS. 

Guillemin (Amédée). The World of Comets. By Amédée Guillemin. 
Translated and Edited by James Glaisher, F.R.S. London: Sampson Low 
& Co. 1877. 

[Nature, XVI., 5. ] 

ZODIACAL LIGHT. 

Serpieri (P. A.). La Luce Zodiacale, sue Leggi e Teoria Cosmico-At- 

mosferica dedotte dalle osservazioni di G. Jones, per il P. A. Serpieri, 
D.S.P., Direttore dell’ Osservatorio Meteorologico di Urbino. Palermo. 
1876. (4to, vi., 113 pp., 4 pls.) 

PHYSICS. 

GENERAL, 

Everett (J. D.). Elementary Text-book of Physics. By J. D. Everett, 
M.A., D.C.L., F.R.S.E., Professor of Natural Philosophy in the Queen’s 

College, Belfast. Glasgow: Blackie. 1877. 
[ Nature, XVI., 518, 519. ] 

Guillemin (Amédée). The Forces of Nature : a Popular Introduction 
to the Study of Physical Phenomena. By Amédée Guillemin. Translated 
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from the French by Mrs. Norman Lockyer, and Edited, with Additions and 
Notes, by J. Norman Lockyer, F.R.S. Illustrated by nearly 500 Engrav- 
ings. Part I. London: Macmillan & Co. (4to, 40 pp. Price, 40 cents.) 

[ Popular (The) Science Monthly, XI., 501. ] 

Todhunter (J.). Natural Philosophy for Beginners. Part I. The 

Properties of Solid and Fluid Bodies. By J. Todhunter, M.A., F.R.S. 
London: Macmillan & Co. 1877. (Small 8vo, 368 pp.) 

[Am. Journ. 8. and A. (3), XIV., 77.] 

MISCELLANEOUS. 

Lees (W.). Acoustics, Light, and Heat. By W. Lees. New York: 

G. P. Putnam’s Sons. (300 pp. Price, $1 50.) 

[Popular (The) Science Monthly, XI., 376. ] 

Lubavin (N. N.). Chemical Physics. By N. N. Lubavin. First fas- 
cicule. St. Petersburg. 1876. (8vo, 346 pp. In Russian.) 

[Nature, XVI., 140. | 

Maxwell (J. Clerk-). Matter and Motion. By J. Clerk-Maxwell. 
London: Society for Promoting Christian Knowledge. 1876. 

[Nature, XVI., 119. ] 

MECHANICS. 

Bottomley (J. T.). Dynamics; or, Theoretical Mechanics. By J. T. 
Bottomley, M.A., F.R.S.E. New York: G. P. Putnam’s Sons. 1877. 
(8vo, 142 pp. Price, 75 cents.) 

[Am. Journ. S. and A. (3), XIV., 168. ] 

[Popular (The) Science Monthly, XI., 375. ] 

GASES. 

Watson (Henry William). <A Treatise on the Kinetic Theory of 
Gases. By Henry William Watson, M.A., formerly Fellow of Trinity Col- 
lege, Cambridge. Oxford: Clarendon Press. 1876. 

[Nature, XVI., 242-246. ] 

OPTICS. 

Fenner (C.8.). Vision: its Optical Defects, and the Adaptation of 
Spectacles. Embracing (I.) Physical Optics; (II.) Physiological Opties ; 

(III.) Errors of Refraction and Defects of Accommodation, or Optical De- 
fects of the Eye. With 74 Illustrations, and Test-types of Jaeger and Snel- 
len. Philadelphia. (8vo, 300 pp.) 

HEAT. 

Loewy (B.). Heat. By B. Loewy. (Lardner’s Hand-book of Natural 

Philosophy.) Crosby, Lockwood, & Co. 1877. 
[ Nature, XVILI., 43. ] 
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‘LIGHT. 

Mayer (Alfred M.) and Barnard (Charles). Light: a Series of 
Simple, Entertaining, and Inexpensive Experiments in the Phenomena of 

Light, for the Use of Students of Every Age. By Alfred M. Mayer and 

Charles Barnard. New York: D. Appleton & Co. 1877. (8vo, 112 pp.) 
[Am. Journ. 8. and A. (3), XIV., 419. ] 

[Popular (The) Science Monthly, XI., 757. ] 

Tait (P.G.). Sketch of Thermodynamics. By P. G. Tait, M.A., for- 
merly Fellow of St. Peter’s College, Cambridge, Professor of Natural Phi- 

losophy in the University of Edinburgh. Second Edition, Revised and Ex- 

tended. Edinburgh: David Douglas. 1877. 

[Nature, XVII., 257-259. ] 

Tyndall (John). Six Lectures on Light. Delivered in America in 
1872-73. By John Tyndall, D.C.L., LL.D., F.R.S. Second Edition. 

New York: D. Appleton & Co. 1877. (12mo, 264 pp. Price, $1 50.) 
[Popular (The) Science Monthly, XI., 242, 243. ] 

ELECTRICITY AND MAGNETISM. 

Dolbear (A. E.). The Telephone: an Account of the Phenomena of 
Electricity, Magnetism, and Sound, as Involved in its Action; with Direc- 

tions for Making a Speaking Telephone. By Prof. A. E, Dolbear. Boston: 

Lee & Shepard. 1877. (12mo, 128 pp.) 
[Am. Journ. S. and A. (3), XV., 160. ] 

Prescott (George B.). Electricity and the Electric Telegraph. By 
George B. Prescott. New York: D. Appleton & Co. 1877. (8vo, 978 pp. 
Price, $5 00.) 

[Am. Journ. S. and A. (3), XIIIL., 467. ] 
[Popular (The) Science Monthly, XI., 116. ] 

Spang (Henry W.). A Practical Treatise on Lightning Protection. 
By Henry W. Spang. Philadelphia: Claxton, Remsen, & Haffelfinger. 
1877. (12mo, 180 pp.) 

[Am. Journ. S. and A. (3), XIV., 77.] 

Tyndall (John). Lessons in Electricity at the Royal Institution. By 
John Tyndall, F.R.S. New York: D. Appleton & Co. 1877. (8vo, 113 
pp. Price, $1 00.) 

[Popular (The) Science Monthly, XI., 116. ] 

CHEMISTRY. 

CYCLOP_AEXDIA. 

New Encyclopedia of Chemistry. Chemistry, Theoretical, Practical, and 
Analytical, as applied to Arts and Manufactures. On the Basis of Dr. Mus- 
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pratt’s Works. Parts XV. to XX. Philadelphia: Lippincott & Co. (Price, 
50 cents per Number.) 

[Popular (The) Science Monthly, X., 753. J 

SYSTEMATIC, 

Church (Arthur Herbert). A Manual of Practical Chemistry, for 
Colleges and Schools. Specially Arranged for Agricultural Students. By 
Arthur Herbert Church, M.A., Professor of Chemistry in the Agricultural 
College, Cirencester. Fourth Edition, Revised. London: John Van 
Voorst. 1877. 

[Nature, XVI., 160. | 

Fowne. Fowne’s Inorganic Chemistry. Edited by Henry Watts, B.A., 
F.R.S. Twelfth Edition. London: J. & A. Churchill. 1877. 

[Nature, XVI., 6.] 

Mott (Henry A., Jr.). The Chemist’s Manual: a Practical Treatise 
on Chemistry, Quantitative and Qualitative Analysis, Stoichiometry, Blow- 
pipe Analysis, Mineralogy, Assaying, Toxicology, ete. By Henry A. Mott, 

Jr., E.M., Ph.D. New York: D. Van Nostrand. 1877. (8yo, 625 pp. 
Price, $6 00.) 

[Am. Journ. S. and A. (3), XIIT., 404. ] 
[Popular (The) Science Monthly, XL, 246. ] 

Peckham (8. F.). Elementary Chemistry: a Text-book for Beginners. 

Designed as an Introduction to Barker’s Chemistry. By S. F. Peckham, 
A.M. Louisville, Ky.: John P. Morton & Co. 1877. (254 pp. Price, 

$1 00.) 
[Popular (The) Science Monthly, XI., 501. ] 

Remsen (Ira). Principles of Theoretical Chemistry, with Special Ref- 
erence to the Constitution of Chemical‘Compounds. By Ira Remsen, M.D., 

Ph.D., Professor of Chemistry in the Johns Hopkins University, Philadel- 

phia: Henry C. Lea. 1877. (231 pp. Price, $1 25.) 
[Popular (The) Science Monthly, XI., 759. | 

Thorpe (T. E.). A Manual of Inorganic Chemistry. Vol. II., The 

Metals. By T. E. Thorpe, Ph.D., F.R.S., Professor of Chemistry in the 

Yorkshire College of Science, Leeds. New Edition. New York: G. P. Put- 

nam’s Sons. 1877. (8vo, 406 pp.) 
[Am. Journ. S. and A. (3), XIV., 419. | 

Wheeler (C. Gilbert). Outlines of Modern Chemistry, Organic. Based 

in Part upon Riche’s ‘‘ Manuel de Chimie.” By C. Gilbert Wheeler, Profess- 

or of Chemistry in the University of Chicago. New York: A. S. Barnes 

& Co. 1877. (12mo, 231 pp. Price, $1 75.) 

[Popular (The) Science Monthly, XIL., 370. | 

ANALYSIS. 

Douglass (Silas H.) and Albert B. Prescott. Qualitative Chem- 

ical Analysis. A Guide to the Practical Study of Chemistry and of the Work 



440 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

of Analysis. By Silas H. Douglass and Albert B. Prescott, of the Univer- 
sity of Michigan. Second Edition. New York: D. Van Nostrand. (254 
pp. Price, $3 50.) 

[Popular (The) Science Monthly, XI., 246. ] 

Muir (M. M. Pattison). A System of Volumetric Analysis. By Dr. 
Emil Fleischer. ‘Translated, with Notes and Additions, from the Second 

German Edition, by M. M. Pattison Muir, F.R.S.E. London: Macmillan 
& Co. 1877. (8vo, 274 pp.) 

{Am. Journ, 8. and A. (3), XIV., 419. ] 

SPECTROSCOPY. 

Capron (J. R.). Photographic Spectra. 136 Photographs of Metallic, 
Gaseous, and other Spectra printed by the Permanent Autotype Process. 
With Introduction, Description, ete. By J. R. Capron, F.R.A.S.  Lon- 
don: E. and F. N. Spon. 

[Nature, XVII., 259. } 

Proctor (Richard A.). The Spectroscope and its Work. By Richard 
A. Proctor. London: Society for Promoting Christian Knowledge. 1877. 

[Nature, XVII., 360. ] 

Vogel (Hermann W.). Practische Spectralanalyse irdischer Stoffe. 
Von Dr. Hermann W. Vogel. Nordlingen: C. H. Beck. 

[ Nature, XVII., 99. ] 

SALT. 

Ratton (J. J. L.). A Hand-book of Common Salt. By J. J. L. Rat- 
ton, M.D., M. C. Madras College. Madras: Higginbotham and Co. 1877. 

[Nature, XVITI., 302. ] 

MINERALOGY. 

Dana (Edward Salisbury). ‘Text-book of Mineralogy, with an Ex- 
tended ‘Treatise on Crystallography and Physical Mineralogy. By Edward 
Salisbury Dana, Curator in Mineralogy, Yale College; on the Plan and with 

the Co-operation of Prof. James D. Dana. With over 800 Woodcuts and 

Colored Plates. New York: Jno. Wiley & Sons, 15 Astor Place. 1877. 

(Large 8vo, 486 pp.) 

[Am. Journ. S. and A. (3), XIII., 317. ] 

Frazer (Persifor, Jr.). ‘Tables for the Determination of Minerals. 

Based upon the Tables of Weisbach. Enlarged, and Furnished with a Set 
of Mineral Formulas, a Column of Specific Gravities, and Some of the Char- 

acteristic Blow-pipe Analyses. By Persifor Frazer, Jr., A.M. Philadel- 
phia: J. B. Lippincott & Co. 1878. (8vo, 119 pp.) 

[Am. Journ. S. and A. (3), XV., 66. ] 

Naumann (Carl Friedrich). Elemente der Mineralogie. Von Carl 

Friedrich Naumann. Zehnte giinzlich neubearteitete Auflage von Dr. Fer- 

dinand Zirkel. Leipzig: Wilhelm Engelmann. 1877. (S8vo, 714 pp.) 

[Am. Journ. S. and A. (8), XIV., 424. ] 
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BIOLOGY. 

GENERAL, 

Cook (Joseph). Biology: with Preludes on Current Events. By Jo- 
seph Cook. Boston: James R. Osgood & Co. (12mo, 325 pp.) 

[Am. Nat. XII., 48.] 

{Popular (The) Science Monthly. ] 
(An anti-scientific work.) 

Hoppe-Seyler (Fel.). Allgemeine Biologie. Von Fel. Hoppe-Seyler. 
Mit 4 eingedructen Holzschnitten. Berlin: Hirschwald. (8vo.) 

Letourneau (Ch.). La Biologie. Par Ch. Letourneau. Paris: Rein- 
wald et Cie. 

MUSEUM OF NATURAL HISTORY. 

New York State Museum of Natural History. Twenty-eighth 
Annual Report of the New York State Museum of Natural History by the 
Regents of the University of the State of New York. Transmitted to the 
Legislature March 30, 1875. Albany: 1875. (8vo, 100 pp., with 34 
Plates.) 

[Am. Journ. S. and A. (8), XIV., 494. ] 

BOTANY: 

GENERAL. 

Baillon (H.). Dictionnaire de Botanique. Par M. H. Baillon. Paris: 
Hachette et Cie. 

[Am. Journ. S. and A. (3), XIII., 320. ] 

SYSTEMATIC. 

- Thomé (Otto W.). Text-book of Structural and Physiological Botany. 
By Otto W. Thomé. ‘Translated and Edited by Alfred W. Bennett, M.A., 

B.Se. London: Longmans, Green, & Co. 1877. 

[ Nature, XVI., 453-455. | 

PHYSIOLOGY. 

Cohn (Ferdinand). Beitriige zur Biologie der Pflanzen. Heraus- 

gegeben von Dr. Ferdinand Cohn. Zweiter Band. Breslau: J. U. Kern. 

1876. 
[ Nature, XVI., 435-437. ] 

Darwin (Charles). The Different Forms of Flowers on Plants of the 
Same Species. By Charles Darwin, M.A., F.R.S. With Illustrations. 
New York: D. Appleton & Co. 1877. (12mo.) 

[Am. Nat. XII., 115, 116.] 
[Am. Journ. S. and A. (8), XV., 67-71; also p. 221.] 

Eg 
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Darwin (Charles). The Effects of Cross and Self Fertilization in the 
Vegetable Kingdom. By Charles Darwin, M.A., F.R.S. New York: D. 
Appleton & Co. (482 pp. Price, $2 00.) 

[Nature, XV., 329-332. ] 

[Popular (The) Science Monthly, XI., 244.] 

Darwin (Charles). The Various Contrivances by which Orchids are 
Fertilized by Insects. By Charles Darwin. Second Edition. New York: 
D. Appleton & Co. 1877. 

[Am. Journ. 8. & A. (3), XIII, 395. ] 

FLORAS. 

Africa. 

Baker (John G.). Flora of Mauritius and the Seychelles: a Descrip- 
tion of the Flowering Plants and Ferns of those Islands. By J. G. Baker, 
F.L.S. London: L. Reeve & Co. 1877. 

[Nature, XVII., 77, 78. ] 

Europe. 

Crepin (Francois). Guide du Botaniste en Belgique (Plantes vivantes 
et fossiles). Par Frangois Crepin. Bruxelles. 1878. (18mo, 495 pp.) 

[Am. Journ. S. and A. (3), XV., 224. ] 

De Crespigny (E.Ch.). A New London Flora; or, Hand-book to the 
Botanical Localities of the Metropolitan Districts. By E. Ch. De Crespi- 
gny, M.D. London: Hardwicke and Bogue. 1877. 

[Nature, XVI., 338. ] 

Jorth America. 

Goodale (George L.). The Wild Flowers of America. Illustrated by 
Isaac Sprague. Text by George L. Goodale, M.D., Assistant Professor of 
Vegetable Physiology, and Instructor in Botany in Harvard University. 
Part II. Boston: H. O. Houghton & Co. 1877. 

[Am. Journ. S. and A. (3), XIV., 497. ] 
[Am. Nat., XI., 753. ] 

Willis (Oliver R.). Catalogue of Plants Growing without Cultivation 
in the State of New Jersey, with a Specific Description of all the Species of 

Violet found therein. Directions for Collecting, Drying, Labelling, and Pre- 

serving Botanical Specimens, and a Description of Suitable Apparatus there- 
for; with Suggestions to Teachers Prosecuting the Study of Botany. To 

which are Added Directions for Commencing the Study of Botany, also a 
Directory of Living Botanists of North America and the West Indies. By 
Oliver R. Willis, Ph.D., Instructor of Natural Sciences in the Alexander 

Institute. Revised and Enlarged Edition. New York, ete.: A. S. Barnes 

& Co. (8vo, 88 pp.) 
(On cover entitled, Catalogus Plantarum in Cesarea Repertarum. ) 

[Am. Journ. S. and A. (38), XIV., 498. ] 

~ Sey 

owe! 8 a | 



BIBLIOGRAPHY. 443 

DIFFERENT GROUPS. 

Cryptogams in General, 

Cohn (F erdinand, Editor), Kryptogamen - Flora yon Schlesien. Erst- 
er Band. Breslau: J. U. Kern’s Verlag. 1876. 

[Nature, XVI., 543, 544.] 

Ferns. 

Eaton (Daniel Cady). Ferns of North America. By Professor Daniel 
C. Eaton, of Yale College. Part I. Published by S. E. Cassino, Natural- 
ists’ Agency. Salem, Mass. (Price, $1 00.) 

fAm. Nat., XIT., 119. ] 

[Am. Journ. 8. and A. (3), XV., 72, 223.] 

Smith (John). Historia Filicum: an Exposition of the Nature, Num- 
ber, and Organography of Ferns, ete. By John Smith, A.L.S., ex-Cu- 

rator of the Royal Gardens, Kew, etc. London: Macmillan & Co. 1875. 

Re-issued 1877. (12mo, 429 pp.) 

[Am. Nat., XVII., 43. ] 

Fungi. 

Brefeld (Oscar). Botanische Untersuchungen iiber Schimmelpilze. 
Theil III. Basidiomycetes. Von Dr. Oscar Brefeld. Leipzig. 1877. (Ato, 
over 200 pp.) 

[Am. Journ. S. and A. (8), XV., 153-155. ] 

Britten (James). Popular British Fungi: Containing Descriptions 
and Histories of the Principal Fungi, both Edible and Poisonous, of our 

Country. Illustrated. By James Britten, F.L.S. London: The Bazaar 
Office. 1877. 

[Nature, XVI., 519. ] Aine. 

Farlow (W.G.F.). Alge Exsiccatee Americe Borealis. Curantibus 

W. G. F. Farlow, C. L. Anderson, D. C. Eaton, Edita. Fasciculus I. 

Bostoniz. 1877. 

CULTIVATED PLANTS. 

Burbidge (F. W.). Cultivated Plants; their Propagation and Im- 
provement. By F. W. Burbidge. Edinburgh and London: William 

Blackwood and Sons. 1877. 

[Nature, XVI., 160. ] 

Burbidge (F. W.). Horticulture. By F. W. Burbidge. With Illus- 

trations. London: E. Stanford. 1877. 

[Nature, XVITI., 142. ] 

Mueller (Baron F.von). Select Plants Readily Eligible for Industrial 
Culture or Naturalization in Victoria; with Indications of their Native 

Countries and some of their Uses. By Baron F. von Mueller, C.M.G., 

F.R.S., etc. Melbourne: McCarron, Bird, & Co. 1877. 

[Nature, XVI., 100. ] 



444 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

ARBORICULTURE, 

Lavalée (Alph.). Arboretum Segrezianum. Enumeration des arbres 
et arbrisseaux cultivés & Segrez. Par Alph. Lavalée. Paris: J. B. Bail- 
liere et Fils. 1877. 

[Am. Nat., XII., 121, 122.] 

FOSSIL PLANTS. 

Grand’ Eury (Cyrille). Flore Carbonifére du Département de la Loire 
et du Centre dela France. Par Cyrille Grand’ Eury, Ingénieur 4 St.-Etienne. 
Paris: Imprimerie Nationale. 

[Nature, XVI., 138. ] 

Heer (Oswald). Flora Fossilis Arctica. Die Fossile Flora der Polar- 

lander. Von Dr. Oswald Heer. Vierter Band. Mit 65 Tafeln. Zurich: 

J. Wurster & Comp. 1877. (4to.) 

[Am. Journ. §. and A. (3), XIII., 320.] 

Lesquereux (Leo). Contributions to the Fossil Flora of the Western 
Territories. Part II]. The Tertiary Flora. By Leo Lesquereux. Wash- 

ington: Government Printing-office. 1877. (4to, 336 pp. and 65 Litho- 

graphic Plates. ) 

(Department of the Interior. Report of the United States Geological 
Survey of the Territories. Volume X.) 

[Am. Journ. S. and A. (3), XV., 219.] 

ZOOLOGY, 

GENERAL. 

Brehm (A. E.). Brehm’s Thierleben. Allgemeine Kunde des Thierrei- 

ches. Grosse Ausgabe. Zweite umgearbeitete und vermehrte Auflage. Erste 
Abtheilung. Siugethiere. Von Dr. A. E. Brehm. Erster [und Zweiter] 

Band. Leipzig: Verlag des bibliographischen Instituts. 1876. (8vo.) 
[Am. Nat., XI., 557, 619. ] 

[Nature, XVII., 41-43. ] 

Die Insekten T'ausendfiissler und Spinnen. Von Dr. E. L. 
Taschenberg. Mit 227 Abbildungen im Text und 21 Tafeln von Emil 
Schmidt. Leipzig: Verlag des bibliographischen Instituts. 1877. 

[Am. Nat., XII., 116-118. ] 
[Nature, XVII., 41-43. ] 

Bronn’s (Dr. H. G.) Klassen und Ordnungen des Thierreiches. Sechs- 
ter Band. Amphibien. Fortgesetzt von C. K. Hoffmann, Leipzig: C. F. 

Winter’sche Verlagshandlung. 1877. (S8vo.) 

Duncan (P. Martin). Cassell’s New Natural History. Edited by P. 
Martin Dunean, M.B. (Lond.), F.R.S. Vol. I. London, Paris, and New 

York: Cassell, Petter, & Galpin. 1877. (8vo.) 

[Nature, X VII., 865-367. ] 



sai 

BIBLIOGRAPHY. 445 

Gervais (P.), Eléments de Zoologie. Vertebres Ovipares et Animaux 
sans Vertebres. Edition mise en rapport avec les programmes officiels pour 
Venseignement sécondaire spécial, et contenant 330 figures intercalies dans 
le texte (2e année). 2e édition. Paris: Hachette et Cie. (12mo.) 

Gervais (P.). Cours élémentaire d’Histoire Naturelle, contenant les 
matiéres indiquées par les programmes officiels du 23 Juillet, 1874, pour 
Yenseignement de lhistoire naturelle dans les classes de lettres. Tllu- 
strée de 240 gravures intercalies dans le texte. Paris: Hachette et Cie. 
(18mo.) 

Leuckart (Rudolph) and H. Nitsche. Zoologische Wandtafeln. 
Von Dr. R. Leuckart und Dr. H. Nitsche. Erste Lieferung, Tafel I.-ILI. 
Cassel. 1877. 

[Am. Journ. 8. and A. (3), XIV., 426, 500.] 

Pagenstecher (H. Alex.). Allgemeine Zoologie oder Grundgesetze 
des thierischen Baus und Lebens. 2. Theil, mit 206 eingedr. Holzschn. 
Berlin: Wiegandt, Hempel, & Parey. 

Schmarda (Ludw. K.). Zoologie. 2. umgearb. Aufl. 1. Band, mit 
324 eingedr. Holzschn. Wien: Braumiiller. 

ECONOMICAL ZOOLOGY. 

Lankester (Edwin). The Uses of Animals to Man. London. 1877. 

[He Ss. Gs, No. 147, p. 67. ] 

Nogues (A. F.). Traité de Zoologie appliquée & agriculture, 2 1’in- 
dustrie, au commerce, et @ tous les arts technologiques. Par A. F. Nogués, 
Paris: G. Masson. 1876. (8vo,4 vols. Price, 15 fr.) 

Simmonds (P. L.). Animal Products. Their Preparation, Commer- 
cial Uses, and Value. By P. L. Simmonds. Published for the Committee 
of Council on Education by Chapman & Hall, 193 Piccadilly. 1877. 
(Svo, xx, 416 pp. ; illustrated.) 

(South Kensington Museum Science Hand-books. Branch Museum, 
Bethnal Green.) 

PHYSIOLOGY. 

Aveling (Edward B.). Physiological Tables for the Use of Students. 

Compiled by Edward B. Aveling, D.Sc., F.L.S. London: Hamilton, 

Adams, & Co. 
[Nature, XVII., 5. Condemnatory. ] 

Foster (Michael). A Text-book of Physiology. By M. Foster, M.A., 

M.D., F.R.S., Prelector of Physiology, and Fellow of Trinity College, 

Cambridge. London: Macmillan & Co. 1877. (8vo, 559 pp.) 

[Am. Nat., XII., 177, 178. ] 

[Nature, XVI., 79. ] 
[Popular (The) Science Monthly, X., 756. ] 



446 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

GEOGRAPHICAL DISTRIBUTION, 

Wallace (Alfred Russel). The Geographical Distribution of Ani- 
mals, with Study of the Relations of Living and Extinct Faunas as Elucidat- 
ing the Past Changes of the Karth’s Surface. By Alfred Russel Wallace. 
In Two Volumes. With Maps and Illustrations. New York: Harper & 
Brothers. 1876. (8vo, 503, 607 pp. Price, $10 00.) 

[Am. Nat., XI., 232. ] 
[Nation (The), XXV., 27-29, 42, 43.] 

TAXIDERMY, 

Maynard (C. J.). The Naturalist’s Guide in Collecting and Preserving 
Objects of Natural History, with a Complete Catalogue of the Birds of East- 

ern Massachusetts. By C.J. Maynard. With Illustrations by E. L.Weeks. 
Salem: The Naturalist’s Agency. 1877. (12mo,170 pp. Price, $2 00.) 

[Am. Nat., XI., 238. ] 

INVERTEBRATES IN GENERAL. 

Huxley (Thomas H.). A Manual of the Anatomy of Invertebrated 
Animals. By Thomas H. Huxley, LL.D., F.R.S. London: J. & A. 

Churchil]. 1877. (16mo, viii., 698 pp.) 
[ Nature, XVI., 517, 518. ] 

Semper (C.). Die Verwandtschaftsbeziehungen der gegliederten Thiere. 
ILI. Strobilation und Segmentation. Ein Versuch zur Feststellung specieller 

Homologien zwischen Vertebraten-Anneliden und Arthropoden. Von C. 

Semper. (Arbeiten aus dem Zoologisch -Zootomischen Institut in Wurz- 
burg. Bd. ILI., Hefte 2,3.) (8vo, 289 pp., 11 Plates.) 

[Am. Naf., XI., 359. | 

PORIFERA. 

Hyatt (Alpheus). Revision of North American Porifera. With Re- 
marks upon Foreign Species. Part II. Boston. May 28,1877. (Mem- 
oirs of the Boston Society of Natural History, Vol. II., Part IV., No. 5. 

4to, 73 pp.. 8 Carbon Photographs. ) 

[Am. Nat., XI., 560. ] 

ECHINODERMS. 

Agassiz (Alexander). North American Star-fishes. Vol. V., No. 1, 
of the Memoirs of the Museum of Comparative Zoology. By Alexander 
Agassiz. Cambridge. June, 1877. (4to, 187 pp., with 20 Plates.) 

[Am. Journ. S. and A. (3), XIV., 73. ] 

INSECTS. 

Economical Entomology. 

Murray (Andrew). Economic Entomology. By Andrew Murray, 
F.L.S.  Aptera. Prepared at the request of the Lords of the Committee 



BIBLIOGRAPHY. 447 

of Council on Education, and published for them by Chapman & Hall, 193 
Piccadilly. London. 1877. (8vo, xxiii., 433 pp. ; illustrated. ) 

(South Kensington Museum Science Hand-books. ) 
[Am. Nat., XL, 482.] 

Riley (Charles V.). Ninth Annual Report on the Noxious, Beneficial, 
and other Insects of the State of Missouri. By Charles V. Riley, State En- 
tomologist. Jefferson City. 1877. (8vo, 130 pp.) 

Riley (Charles V.). Potato Pests. Being an Illustrated Account of 
the Colorado Potato Beetle and the other Insect Foes of the Potato in North 
America. With Suggestions for their Repression and Methods for their De- 
struction. By Charles V. Riley. New York. 1877. (8vo.) 

[Popular (The) Science Monthly, XII., 373, 374.] 

Thomas (Cyrus). Sixth Report of the State Entomologist on the 

Noxious and Beneficial Insects of the State of Illinois. The first Biennial 

Report. By Cyrus Thomas, Ph.D. Springfield, Il], 1877. (8vo, 180 pp.) 
[Am. Nat., XIT., 120. ] 

United States. Bulletins of the United States Entomological Commis- 

sion. Nos. 1and 2. Washington: Government Printing-office. 1877. 
[Popular (The) Science Monthly, XII., 370. ] 
[Am. Journ. S. and A. (3), XIV, 74.] 

( Orthoptera.) 

Riley (Charles V.). The Locust Plague in the United States. By C, 
V. Riley, M.A., Ph.D. With numerous Illustrations and Colored Maps. 
Chicago: Rand, McNally, & Co. 1877. (8vo, 236 pp. Price, $1 25.) 

[Popular (The) Science Monthly, XII., 113.] 

( Coleoptera.) 

Fairmaire (L.). Faune élémentaire des Coléoptéres de France, conte- 
nant la Déscription des genres et des espéces que se recontrent le plus fré- 
quemment en France. 4ieme édition, revue et augmentée de Tableaux syn- 

optiques et de la Déscription d’un grand nombre d’espeéces. Laris: De- 

grolle fils. (3826 pp. et 10 pl. 18.) 

Gemminger (Max) and B. von Herold. Catalogus Coleopterorum 
hucusque descriptorum synonymicus et systematicus. Auctoribus Dr. Max 
Gemminger et B. von Harold. Tomus XII. Miinchen: Verlag von Theo- 

dor Ackermann. 1877. (8vo.) 

Le Conte (John L.) and George H. Horn. The Rhynchophora of 
America north of Mexico. By John L. Le Conte, assisted by George H. 
Horn. (8vo, 456 pp., constituting Vol. XV. [December, 1876].) 

[Am., Journ. S. and A. (3), XIII., 242. ] 

(Lepidoptera. ) 

Hoffmann (Jul.). Der Schmetterlingssammler: Beschreibung und 



448 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

Abbildung der vorziiglichsten in Mitteleuropa heimischen Schmetterlinge. 

Nebst ausfuhrlicher Anleitung Schmetterlinge zu fangen, aus Raupen zu 
erziehen und eine Sammlung anzulegen. Stuttgart: Thienemann. 1877. 

Kirby (W. F.). A Synonymic Catalogue of Duurnal Lepidoptera. By 
W. F. Kirby. Supplement, March, 1871-June, 1877. London: Van 
Voorst. 1877. (S8vo, 883 pp.) 

[Am. Nat., XII., 118, 119. ] 

Packard (Alpheus §., Jr.). The Geometrid Moths of the United 
States. By A.S. Packard, Jr., M.D. With numerous Plates. Washing- 
ton: Government Printing-office. 1877. 

(Department of the Interior. Report of the United States Geological 
Survey of the Territories. ) 

{Popular (The) Science Monthly, XI., 373, 374. ] 

MOLLUSKS. 

Systematic. 

Kobelt (W.). Katalog lebender Mollusken. 1. Serie. Frankfurt-am- 
Main. 1877. (8vo.) 

Martini and Chemnitz. Systematisches Conchylien-Cabinet. Von 
Martini und Chemnitz. In Verbindung mit L. Phillippi, L. Pfeiffer, Dunker, 
etc. Neu herausgegeben und vervollstandigt von H. C. Kuster; nach des- 

sen Tode fortgesetzt von W. Kobelt und H. C. Weinkauff. Sect. 80-81. 
Niirnberg. 1877. (4to.) 

Anatomy. 

Thering (H. von). Vergleichende Anatomie des Nervensystems und 
Phylogenie der Mollusken. Von H. von Ihering. Leipzig: W. Engelmann. 
1877. (fol.) 

Oyster. 

Moebius (Karl), Die Auster und die Austernwirthschaft. Von Karl 
Moebius, Professor der Zoologie in Kiel. Mit einer Karte und neun 

Holzschnitten. Berlin: Verlag von Wiegandt, Hempel, & Parey. 1877. 
(12mo, vii., 126 pp. and 1 Map.) 

[Am. Journ. S. and A. (3), XV. ] 

Gasteropods, 

Pfeiffer (Louis). Monographia Heliciorum viventium. Sistens descrip- 
tiones systematicas et criticas omnium hujus familiz generum et specie- 
rum hodie cognitarum. Vol. VII[. Fasc. 4 (finis). Leipzig: Brockhaus, 
1877. 

Cephalopods. 

Bobretzky (N,). Untersuchungen iiber die Entwickelung der Cepha- 

lopoden. Von Dr. N. Bobretzky, aus Kiew. (Nachrichten der k. Ge- 

sellschaft der Freunde der Naturerkenntniss, Anthropologie und Ethnogra- 



BIBLIOGRAPHY. 449 

phie bei der Universitat Moskau.) Bd. XXIV. Heft 1. Moscow. 1877. 
(4to, 73 pp., with 10 Plates. ) 

[Am. Nat., XI., 681.] 

VERTEBRATES. 

General. 

Sclater (P.L.). List of the Vertebrated Animals now or lately Living 
in the Gardens of the Zoological Society of London. Sixth Edition. Printed 

for the Society. London: Messrs. Longmans, Green, Reader, and Dyer. 
1877. (8vo, 5 pl., 519 pp.) 

[Am. Nat., XI., 681. ] 
Skull. 

Parker (William Kitchen) and G.T. Bettany. The Morphology 
of the Skull. By W. K. Parker, F.R.S., and G. T. Bettany, M.A., B.Sc. 
London: Macmillan & Co. 1877. (16mo, xv., 368 pp.) 

[Am. Nat., XII., 119, 120.] 
{Nature, XVIL., 3, 4. ] 

Brain. 

Mihalkovics (Vict. V.). Entwickelungsgeschichte des Gehirns. Nach 

Untersuchungen an hoheren Wirbelthieren und dem Menschen dargestellt. 

Mit 7 lith. zum Theil farb. Taf. Leipzig: Engelmann. 

PHYS TOL O Gey. 

Miscellaneous. 

Du Bois - Reymond (Emil). Gesammelte Abhandlungen zur allge- 

meinen Muskel- und Nervenphysik. 2. Bd. Mit 21 in den Text gedr. Holz- 
schn. 2 Tabellenbogen and 3 Taf. (2 lith. und 1 in Kpfrst.). Leipzig: 

Veit & Co. 1877. (8vo.) 

Nervous System. 

Allan (Grant). Physiological Esthetics. By Grant Allan, B.A. 

London: Henry S. King & Co. 1877. (8vo.) 

[ Nature, XVI., 98. | 

Allan (Grant). Physiological Asthetics. By Grant Allan, B.A. 
New York: D. Appleton & Co. 1877. (283 pp. Price, $1 50.) 

[Popular (The) Science Monthly, XI., 760. | 

Ferrier (David). ‘The Functions of the Brain. By David Ferrier, 

M.D., F.R.S. With numerous Illustrations. New York: G. P. Putnam's 

Sons. (823 pp. Price, $3 50.) 
[Popular (The) Science Monthly, XII., 752. } 

Lewes (George Henry). The Physical Basis of Mind, with Ilustra- 
tions: being the Second Series of Problems of Life and Mind. By George 

Henry Lewes. London: Triibner & Co. 1877. 

[ Nature, XVI., 261-263. ] 

Maudsley (Henry). ‘The Physiology of Mind. Being the First Part 



450 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

of a Third Edition, Revised, Enlarged, and in great part Rewritten, of 

‘“The Physiology and Pathology of the Mind.” By Henry Maudsley, 
M.D. New York: D. Appleton & Co. 1877. (8vo, 547 pp. Price, $2 00.) 

[Popular (The) Science Monthly, XII., 111, 112. ] 

FISHES. 

Beavan (R.). Hand-book of the Fresh-water Fishes of India: Giving 
the Characteristic Peculiarities of the Species at Present Known. By R. 
Beavan. With 12 Plates. London: L. Reeve & Co. 1877. 

Bleeker (P.). Atlas Ichthyologique des Indes Orientales Néerlandaises. 
Publie sous les auspices du gouvernement colonial Néerlandais. Par P. 

Bleeker. Tome VII.  Percoides I., Priacanthiformes, Serraniformes, 
Grammisteiformes, Perceformes, Datnieformes. Amsterdam. Frédéric 
Muller, Editeur. 1877. (Gr. fol.) 

Gervais (H.)and R. Boulart. Les Poissons: Synonymie, déscription, 
meeurs, frai, péche, iconographie des especes composant plus particuliére- 

ment la faune francaise. Par H. Gervais et R. Boulart. Avec une Intro- 

duction par Paul Gervais. Paris: J. Rothschild, Editeur. 1877. (8vo, 
3 vols.) 

United States Commission of Fish and Fisheries. Part III., Report 
of the Commission for 1873-74, and 1874-75. Washington: Government 

Printing-office. 1876. 
[Am. Nat. XI., 559. ] 

[ Nature, XVI., 395, 396. ] 

Weyenberg (H.). Hypostomus plecostomus, Val. Mémoire anato- 
mique pour servir & l’histoire naturelle des Loricaires. Cordoba. 1876. 
Leipzig, Mentzel in Comm. (8vo.) 

AMPHIBIANS. 

Smith (W.H.). The Tailed Amphibians, including the Cecilians. By 
W.H. Smith. Detroit: Herald Print. (158 pp.) 

[Popular (The) Science Monthly, XI., 629, 630. ] 

REPTILES. 

Giinther (Albert C.L.G.). The Gigantic Land-Tortoises (Living 
and Extinct) in the Collection of the British Museum. By Albert C. L. G. 
Giinther, M.A., M.D., Ph.D., F.R.S., Keeper of the Department of Zool- 

ogy. London: Printed by order of the Trustees. 1877. (4to, vi., 96 pp., 

55 pl.) 

BIRDS. 

Gentry (Thomas G.). Life Histories of the Birds of Eastern Pennsyl- 
vania. By Thomas G. Gentry. Vol. II. Philadelphia: Published by the 
Author. 1877. (8vo, 399 pp.) 

[Am. Journ. S. & A. (3), XIV., 426. ] 



BIBLIOGRAPHY. 451 

Hartlaub (G.). Die Vogel Madagascars und der benachbarten Insel- 
gruppen. Ein Beitrag zur Zoologie der Aethiopischen Region. Von G. 
Hartlaub. Halle: Druck und Verlag yon H. W. Schmidt. 1877. (8vo, 
425 pp.) 

[Nature, XVI., 498, 499; XVII., 9, 10.] 

Sharpe (R. Bowdler). Catalogue of the Birds in the British Museum. 
By R. Bowdler Sharpe. Vol. III. Catalogue of the Coliomorphe, con- 
taining the families Corvidx, Paradiseide, Oriolide, Dicruride, and Priono- 
pide. London: Printed by order of the Trustees. 1877. (8vo, xiii., 344 
pp-, 14 pl.) 

59 [Nature, XVI., 541, 542.] 

Vaughan (Victor C.). Notes on the Osteology and Myology of the 
Domestic Fowl (Gallus domesticus), for the Use of Colleges and Schools 
of Comparative Anatomy, and for the Independent Zoological Student. By 

Victor C. Vaughan, Ph.D. Ann Arbor, Mich.: Sheehan & Co. 1876. 
(12mo, 116 pp., with Cuts. Price, $1 50.) 

[Am. Nat., XI., 358; XII., 48.] 

MAMMALS. 

Caton (John Dean). The Antelope and Deer of America. A Com- 

prehensive Scientific Treatise upon the Natural History, including the 

Characteristics, Habits, Affinities, and Capacity for Domestication, of the 

Antilocapra and Cervidz of North America. By John Dean Caton, LL.D. 
New York: Published by Hurd and Houghton. Boston: H. O. Houghton 
& Company. Cambridge: The Riverside Press. 1877. (8vo, 426 pp., 
with Portrait.) 

[Am. Nat., XI., 354-358. ] 

Coues (Elliott). Fur-bearing Animals. A Monograph of North 
American Mustelidz, in which an Account of the Wolverine, the Martens, 

or Sables, the Ermine, the Mink, and various other Kinds of Weasels, sey- 

eral Species of Skunks, the Badger, the Land and Sea Otters, and numerous 

Exotic Allies of these Animals, is contributed to the History of North Amer- 

ican Mammals. By Elliott Coues, Captain and Assistant Surgeon United 

States Army, Secretary and Naturalist of the Survey. Illustrated with 60 
Figures on 20 Plates. Washington: Government Printing-office. 1877. 

(Department of the Interior. United States Geological Survey of the Ter- 

ritories. F.V. Hayden, United States Geologist. Miscellaneous Publica- 

tions—No. 8. 8vo, xiv., 348 pp.) 

[Am. Journ. S. and A. (3), XIV., 422.] 

[Am. Nat., XI., 618. ] 

[Popular (The) Science Monthly, XII., 246. ] 

Coues (Elliott) and Joel Asaph Allen. Monographs of North 
American Rodentia. By Elliott Coues, Captain and Assistant Surgeon 

U.S. A., and Joel Asaph Allen, Assistant in the Museum of Comparative 

Zoology, Cambridge. Washington; Government Printing-office. 1877. 



452 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

(Department of the Interior. Report of the United States Geological 
Survey of the Territories. Volume XI.) 

(Am. Journ. S. and A. (3), XIV., 422.] 

Flower (William Henry). An Introduction to the Osteology of the 
Mammalia. By William Henry Flower, F.R.S.,F.R.C.S. Second Edition. 
London: Macmillan & Co. 1877. (16mo, 349 pp.) ; 

[Am. Nat., XII., 119.] 

Martin (Philipp Leopold), Das Leben der Hauskatze und ihrer Ver- 
wandten. Eine Schilderung ihrer Rassen und Varietiiten; Lebensweise, 

Nutzen und Schaden, Krankheiten, Pflege, Erziehung, etc. Von Philipp. 

Leopold Martin, in Stuttgart. Mit Illustrationen. Weimar: B. F. Voigt. 

(Svo, 2 M.) 

Morin. Mammiféres Solipédes, Cheiroptéres, Phocaces. Paris: A. 
Rigaud. (8vo, 348 pp.) 

MAN. 

General. 

Harris (George). A Philosophical Treatise on the Nature and Consti- 
tution of Man. By George Harris, LL.D., F.8.A. London: George Bell 

& Sons. 1877. 
[Nature, XVI., 393, 394.] 

Letourneau (Ch.). Anthropogénie, ou Histoire de l’Evolution Humaine, 

lecons familiéres sur les principes de lembryogénie et de la phylogénie hu- 

maines. ‘Traduit de Vallemand. Sur la deuxieme édition. Par Ch. Le- 
tourneau. Ouvrage contenant 11 Plates, 210 Grav. sur bois, et 36 Tab- 

leaux généalogiques. Paris: Reinwald & Cie. (8vo, xv., 647 pp.) 

Sociology. 

Morgan (Lewis Homer). Ancient Society; or, Researches in the 
Lines of Human Progress from Savagery through Barbarism to Civiliza- 
tion. By Lewis Homer Morgan, LL.D. New York: Henry Holt & Co. 
1877. (560 pp. Price, $4 00.) 

[Popular (The) Science Monthly, XI., 758, 759. ] 

Spencer (Herbert). The Principles of Sociology. By Herbert Spen- 
cer. Vol. I. New York: D. Appleton & Co. 1877. (8vo, 734 pp. 
Price, $2 50.) 

[Popular (The) Science Monthly, XI., 112-116, 247.] 

Heredity. 

Dugdale (R.L.). The Jukes: a Study in Crime, Pauperism, Disease, 
and Heredity. Also, Further Studies of Criminals. By R. L. Dugdale, 

Member of the Executive Committee of the Prison Association, New York. 

With an Introduction by Elisha Harris, M.D., Corresponding Secretary 
Prison Association. New York: G. P. Putnam's Sons. 

[Popular (The) Science Monthly, XI., 118.] 



BIBLIOGRAPHY. 453 

(Religion.) 

Amberly (Viscount). An Analysis of Religious Belief. By Viscount 
Amberly. From the late London edition. Complete. New York: D. M. 
Bennett. (4to,726 pp. Price, $3 00.) 

[Popular (The) Science Monthly, XI., 374, 375.] 

Johnson (Samuel). Oriental Religions and their Relations to Univer- 
sal Religion. China. By Samuel Johnson. Boston: Osgood & Co. (975 
pp. Price, $5 00.) 

[Popular (The) Science Monthly, XI., 625-627, ] 

Ethics. 

Sedgwick (Henry, M.A.). The Methods of Ethics. By Henry Sedg- 
wick, M.A. Second Edition. London: Macmillan & Co. (469 pp. Price, 
$4 00.) 

[Popular (The) Science Monthly, XII., 368, 369.] 

Archeology. 

(Asia.) 

Smith (George). Ancient History from the Monuments. The History 
of Babylonia. By the late George Smith. Edited by A. H. Sayce. Lon- 

don: Society for Promoting Christian Knowledge. 1877. 
[Nature, XVII., 119, 120.] 

Vaux (W.8.W.). Ancient History from the Monuments. The Greek 
Cities and Islands of Asia Minor. By W.S. W. Vaux. London: Society 
for Promoting Christian Knowledge. 1877. 

(Nature, XVII., 119, 120.] 

(Europe.) 

Chantre (E.). Etudes paléoethnologiques dans le Bassin du Rhéne. Age 
du Bronze. Recherches sur l’Origine de la Métallurgie en France, iere 
Partie: Industrie de lAge du Bronze. 3iéme Partie: Statique. Two Vol- 
umes. Paris: Baubry. (4to, xxi., 605 pp.) 

Pennington (Rooke). Notes on the Barrows and Bone-Caves of 
Derbyshire. With an Account of a Descent into Elden Hole. By Rooke 
Pennington, B.A., LL.B., F.G.S. London: Macmillan and Co. 1877. 

[Nature, XVI., 416, 417. ] 

Virchow (Rudolf). Beitrige zur physischen Anthropologie der Deut- 
schen, mit besonderer Beriicksichtigung der Friesen. Mit 5 lithogr. Taf. Ber- 

lin: Diimmler’s Verl. in Comm. 1876. 

(North America.) 

Matthews(Washington). Ethnography and Philology of the Hidatsa 
Indians. By Washington Matthews, Assistant Surgeon United States Army. 

Washington: Government Printing-office. 1877. (8vo, vi., 289 pp.) 
(Department of the Interior. United States Geological and Geographical 



454 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

Survey. F. V. Hayden, United States Geologist, in charge. Miscellaneous 
Publications—No. 7.) 

[Am. Nat., XI., 619.] 

Powers (Stephen), ‘Iribes of California, Washington: Government 
Printing-office. 1877. 

(Department of the Interior. United States Geographical and Geological 

Survey of the Rocky Mountain Region. J. W. Powell, in charge. Con- 
tributions to North American Ethnology—Vol. III.) 

PALZONTOLOGY. 

GENERAL. 

Nicholson (Henry Alleyne). ‘The Ancient Life History of the 
Earth: a Comprehensive Outline of the Principles and Leading Facts of 

Palzontological Science. By Henry Alleyne Nicholson, M.D., D.S.C., 
M.A., Ph.D. (Gott.), F.R.S.E., F.L.S., Professor of Natural History in 
the University of St. Andrews. Edinburgh and London: William Black- 
wood & Sons. 1877. 

[Nature, XVI., 39, 40. ] 

[Popular (The) Science Monthly, XII., 631.] 

EUROPE. 

Koninck (L. G. de). Récherches sur les Fossiles Paléozoiques de la 
Nouvelle Galles du Sud (Australie). Par L. G. de Koninck, D.M. Brux- 

elles. 1876. (Mem. Soc. Roy. des Sci. de Liege. 8vo, 140 pp., with an 
Atlas in 4to.) 

[Am. Journ. S. and A. (3), XTII., 158.] 

NORTH AMERICA. 

General. 

Miller (8. A.). The American Paleozoic Fossils: a Catalogue of the 
Genera and Species, with the Names of Authors, Dates, Places of Pub- 
lication, Groups of Rocks in which found, and the Etymology and Signifi- 
cation of the Words, and an Introduction devoted to the Stratigraphical 

Geology of the Palzozoic Rocks. By S. A. Miller. Cincinnati, O.: The 
Author, 8 West Third Street. 1877. (258 pp.) 

[Am. Journ. S. and A. (3), XIV., 156.] 

[Popular (The) Science Monthly, XII., 373. ] 

(Canada.) 

Whiteaves (J. F.). Mesozoic Fossils. Vol. I. Geological Survey of 
Canada. Part I. On some Invertebrates from the Coal-bearing Rocks of 

the Queen Charlotte Islands. Collected by J. Richardson in 1872. By J. 

F. Whiteaves. (Svo, 92 pp., with A., 10 Plates of Fossils, and a Map.) 
[Am. Journ. §. and A. (8), XIII., 157, 158. ] 

“ ee Cd ni Pdr eee 



BIBLIOGRAPHY. 45 Gr 

(United States. ) 

United States. Engineer Department, U. S. Army. Report upon 
United States Geographical Surveys West of the One Hundredth Meridian, 

in charge of First Lieutenant George M. Wheeler, Corps of Engineers, U. S. 

Army, under the Direction of Brig.-Gen. A. A. Humphreys, Chief of Engi- 
neers, U.S. Army. Vol. IV. Palxontology. Washington: Government 
Printing-office. 1877. (4to.) 

[Aas Wat.; X1., 750: | 
[Am. Journ. S. and A. (3), XV., 55, 56.] 

War Department. Preliminary Report on the Palzontol- 
ogy of the Black Hills. By R. R. Whitfield. Washington: Government 
Printing-office. 1877. (S8vo, 50 pp.) 

[Am. Journ. S. and A. (3), XIV., 321.] 

(New York.) 

Hall (James), Paleontology of New York. Illustrations of Devonian 
Fossils: Gasteropoda, Pteropoda, Cephalopoda, Crustacea, and Corals of 
the Upper Helderberg, Hamilton, and Chemung Groups. By James Hall. 

Albany. 1876. (4to, over 140 quarto plates. ) 
[Am. Journ. S. and A. (3), XIV., 493, 494.] 

GEOLOGY. 

SYSTEMATIC. 

Hauer (Franz von). Die Geologie. Von Franz Ritter yon Hauer. 

Wien: A. Holder. 1877. 

[Nature, XVII., 78. ] 

Leconte (Joseph). Elements of Geology. A Text-book for Colleges 
and the General Reader. By Joseph Leconte, Author of ‘‘ Religion and 
Science,” and Professor of Geology and Natural History in the University 
of California. New York: D. Appleton & Co. 1878. (S8vo, xiil., 588 pp., 

with 903 Illustrations. Price, $4 50.) 

[Am. Journ. S. and A., XV., 218.] 
[Am. Nat., XII., 176. ] 

MISCELLANEOUS. 

Malet (H. P.). Incidents in the Biography of Dust. By H. P. Malet. 

London: Triibner & Co. 
[Nature, XVI., 139, 140.] 

BIBLIOGRAPHY. 

Cotta(Bernhard von). Geologisches Repertorium. Von Bernhard von 

Cotta. Mit einem vollstandigen Index. Leipzig: Verlagsbuchhandlung 

von J.J. Weber. 1877. (8vo, ix., 400 pp.) 

(Beitrage zur Geschichte der Geologie. Von Bernhard yon Cotta. Erste 

Abth. ) 



456 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

LITHOLOGY. 

Jannetaz (E. von). A Guide to the Determination of Rocks; being an 
Introduction to Lithology. By E. Jannetaz. ‘Translated from the French by 
G. W. Plympton, C.E., M.E. New York: D. Van Nostrand. 1877. (8vo, 
165 pp.) 

[Am. Journ. §. and A. (3), XV., 66.] 

Rosenbusch (H.). Mikroskopische Physiographie der massigen Ges- 
teine. Von H. Rosenbusch. Stuttgart: E. Schweizerbart’sche Verlags- 
handlung. 1877. (8vo, 596 pp.) 

[Am. Journ. S. and A. (8), XV., 65, 66. ] 

Zirkel (Ferdinand). Microscopical Petrography. By Ferdinand Zir- 
kel. Being Vol. VI. of the Report of the United States Geological Explora- 
tion of the Fortieth Parallel, made under the Direction of the Engineer De- 

partment by Clarence King, Geologist in charge. Washington: Govern- 
ment Printing-office. 1876. 

[Nature, XVI., 473, 474.] 

TERRACES. 

Greenwood (George). River Terraces. By Colonel George Green- 
wood. London: Longmans & Co. 

[Nature, XVI., 181, 182. ] 

GLACIAL EPOCH. 

Kropotkin (P.). Researches on the Glacial Period. By P. Kropotkin. 
(First Fascicule, 827 pp. Vol. VIII. With Maps and Woodcuts in separate 

brochure. [Memoirs of the Russian Geographical Society. Vol. XI. 1876. ]) 
{ Nature, XVI., 161. ] 

SPECIAL COUNTRIES, 

Europe. 

Pfaff (Friedrich). Die Naturkrifte in den Alpen, oder physikali- 
sche Geographie des Alpengebirges. Von Dr. Friedrich Pfaff, ord. Pro- 

fessor an der Universitat Erlangen. Miinchen: Oldenbourg. 1877. 
[ Nature, XVI., 542. Condemnatory. | 

North America. 

Canada. 

Canada. Geological Survey of Canada. Alfred R. C. Selwyn, F.R.S., 
F.G.S8., Director. Report of Progress for 1875-76. Published by Author- 
ity of Parliament, 1877. 

[Am. Journ. §. and A. (8), XIV., 70.] 

United States. 

( General.) 

United States. Department of the Interior. U.S. Geological and 



BIBLIOGRAPHY. 457 

Geographical Surveys of the Territories. F.V. Hayden, United States Ge- 
ologist, in charge. Ninth Annual Report of the United States Geological and 

Geographical Survey of the Territories, embracing Colorado and Parts of Ad- 
jacent Territories; being a Report of Progress of the Exploration for the 

Year 1875. By F. V. Hayden, United States Geologist. Conducted under 
the Authority of the Secretary of the Interior. Washington: Government 
Printing-office. 1877. (8vo, 827 pp., with 70 Plates, 7 Maps, and $7 Wood- 
cuts. ) 

[Am. Journ. S. and A. (2), XI, 681. ] 
[Am. Nat., XI., 619. ] 

[ Popular (The) Science Monthly, XII., 246.] 

United States. Bulletin of the United States Geological and Geograph- 
ical Survey of the Territories. Vol. III].-IV. Washington: Government 
Printing-office. 1876-77. 

[Am. Journ. S. and A. (8), XIII., 468; XIV., 69, 154, 422; XV., 
216. | 

fAm. Nat., XID, 179. ] 
[ Nature, XVI., 437, 438. ] 

[Popular (The) Science Monthly, XI., 760, 761; XII., 371.] 

Miscellaneous Publications. No. 7. Ethnography and 
Philology of the Hidatsa Indians. By Washington Mathews, Assistant Sur- 

geon U.S. A. Washington: Government Printing-office. 1877. 

[Am. Journ. S. and A. (3), XIV., 422. 

Department of the Interior. U.S. Geographical and 
Geological Survey of the Territories. Second Division. J. W. Powell, 

Geologist, in charge. Report on the Geographical and Geological Survey 
of the Rocky Mountain Region. By Major J. W. Powell, in charge of the 

Survey. Washington: Government Printing-office. 1877. 

[Am., Nat., XII., 126. ] 
[Am. Journ. S. and A., XV., 218. ] 

Report on the Geology of the Eastern Portion of the Uinta 
Mountains, and a Region of Country Adjacent thereto. With Atlas. By 
J. W. Powell. Washington: Government Printing - office. 1876. (Ato, 

viii., 218 pp.) 
[Popular (The) Science Monthly, XI., 628. | 

War Department. United States Geological Explora- 

tion of the Fortieth Parallel. Clarence King, Geologist, in charge. Mi- 

croscopical Petrography. By Ferdinand Zirkel. Illustrated by 12 Plates. 

Washington: Government Printing-office. 1876. (ito.) 

[Am. Nat., XII., 178. ] 

War Department. Geographical Surveys West of the 

One Hundredth Meridian. By Lieutenant G. M. Wheeler. With Illustra- 

tions. Washington: Government Printing-office. 

[Popular (The) Science Monthly, XI., 628. ] 

Annual Report on the Geographical Surveys West of the 

U 



458 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

100th Meridian. By G. M. Wheeler, First Lieut. Eng. U.S.A. Washing- 
ton. 1876. (8vo, 356 pp., with many Maps and Plates.) 

[Am. Journ. S. and A. (3), XIIL, 468. ] 

United States. War Department. Engineer Department, U.S. Army. 
Report of the Exploring Expedition from Sante Fé, New Mexico, to the 
Junction of the Grand and Green Rivers of the Great Colorado of the West, 

in 1859, under the Command of Capt. J. N. Macomb; with Geological Re- 

port by Prof. J. S. Newberry, Geologist of the Expedition. Washington: 

Government Printing-office. 1876. (4to.) 

[Nature, XV., 337-340. ] 

CIndividual States.) 

Alabama. Report on the Geological Survey of Alabama for 1876. By 
Eugene A. Smith, State Geologist. Montgomery, Ala. 1877. (8vo, 100 

pp-) 
[Am. Journ. S. and A. (8), XIII., 230. ] 

Indiana. Eighth Annual Report of the Geological Survey of Indiana, 
made during the year 1876. By E. T. Cox, State Geologist. Indianapolis. 

1877. 

Kentucky. Memoirs of the Geological Survey of Kentucky. N. S. 
Shaler, Director. Vol. I. 1876. (4to, 334 pp.) 

[Am. Journ. S. and A. (3), XIII., 226. ] 

Minnesota. The Geclogical and Natural-History Survey of Minnesota. 
The Fifth Annual Report, for the year 1876. Submitted to the President 
of the University, Dec. 31, 1876. St. Paul: Pioneer Press Company. 1877. 

[Am. Journ. S. and A. (3), XIV., 422. 

New Hampshire. The Geology of New Hampshire. C. H. Hitch- 
cock, State Geologist. J. H. Huntington, Warren Upham, and G. W. 

Hawes, Assistants. Part II. Stratigraphical Geology. Concord. 1877. 
(8vo.) 

[Am. Journ. S. and A. (8), XIV., 240, 316. | 

New Jersey. Geological Survey of New Jersey. Annual Report of 
George H. Cook, State Geologist, for the year 1877. Trenton. 1877. 

[Am. Journ. S. and A. (3), XV., 216. ] 

Pennsylvania. Second Geological Survey of Pennsylvania. 1875. Re- 
port of Progress in the Cambria and Somerset District of the Bituminous 
Coal-fields of Western Pennsylvania. By F. and W. G. Platt. Illustrated 
with 84 Wood-cuts and 4 Maps and Sections. Part I. Cambria. Harrisburg: 

Published by the Board of Commissioners for the Second Geological Survey. 
1877. (8vo, H.xxx., H. 101-194 pp., 1 C., 4 Maps and Sections [8 gilded ].) 

[Am. Journ. S. and A. (8), XIV., 69. ] 

—— Report of Progress in the Counties of York, Adams, Cumberland, 
and Franklin. Illustrated by Maps and Cross Sections, showing the Mag- 

netic and Micaceous Ore Belt near the Western Edge of the Mesozoic 

liao’ 

ae So ae ee ee ee, ee! er. 



aul i cc ae ii ll Oe le 

BIBLIOGRAPHY. 459 

Sandstone, and the two Azoic Systems constituting the Mass of the South 
Mountains; with a Preliminary Discussion on the Dillsburg Ore Bed, and a 
Catalogue of Specimens. Collected in 1875 by Persifer Frazer, Jr. Har- 
risburg: Published by the Board of Commissioners for the Second Geolog- 

ical Survey. 1877. (8vo, C. 20 pp., 2 Plates; C. 400 pp., 3 Plates, 12 Maps 
[11 gilded ].) 

[Am. Journ. S. and A. (3), XIV., 69. ] 

Pennsylvania. Special Report on the Coke Manufacture of the Yough- 

iogheny River Valley in Fayette and Westmoreland Counties’ Iron-ore Beds. 

From Surveys by Charles A. Young. By Franklin Platt. ‘To which are 
Appended (1) A Report on Methods of Coking, by John Fulton, M.E.; (2) 

A Report on the Use of Natural Gas in the Iron Manufacture, by John B. 
Pearse and Franklin Platt. Harrisburg: Published by the Board of Com- 
missioners for the Second Geological Survey. 1876. (8vo, pp. L. viii., L. 
1-252, with 17 Plates and Maps [4 gilded ].) 

[Am. Journ. S. and A. (3), XIV., 69. | 

Report of Progress H. H. Oil Well. Records and Levels. By 
John F. Carll. Published in advance of Report of Progress. III. Harris- 

burg: Published by the Board of Commissioners for the Second Geological 
Survey. 1877. (8vo, pp. LI. xiv., II. 1-398, with 1 Map.) 

[Am. Journ. 8. and A. (3), XIV.] 

Second Preliminary Report on the Mineralogy of Pennsylvania. 

By F. A. Genth. With Analyses of Mineral Spring Waters. Harrisburg: 
Published by the Board of Commissioners for the Second Geological Survey. 
1876. (S8vo, pp. B. vii., B. viii., B. 207-238, with Plates.) 

[Am. Journ. S. and A. (8), XIIL., 317, 318. ] 

Wisconsin. Geology of Wisconsin. Survey of 1873-1877. Vol. II. 
Accompanied by an Atlas of Maps. Madison. 1877. (8vo, 768 pp.) 

[Am. Journ. S. and A. (8), XV., 61-64. ] : 
[Am. Nat., XII., 130. ] 

Annual Report of Progress and Results of the Wisconsin Geolog- 

ical Survey for the Year 1876. By F. C. Chamberlin, Chief Geologist. 

Madison, Wisconsin. 1877. (8vo, 4 pp.) 
[Am. Journ. S. and A. (8), XIII., 250; XV., 216.] 

GEOGRAPHY. 

PHYSICAL GEOGRAPHY. 

Geikie (Archibald). Elementary Lessons in Physical Geography. 

By Archibald Geikie, LL.D., F.R.S., Murchison Professor of Geology and 

Mineralogy in the University of Edinburgh, and Director of the Geological 

Survey of Scotland. London: Macmillan & Co. 1877. 

[ Nature, XVI., 158-160. ] 

[Popular (The) Science Monthly, XIT., 246. ] 

Huxley (Thomas Henry). Physiography: an Introduction to the 



460 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

Study of Nature. By T. H. Huxley, F.R.S. London: Macmillan & Co. 
1877. 

[ Nature, XVII., 178-180. ] 

Mackay (Alexander). Physiography and Physical Geography. By 
the Rev. Alexander Mackay. Edinburgh Blackwood & Sons. 1877: 

[Nature, XVI., 437.] 

DICTIONARY. 

Johnston (Alexander Keith). <A General Dictionary of Geography, 
Descriptive, Physical, Statistical, Historical; forming a Complete Gazetteer 
of the World. By A. Keith Johnston, F.R.S.E. New edition, thoroughly 
revised. London: Longmans and Co. 1877. 

[Nature, XVI., 82. ] 

GENERAL. 

Brown (Robert). ‘The Countries of the World; being a Popular De- 
scription of the Various Continents, Islands, Rivers, Seas, and Peoples of 
the Globe. By Robert Brown, M.A., Ph.D., etc. Vol. I. London: Cas- 

sell, Petter, & Galpin. No date. 
[Nature, XVI., 544. ]} 

Major (Richard Henry, F.S.A.). The Discoveries of Prince Henry 
the Navigator, and their Results; being the Narrative of the Discovery by 

Sea, within One Century, of More than Half the World. By Richard Henry 

Major, F.S.A. Portraits, Maps, ete. London: Sampson Low & Co. 1877. 
[Nature, XVI., 284, 285. } 

Reclus (Elisée). Nouvelle Géographie Universelle: La Terre et les 
Hommes. Par Elisée Reclus. II. LaFrance. Paris: Librairie Hachette 

et Cie. 1877. (8vo.) 

Thomson (Sir C. Wyville, Knt.). The Voyage of the ‘‘ Challenger.” 
The Atlantic: a Preliminary Account of the General Results of the Ex- 
ploring Voyage of H. M. S. ‘‘ Challenger” during the Year 1873 and early 

part of the Year 1876. By Sir C. Wyville Thomson, Knt., LL.D., F.R.SS. 

L. and E., etc., Regius Professor of Natural History in the University of 
Edinburgh, and Director of the Civilian Scientific Staff of the ‘‘ Challenger” 

Exploring Expedition. In Two Volumes. Published by Authority of the 
Lords Commissioners of the Admiralty. London: Macmillan & Co. 1877. 
(185-188 pp.) 

[Nature, XVIT., 145-148. ] 

ARCTIC REGIONS. 

Bessels (Emil). United States Navy Department. Scientific Results 
of the United States Arctic Expedition. Steamer ‘‘ Polaris,” C. F. Hall, 

Commanding. Vol. I. Physical Observations. By Emil Bessels, Chief 
of the Scientific Department U. 8. Arctic Expedition. Washington: Gov- 
ernment Printing-office. 1876. (4to.) 

[Nature, XVI., 358. ] 

Ps 

a 
=? 

Ai Rey ay ae yt As oe i". 7 



ees ke 

BIBLIOGRAPHY. 461 

Davis (Charles Henry). Narrative of the North Polar Expedition, 
U. 8. Ship ‘‘ Polaris,” Captain Charles Francis Hall, Commanding. Edited 
under the direction of the Hon. G. M. Robeson, Secretary of the Navy, 
by Rear-Admiral C. H. Davis, U.S. N. United States Naval Observatory. 
1876. Washington: Government Printing-office. 1877, (8vo.) 

[Am. Journ. 8. and A. (3), XIV., 245.] 

[Popular (The) Science Monthly, XII., 247.] 

Payer (Julius). New Lands within the Arctic Circle. Narrative of 
the Discoveries of the Austrian Ship ‘‘'Tegetthoff” in the Years 1872-74. 
By Julius Payer, one of the Commanders of the Expedition. With Maps 
and numerous Illustrations, from drawings by the Author. New York: D. 
Appleton & Co. 1877. (8vo. Price, $3 50.) 

[Popular (The) Science Monthly, XI., 371, 372. 

MIXED. 

Baker (James). Turkey. By James Baker, M.A. New York: Henry 
Holt & Co. 1877. (8vo, 495 pp. Price, $4 00.) 

[Popular (The) Science Monthly, XI., 500, 501. ] 

AFRICA. 

Egypt, ete. 

De Cosson (EH. A.). The Cradle of the Blue Nile; a Visit to the Court 

of King John of Ethiopia. By E. A. De Cosson, F.R.G.S. In Two Vol- 

umes. With Map and Illustrations. London: John Murray. 1877. 
[Nature, XVI., 226. ] 

McCoan Cd. C.). Egypt As It Is. By J. C. McCoan. New York: 
Henry Holt & Co. 1877. (Price, $3 75.) 

[Popular (The) Science Monthly, XIL, 374. ] 

Cape Colony. 

Gillmore (Parker). The Great Thirst Land. A Ride Through Natal, 

Orange Free State, Transvaal, and Kalahari Desert. By Parker Gillmore. 

London: Cassell, Petter, and Galpin. 
[ Nature, XVII., 360. ] 

Madagascar. 

Grandidier(A.). Histoire Physique, Naturelle et Politique de Madagas- 

car. Vol. VI. Histoire Naturelle des Mammifeéres. Par Alph. Milne-Ed- 

wards. Paris: Hachette et Cie. (4to, iv., 193-396 pp.) 

ASIA. 

Turkey in Asia. 

Bryce (James). Transcaucasia and Ararat; being Notes of a Vacation 
Tour in the Autumn of 1876. By James Bryce. London: Macmillan & 

Co. 1877. 
(Nature, XVII., 25, 205, 206. ] 



462 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

Results of the Arabo-Caspian Expedition. (Fascicule IV., 388 pp., 
with 7 Lithographed Plates, and Fascicule V., 68 pp.) St. Petersburg. 
1877. ({n Russian. ) 

[Nature, XVI., 474.] Chine. 

Richthofen (Ferdinand Freiherr von). China. Ergebnisse eige- 
ner Reisen und darauf gegriindeter Studien. Von Ferdinand Freiherr von 

Richthofen. Erster Band. LEinleitender Theil. Berlin: Verlag von Diet- 
rich Reimer. 1877. 

[Am. Journ. S. and A. (8), XIV., 487-491. ] 

Philippine Islands. 

Semper (Carl), Reisen im Archipel der Philippinen. Von Dr. Carl 
Semper. Zweiter Theil: Wissenschaftliche Resultate. Dritter Band: 
Land-Mollusken. Ueber Sehorgane vom Typus der Wirbelthieraugen auf 

dem Riicken von Schnecken. Von Dr. C. Semper. Mit fiinf Tafeln und 

colorirten Abbildungen. Wiesbaden. 1877. (4to, 46 pp.) 
[Am. Nat., XII., 178. ] 

AUSTRALIA. 

Eden (C.H.). The Fifth Continent, with Adjacent Islands; being an 
Account of Australia, Tasmania, and New Guinea. With Statistical Infor- 

mation up to the latest date. By C. H. Eden. With Map. London: So- 
ciety for Promoting Christian Knowledge. 1877. 

[Nature, XVII., 121.] 

EUROPE. 

Russia. 

Wallace (D. Mackenzie). Russia. By D. Mackenzie Wallace, M.A. 
New York: Henry Holt & Co. 1877. (8vo, 620 pp. Price, $4 00.) 

[Popular (The) Science Monthly, XI., 117, 118.] 

Iceland. 

Watts (William Lord). Across the Vatna Jokull; or, Scenes in Ice- 
land. By William Lord Watts. London: Longmans & Co. 

[Nature, XVI., 106. ] 

NORTH AMERICA. 

Greenland. 

Rink (Henry). Danish Greenland: its People and its Products. By 
Dr. Henry Rink, Knight of the Order of Dannebrog, Director of the 

Royal Greenland Board of Trade. Edited by Dr. Robert Brown, F.L.S., 

F.R.G.S., Author of ‘‘ The Races of Mankind,” ete. With Illustrations by 
the Eskimo, and a Map. London: Henry 8S. King & Co. 1877. (12mo.) 

[Nature, XVII., 57, 58.] 

United States. 

Dodge (Richard Irving). ‘The Plains of the Great West and their 



BIBLIOGRAPHY. 463 

Inhabitants ; being a Description of the Plains, Game, Indians, etc., of the 
Great North American Desert. By Richard Irving Dodge, Lieutenant-Col- 

onel United States Army. With an Introduction, by William Blackmore. 
Illustrated. New York: G. P. Putnam’s Sons. (448 pp. Price, $4 00.) 

[Popular (The) Science Monthly, X., 754.] 

Warren (Gouverneur K.). Report on the Transportation Route along 

the Wisconsin, between the Mississippi River and Lake Michigan. By 
Gouverneur K. Warren, Major of Engineers and Brevet-Major-General U. 8. 
Army. Senate Executive Document, No. 28, 44th Congress. Washing- 
ton. 1876. (Svo, 114 pp., with many Maps.) 

[Am. Journ. S. and A. (8), XIII., 152-155.] 

Hayden (Ferdinand V.). The Yellowstone National Park, and the 

Mountain Regions of Portions of Idaho, Nevada, Colorado, and Utah. De- 

scribed by Prof. F. V. Hayden, Geologist, in charge of the United States 

Government Exploring Expeditions to the Yellowstone Valley, and of the 

United States Geological and Geographical Survey of the Territories. I llus- 
trated by Chromo-lithographic Reproductions of Water-color Sketches, by 

Thomas Moran, Artist to the Expedition of 1871. Fifteen Plates in large 
folio, with Text, by Prof. Hayden. Boston: L. Prang & Co. 1876. 

[Am. Journ. S. and A. (3), XIII., 229.] 

Gannett (Henry). List of Elevations, principally in that Portion of 
the United States West ofthe Mississippi. Fourth Edition. By H. Gannett, 

M.E. Washington: Government Printing-office. 1877. (164 pp.) 
[Popular (The) Science Monthly, XI., 627, 628.] 

Jenny (Walter P.), Report on the Mineral Wealth, Climate, and 
Rainfall, and Natural Resources of the Black Hills of Dakota. By Walter 
P. Jenny, E.M., Geologist in charge. Washington: Government Printing- 

office. 1877. 
[Popular (The) Science Monthly, XI., 503. ] 

Ludlow (William). Report of a Reconnoissance from Carroll, Mon- 
tana Territory, on the Upper Missouri, to the Yellowstone National Park 
and Return. Made in the Summer of 1875, by William Ludlow, Captain of 

Engineers, Brevet Lieut.-Col. U. S. Army, Chief Engineer Department of 

Dakota. Being Appendix N. N. of the Annual Report of the Chief of En- 

gineers for 1876. 1876. (8vo, 142 pp.) 
[Am. Journ. S. and A. (3), XIII., 228.) 

Moseley (H.N.). Oregon: its Resources, Climate, People, and Produc- 

tions. By H. N. Moseley, F.R.S. London: Stanford. 1878. 

[Nature, XVII., 302. ] 

SOUTH AND MIDDLE AMERICA. 

Higgins (Henry H.). Notes by a Field Naturalist in the Western 

Tropics (West Indies). By Henry H. Higgins, M.A. Liverpool: Edward 

Howell. 1877. 
[Nature, XVII., 121.] 



464 ANNUAL RECORD OF SCIENCE AND INDUSTRY. 

Whetham (J. W.Boddam). Across Central America, By J. W. 
Boddam Whetham. London: Hurst & Blackett. 1877. 

[Nature, XVI., 339.] 

Green (F. M.). Report on the Telegraphic Determination of Differ- 
ences of Longitude in the West Indies and Central America. By Lieut.- 
Commander F. M. Green, U.S. Navy. Washington: Government Printing- 
office. 1877. 

[Popular (The) Science Monthly, XII., 244, 245.] 



ALPHABETICAL INDEX. 

Abbe, Prof. a ea 53, S5. 
Abbott, Dr. , 234 
Aconite, riknioids of, 144, 
Acoustics, 99. 
Actias luna, 321. 
Adams, Prof. J. C., 20. 
Africa, 200, 202. 

archeology of, 262. 
ethnology of, 267. 

Agassiz, Prof. Alexander, 1S4, 300. 
Agriculture, 349. 

and forestry, 88. 
Agricultural experiment stations, 349, 
Air, constitution of, 69. 

contaminated by artificial illumina- 
tion, 149. 

motion in organ-pipes, 101. 
Airy, Prof. Sir George, 10, 14, 24, 61. 
Aitchison, Dr., 343. 
Alaska Commercial Company, 227. 

exploration of, 278. 
natural history of, 226. 

Albert Lake, 203. 
Alcoholometry, improved method of, 149, 
Alexander, Prof., 24. 
Algee, 331. 
Algerian inland sea, 391. 
Alkali-earth metais, 136. 

nitrites, preparation of, 154, 
Alkaloids in aconite, 144. 
Allegheny Observatory, Pa., 38. 
Allen, Prof. O. D., 155, 159. 

J.A., 276, 278, 
Almendinger, Miss, 336. 
Aluminum nitride, 137. 
Alvergniat, 108. 
Amagat, 94. 
Amazon ants, 312. 
America, philology of, 268. 
American Academy, proceedings of, 333. 

botanical publications, 333. 
family of fish, a new, 293. 
researches in mineralogy, 154. 
Journal of ] Microscopy, : 939, 

Analyses of guano, 367. 
Anatomy and physiology, 2S1. 

vegetable, 326. 
Anderson, Dr. C. L., 335. 
André, Director, 32, 119. 

Edouard, 192, 
R., 196. 

Andrews, Dr., 106, 
Angot, 32. 
Angstrom, 114, 
Animal waste as food, 379. 
Animals and their surroundings, 279. 
Annalen der Hydrographie, 188. 
Anthony, 122, 415. 
Anthropology, BoD 
Anthropological Association, German, 261, 

‘G2 

Antigeny, 280. 
Antolik, K., 77. 
Ants, observations on, 311, 
Apes and Prosimians, ‘298, 
Aphides, 320. 
Apjohn, Richard, 415. 
Apparatus for illustrating mechanics, 92, 
Apps, 124. 
Archeological exhibition, Moscow, 261. 
Archeology, 256. 

North America, 256. 
Archer, 301. 
Archibald, 84. 
Arctic climate, ancient, 178. 

colony, 64. 
expedition, English, 191. 
regions, 195. 
regions, Tertiary formation of, 177. 

Ar dennes, rocks of the, 169, 
Argelander, 9. 
Armsby, H. P., 356. 
Army Sienal-oftice, 57, 61. 

worm, 309. 
Artamanow, Colonel, 196. 
Artichoke, Jerusalem, 33S, 
Ascidians, deep-sea, 303. 
Ashburner, 230. 
Ashe, Commander E. D., 48, 
Asia, 198. 

archeology of, 262, 
ethnology of, 267. 
philology of, 270. 

Asparagus beetle, viviparous? 319. 
Astronomical bibliogr aphy, 34, 

clock, 93. 
Monthly, by Christie, 35. 

Astronomie Pratique, 32, 
Astronomy, 1. 
Astrophy sikalisches Institut, 31. 
Atlantic continent, an ancient, 179, 
Atmosphere, the, 57. 
Atomic heats, 131]. 
Atwater, Prof. W. O., 349. 
Aurin, red, or peonin, 143. 
Aurora, memoir on, $4. 
Ausfeld’s planimeter, 67. 
Austin, C. F., 335. " 
Australia, 204. 

climate of South, 59, 86. 
survey of the shore ‘of, 186. 

Avifauna of Madagascar, 296. 
Aw ards at the Paris Exposition, 405. 
Awers, 3 
Axe ndrehung der Erde, 74. 
Aymonueft, 107. 
Ayrton and Perry, 124. 

B. 

Babington, Prof., 344. 
Bacteria, 241, 244, 246, 332. 



466 

Baedeker in Leipzig, 197. 
Baer’s law, 75. / 
Baeyer, 142. 
Bailey, W. W., 335. 
Baily, 119. 
Bain, Alexander, 415. 
Baird, Prof. S. F., 38, 276. 
Baker, J. G., 325, 328. 

Sir Samuel, 392. 
Ballart and Comstock, 352. 
Balloons for observation, 6S. 

to determine air currents, 58. 
Baltic Sea to be surveyed, 187. 
Banian tree, roots of the, 337. 
Barat, 126. 
Barbot-de-Marny, Prof. N. P., 415. 
Barcena, Senor, 61. 
Barff, Prof., 403. 
Barker, Prof. George F., 91, 131. 
Barnard, General J G., 53. 
Barometer, improved, 99. 
Barraud and Lund, 27. 
Barrett, 102. 
Barrois, 301. 
Barth, Baron, 415. 
Barthélemy, 315. 
Bary, De, and Strasburger, Profs., 332. 

Dr. Erwin Von, 203, 415, 
Prof. De, 326. 

Bastian, Dr., 243. 
Batalin, 328. 
Baudrimont, 148. 
Bauernfeind, 88. 
Bauke, Dr. Hermann, 330. 
Bausch and Lomb, 239. 
Bavaria and Baden, 196, 
Baxendell, 127. 
Bebber, Dr. Von, 78. 
Bechler, 208. 
Beck, R. and J., 239. 
Beckerhinn, 104. 
Becquerel, 113. 

at Paris, 53. 
Henry, 120. 

Beebe, W., 46. 
Bees and wasps, habits of, 311. 

flight of, 313. 
Beetle, a blind, 319. 
Beet-root molasses, residue of, 142. 

sugar making, 373. 
Bela-Szechenyi, Count, 197. 
Belcher, Sir Edward, 415. 
Bell, Jeffrey, 244. 

Prof. Graham, 398. 
Bell’s telephone for observation, 68. 
Bellynek, the Abbé, 415. 
Belt, 180, 252. 
Benomi, Dr. Carl, 74. 
Benzene in coal-gas, 146. 
Benzoic aldehyde, 143 
Bergenstamm and Low, 320. 
Berggren, Dr., 328. 
Berlin, 230. 

Geographical Society, 203, 205. 
Hydrographic Office, 63. 

Bermuda, researches in, 228. 
Bert, Dr., 89. 
Berthelot, 126, 131, 133, 134, 142, 146, 148, 

361. 
Bertrand, 124. 
Bessels, Dr. Emil, 56, 65, 195, 247. 
Bessemer steel, 409. 
Bessey, Prof. C. E., 336. 
Beute, 141. 

INDEX. 

Bezold, 116, 119. 
Bibliography, astronomical, 34, 
Bicknell, Edward, 415. 
Biklé, Prof. Phil. M., 43. 
Billin, 230. 
Billwiller, Mr., 87. 
Birds, 296. 
Bischof, 148, 150. 
Bischoffsheim, R., 32. 
Blanford, 57, S6. 
Blasius, Dr., $1. 
Blast-furnaces, Oct. 1, 1ST7, 406. 
Blood-corpuscles measured, 240, 
Blythe, W., 241. 
Bobretzky, 323. 
Boé, 8. 
Boehm, 364, 365, 
Bogen, of Chili, 106. 
Boisbaudran, 114, 138. 
Bolivia, 193, 
Boll, 117. 
Boll-worm, 309. 
Bolton, Prof. H. Carrington, 156. 
Bonaparte, Charles, 284. 
Borelly, of Marseilles, 25. 
Boron, investigation of, 134. 
Boss, Prof. Lewis, 11, 36. 
Botanical chairs, changes in, 332. 
Botanische Zeitung, 326, 329, 331, 337, 
Botany, 248, 325. 
Bottinger, 135. 
Bougarel, 144. 
Bourgau, E., 415. 
Boussingault, 145, 360, 364, 
Boutmy and Fancher, 147, 
Bowditch, F. C., 212. 
Bowerbank, J. Scott, 415. 
Bowers, Rev. Stephen, 227. 
Boyle’s law, 97. 
Branchiostoma, 287. 
Brandt, E., 320. 
Bransford, Dr. J. F., 228. 
Brault, on the winds of the Atlantic, 57. 
Brault’s Circulation Atmosphérique, 73. 
Braun, Dr. Alexander, 324, 325, 328, 415. 
Brazil, 193. 
Bredichin, 26. 
Brefeld’s Basidiomycetes, 329. 
Breitenlohner and Harlacher, 354. 
Bremiker, Dr. C., 415. 
Brendel, Dr. Frederic, 336. 
Brereton, 338. 
Brett, 18. 
Briancon manna, 142. 
Bricks from slag, 401. 
Briosi, Prof. Giovanni, 251. 
British Hydrographic Office, 186. 

Museum, catalogue of the birds in, 
296. 

Brito de Capello, 73. 
Britton, Mr. Bashley, 401. 
Broadhead, Prof. G. C., 156. 
Broca, 255. 
Brooks, Dr. W. K., 283, 2S4. 

Lewis, 416. 
Bross, Governor, 264. 
Broughter, Dr. J. F., 318. 
Broun, 72, 76, 238. 
Brown-Goode, G., 228. 
Bruhns, 106. 
Brunner and Brandenburg, 142. 
Buchan, 73, 76. 
Buckland, F., 248. 
Buckwheat straw, 372. 



INDEX. 467 

Buff and Berger, 30. Chemistry, 131. Buff, Dr., 66, 69. Gueansents Bay, 222. 
Bunsen lamp, theory of, 132, 
Bureau and Poisson, 345. 
Burner for sensitive flame, 101, 
Burnham, 8S. W., 6, 8, 43. 
Burrill, T. J., 336. 
Bussey Institution, 351. 
Butlerow, 120. 
Biitschli, O., 300, 301, 311, 
Buys-Ballot, 72, 73, 76. 

C. 
Calcite, 154. 
Caloptenus spretus, 225. 
Calycanthus, fluorescence of, 340. 
Cambier, Captain, 202. 
Cambridge, Rev. O. P., 315. 
Camel, the wild, 297. 
Campbell, F., 113, 178. 
Canal across the isthmus, 382. 

in the Mississippi, 385. 
interocéanique, 192. 

Candles recovered from the sea, 147. 
Candolle, De, 338. 
Canstall, Oscar, 193. 
Caoutchouc, solubility of, 148. 
Cape observations, 33. 
Capillary action, experiments on, 96. 
Carbon disulphide antiseptic, 136. 

of plants, source of, 364. 
Carbons for electric light, 127. 
Carboniferous rocks in Kentucky, 174. 
Carib race, 227. 
Caribbean sponges, new, 302. 
Carll and Chance, 230. 
Carpenter, Dr. P. P., 416. 

Dr. W. B., 277,300, 304. 
Carpmael, 64. 
Carr, Lucien, 263. 
Carter, 301. 
Cartier, 324. 
Cartography at the Centennial Exposition, 

191 
Caspari, O., 269. 
Cassinite, analysis of, 155. 
Caswell, J. H., 156. 
Catfish, 291. 
Cave fauna, a new, 309. 
Cayley and Adams, Profs., 24. 
Cazeneuve, 146. 
Cazin, Prof., 416. 
Celler, 192. 
Celoria, 14. 
Celsius, 54. 
Centennial Exposition, cartography at, 

191. 
Central Africa, civilization, etc., of, 202. 

Enrope, the loess of, 180, 
Centrarchide, new, 293. 
Ceratodontids, 290. 
Cerf, Mademoiselle Henrietta, 416. 
Cesati, 328. 
Chambers, Ch., 55. 

of Bombay, 86. 
\igilnetie 

Champlain, 339. 
Chance, 230. 
Chandler, S. C., 5, 21. 
Chapman, 17. 
Charcoal for gunpowder, 344. 
Chart of deep basins in the ocean, 190. 
Charts for Navigators, new, 183. 
Cheese-mite, 315. 

Chester, Prof. A. H., 156. 
Cheyne, C. H., 416, 
Chikolef, 128. 
Chili, climate of, 85. 

expedition to, 16. 
Chimera plumbea, 290, 
China, work on, 200. 
Chinese railroad, 394, 

Tartary, 198. 
Chittagong, 341. 
Chloride of potassium, 370. 
Christie, 5, 35. 
Chun, Dr. C., 283. 
Church, Prof., 144, 160, 

J. 217. 
Cienkowsky, 246. 
Cincinnati anticlinal, geology of, 173. 

eens Mount Lookout, 
+; to. 

Circular to the American observatories, 
35, 36. 

Clark, Alvan, and Sons, 28. 
telescope of, 20, 

W., 119. 
Cleyden and Heycock, 114. 
Climate and geology, 89. 

hygiene, 88. 
Climatology, S5. 
Clocks, regulation of, 27. 
Cloéz, 145. 
Clouds, etc., 77. 
Clove-furnace, Greenwood, 402, 
Coal-trade of 1877, 413. 
Coast Pilot, 224. 

Survey, U.S., 184, 222. 
Cobra poison, 241. 
Cochineal insect, 320. 
Coefiicients of expansion, 103. 
Coffin, J. W., 73. 
Coggia, 25. 
Coghlan, Lieutenant, 186. 
Cohen, Dr., 254. 
Cohn, 241, 248, 328, 330. 
Cohne, 133. 
Coleus verschaffeltii, red color in, 144. 
Colin, Prof., 244. 
Collins, 158, 159. 
Color and locality, 279. 

blindness, 116. 
mixture, laws of, 119. 
subjective, 116. 

Colors, comparing, 116. 
Colombia and Ecuador, 192, 
Columbite of North Carolina, 155, 
Comatula star-fish, 304. 
Comets, 25. 
Commercial sponges, 301. 
Compiégne, Marquis de, 416. 
Composition of plants, 372. 
Compressibility of liquids, 94. 
Compression, law of gaseous, 96. 
Comstock lode, 217. 
Congo and Lualaba rivers, 191, 200. 
Conkling, A. R., 217. 
Conrad, Timothy Abbott, 416. 
Consumption, influence of climate on, 89. 
Continho, Dr., 344. 
Convection currents, 105. 
Cooke, M. C., 134, 329, 334. 
Cope, Prof., 275, 276, 277, 293. 

| Copeland, 5. 



468 INDEX. 

Copper in the blood of deer, 145, Demography, 268. 
sulphide, action of, 139. Denison, of Colorado, 89. 
test for, 138, Denmark, Bacteria of, 242. 

Coquillion, 147, 150. Depths of the ocean, 190. 
Cora’s Cosmos, 205. Des Cloizeaux, 153, 155, 160. 
Corne, 132. Desains, 109. 
Cornelissen, 73. Descent, theory of, 310. 
Cornu, 5, 328. Deschanel’s philosophy, 75. 
Costa Rica, 192. Deshaies, Alfred, 417. 
Coues, Dr. E., 276. Detmer, 355. 
Coumarin, syuthesis of, 142. Deville, H. Sainte-Claire, 92, 140. 
Cracow, Meteorology of, 87. Charles Sainte-Claire, 417. 
Crayfish, development of, 323. Dictionnaire de Géographie, 191. 
Credner, Prof. Heinrich, 416. Digestion of foods, 377, 378. 
Cremation, report on, 147. Dimorphism, 280, 345. 
Crespel, Captain, 202. Dipicrylamine, or aurantia, 143. 
Cresti, 13S. Dispersion of light, 113. 
Crisp, 237. Dixon, E. M., 360. 
Croll, 5, 180. Doberck, 7. 
Crombie, 330. Dohrn, Dr. Anton, 285. 
Crookes, 108. Donhoff, 313. 
Crookes’s force, 109. Doolittle, Prof. C. L., 50. 
Cross, George, 416. Dorpat observations, 59, 
Cross-fertilization, 327. Dorst, Dr., 188. 
Crouch, 239. Dove, 74, S6. 
Crova, 70, 107. Double stars, 6, 7. 
Crowther, Bishop, 202. Draper, Dr. Henry, 1, 11, 26, 46, 114. 
Crustaceans, 306. Draper’s (Dr. H.) observatory, Hastings- 
Cryptogams, 328. on-Hudson, 46. 
Crystalloid on colloid, 105. Dreyer, Dr.; 2. 
Culture, 270. Drink from prickly pear, 342. 
Culturgeschichte, Von Hellwald’s, 273. Drude, Dr. O., 326, 337. 
Custer, General, 219. Drummond, James, 417. 
Cygnus, new star in, 5. Dubiago, 8. 
Cyperus esculentus, 342. Duboscq, 115. 
Czerny, 89. Dudley, W. R., 337. 

D. Observatory, Albany, 36. 
Dujardin, 321. 

D'Albertis, Signor, 205. Dulong and Petit, 109. 
Dale and Schorlemmer, 143. Du Moncel, 121. 
Dall, W. H., 226, 228, 256, 278, 283, 320. Dumortier, Eugene, 328, 417. 
Dallinger, Rev. W. H., 237, 244. Duncan, Prof. P. M., 300. 

and Drysdale, 300. Dunér, of Lund, 7, 26. 
Dallman, Captain, 189. Dunker, 176. 
Damoiseau’s tables, 20. Dunn, Mr., 417. 
Dana, Dr. Edward §., 151. Dupuy process, 395. 

J. D., 169. Dutton, Captain, 215. 
Dana’s text-book, 152. Duvillier, 140. 
Darby, Prof. John, 416. Dyer, Prof., 343. 
D’ Arrest, 1. 
D’Arrest’s comet, 25. E. 
Darwin, F., 249, 252, 327, 328, 345. Eads, Captain, 383. 
Daubrée, M., 160, 162, 163. Earth-currents, 55. 
Davis, Captain J. E., 416. internal condition of, 53. 

Lieut.-Commander C. H., 28, internal temperature of, 53. 
Rear-Admiral, 195, 416. Earth’s axis, displacement of the, 178. 

Dawson, G. M., 168. Earthquakes, 54. 
J. W., 178, 305. East River Bridge, 384, 

De Genonilly, Admiral, 73. Eastman, Prof., 17. 
De la Cour, 62. Eaton, Prof. D. C., 334. 
De la Grye, 96. Ebner, 240. 
De la Provostaye, 109. Eccles, 138. 
De Notaris, Giuseppe, 417. Echinoderms, 304, 
De Romilly, 96, 97. Ecker, Dr. A., 264. 
De Waha, 112. Eclipses computed, ancient, 14. 
Dearborn Observatory, Chicago, IIl1., 42. Ecuador and Colombia, 192. 
Debray, 140. Edgecomb, D. W.., 45. 
Decharme, 101. at Hartford, 19. 
Deer’s antlers, 297, Edgeworth, Packenham, 250. 
Dehérain and Vesque, 364, Edison, Mr. T. A., 123, 399. 
Deichmiller, 15. Edmunds, Dr. James, 240. 
Delafontaine, Prof., 155. Edwards, W. H., 30S, 322. 
Dembowski, 7. Eel, electric, 277. 
Demodex folliculorum, 314. Egerton, Commander, 186. 



x 

INDEX. 

Egoroff, 115. 
Ehrenberg, tribute to, 253. 
Ehrenberg’s publications, 253, 254, 
Eichwald, Prof. Von, 417. 
Eider-down, vegetable, 344, 
Elassoma zonata, 293. 
Elbers, Mr. Alexander, 402. 
Electric convection currents, 121. 

dust figures, 125. 
lamp, a new form of, 128. 
light, 127. 
lighting, 399. 
multiplier, 122, 
spark, 124. 

Electrical phenomena, 84, 
Electricity, 120. 
Electro-actinometer, 115. 

thermometer, 53. 
Electrolysis, 124. 
Electromotors, 121. 
Electroplating, new, 404, 
Ellery, 2. 
Elliott, J., 82. 

H. W., 226. 
Ellis, J. B., 334. 
Embomma on the Congo, 201. 
Emerton, 335. 
Engelmann, Dr. George, 333. 
Engineering, 381. ~ 
English Arctic Expedition, 191. 

missionary stations in Africa, 
201. 

Entomological commission, 224. 
Entomologists, commission of, 275. 
Eozoic rocks of the Blue Ridge, 172. 

west of the Missouri, 171. 
Ephesus, discoveries at, 262. 
Equatorial calm-belt, 73. 
Equinox in 1865, 13. 
Erismann, 149. 
Erman, Prof. George A., 417, 
Ertborn, of Antwerp, 18. 
Erythrophyll, 144. 
Eskimos, migrations of the, 265. 
Espy, 76. 
Estheria californica, 307. 
Etard, 134. 
Etheostomids, 292. 
Ethnography, 265. 
Ethnology, 263. 
Europe, 196. 

archeology of, 259. 
and Asia in the glacial period, 

180. 
ethnology of, 266. 
living and fossil oaks of, 339, 
philology of, 269. 
storm predictions in, 62. 

Everett, Prof., 75. 
Evolution, 283. 
Expedition, north-polar, 235. 
Explorations and researches, 275. 

private, 233. 

F. 
Fairley, 133. 
Family, the, 271. 
Farlow, Prof. W. G., 325, 334. 
Farsky at Tabor, 69. 
Fat of the animal body, 374. 
Fauth and Co., 30. 
Fautrat, 88, 352. 
Fawcett, 103. 
Faxon, Walter, 278, 307. 

469 

Tearnley, 6. 
Feeding experiments, 377. 
Feilden, Captain, 290, 
Feldspars, optical examination of, 153, 
Fellows, 230. 
Ferment, a natural, 145. 
Fermentation of fish-guano, 368, 
Fernandez, Prof., 159, 161. 
Ferns and mosses, 328, 
Fern-spores, 345, 
Ferrari, 7. 
Ferrel, 57, 74, 75. 
Ferrel’s isobars, 68. 
Fertilization, 327. 

of Gentiana Andrewsii, 348. 
Fertilizers, 366, 367. 
Field, 160. 
Fiji group, climate of, 85. 

survey of, 186, 
Filaria heematica, 24S. 
Finger, 75. 
Finsch, Dr., 189. 
Fire-damp and air, 147. 

to detect amount of, 150, 
Fischer, Prof., 329. 
Fish, the northernmost, 290, 

commission, 226. 
Fish-scrap, 368. 

as food, 379. 
Fishes of the United States, 289, 
Fitzgerald, 127. 
Flame sensitive to sound, 102. 
Flammarion, 8. 
Fleas, educated, 320. 
Flégel, 79. 
Flooding of the Sahara, 392. 
Flora Brasiliensis, 325. 
Fluorescein instead of litmus, 143. 
Fluorescence of calycanthus, 340. 
Fodder, corn, 372. 

effect upon milk production, 375, 
Foetterle, Dr. Franz, 417. 
Fonvielle and Secretan, 58. 
Foraminifera, 247. 
Forbes, 76. 

S. A., 307. 
Force equivalent to vis, 91. 
Forel, Dr., 56, 316. 
Foreman, Dr., 263. 
Forrest, Alexander, 204. 
Forests and rainfall, 352, 
Forster, 31. 
Fossil floras, 177. 
Foster, Oswald, 53. 
Four-meter standard, 91. 
Fourcroya, rapid growth of, 339, 
Fourier, 70. 
Fox, Robert Were, 417. 
Fraas, 366. 
Frankland, 97. 

on water analysis, 133. 
Franklin portrait experiment, 126, 
Franks, Dr., 328. 
Frantzius, Dr. Alex. von, 417. 
Frazer, Prof. , 152, 230. 
Freeman, 70. 2 
Freezing mixture on the radiometer, 

110. 
Frémy and Clémandot, 403. 

Dehé¢rain, 366. 
French Meteorological Association, 60. 

Ministry of Marine, 187. 
Frey, 136. 
Friction and velocity, 93. 



470 

Friedel] and Crafts, 140. 
Fries, 329. 
Fritsch, K., 79. 
Fritsche, 86. 
Fritz, Prof., 79. 
Frdlich, 66. 
Frost, effect of, et chlorophyl granules, 

41, 
on evergreen leaves, 341. 

Fuchsin in wine, detection of, 148. 
Fuller, 122. 
Fungi, 329. 
Furnaces compared, 396. 

G. 

Gabb, Prof. W. M., 192. 
Galilee, Sea of, 197. 

_ Galle on Neptune, 22. 
Gall-flies, two-winged, 320, 
Gallium, crystallized, 13s. 

spectrum of, 114. 
Galton, Francis, 268. 
Galvanic polarization, 124. 
Gammarus puteanus, 307. 
Ganin, 309. 
Garbe, 109. 
Gardner, J. T., 228. 
Gariel, 113. 
Garman, 278. 
Garnets (New Haven, Conn.), 156. 
Garnett, 106. 
Garrod, A. H., 297. 
Gas of London, 146. 

wells of Pennsylvania, 147. 
Gases, determining the density of, 132. 

in meteorites, 135. 
refractive power of, 112. 

Gassiot, J. P., 417. 
Gatch and Pourquier, 248. 
Gaudin and Gramme, 127. 
Gelatin in water from the soil, 133. 
Geleznow, 327. 
Generation, spontaneous, 244. 
Genth, Dr. F. A., 152, 155, 158, 160. 
Geutiana Andrewsii, fertilization of, 348. 
Geographical Society, 193, 194, 196, 198, 

201. 
Geography, 191, 206. 
Geology, 165. 

agricultural, 353. 
of Pennsylvania, 231. 

Georg-Marien Hitte, 401, 402. 
Gerard, W. R., 334. 
German coast, sailing directions for, 188. 

Hydrographic Office, 187. 
potash salts, 365, 369. 

Germany, chart of railroads in, 196. 
Gernez, 104. 
Gessi, 203. 
Gibbon, Lieutenant, 193. 
Gibbs; George, 262, 269. 
Gilbert, Dr. J. H., 358, 362, 375. 

G. K., 53, 215. 
Gildemeister, Dr., 264. 
Gile, E., 204. 
Gil], David, 2, 15, 16. 

Prof. Theodore, 275, 276, 291, 297. 
Gilliss, 2, 16. 
Gillman, Henry, 234. 
Glacial phenomena around Lake Ontario, 

81. 
in Labrador, 181. 
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Henshaw, H. W., 218, 276, 
Hepaticie, 328. 
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Minot, C.S., 303. 
Mississippi jetties, 3 383. 

River, sarees of, 220, 
| Mitchell, Miss M., 

sens ations of, 7, 
Mites, 314. 

under the i 316. 
Mocquérys, a 320, 
Moebius, Dr., 

| Moeckern Scion, 349, 375. 



474 INDEX. 

Mohl, Von, 326. 
Mohn, Prof., 56, 188. 
Mohr, Dr., 176, 419. 
Moll, 364. 
Mollusks, 305. 
Monads and Ameb», 246. 
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Nuts, punched or pressed, 402. 
Nylander and Arnold, 330. 
Nymphea, new species of, 326. 
Nymphalide and Papilionide, 279. 
Nyrén of Pulkova, 13. 

O. 

Oaks of Europe, 339. 
Ober, Frederick A., 297. 
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Osborne, Rév. S. G., 239. 
Oscillograph, the, 57. 
Osten-Sacken, Baron Von, 309. 
Otheoscope a form of radiometer, 110. 
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*HAYDN’S DICTIONARY OF DATES, relating to all Ages and Na- 
tions. For Universal Reference. Edited by Bensamin Vincent, As- 
sistant Secretary and Keeper of the Library of the Royal Institution of 
Great Britain; and Revised for the Use of American Readers. 8vo, 
Cloth, $3 50; Sheep, $3 94. 

HILDRETH’S UNITED STATES. History of the United States. 
First Series: From the Discovery of the Continent to the Organiza- 
tion of the Government under the Federal Constitution. Srconp Sr- 
ries: From the Adoption of the: Federal Constitution to the End of 
the Sixteenth Congress. By Ricuarp Hitpretu. 6 vols., 8vo, Cloth, 
$18 00; Sheep, $21 00; Half Calf, $31 50. 

HUME’S HISTORY OF ENGLAND. The History of England, from 
the Invasion of Julius Cesar to the Abdication of James If., 1688. By 
Davip Hume. 6 vols., 12mo, Cloth, $4 80; Sheep, $7 20; Half Calf, 
$15 30. 

HUDSON’S HISTORY OF JOURNALISM. Journalism in the United 
States, from 1690 to 1872. By Frepreric Hupson. 8yo, Cloth, $5 00; 
Half Calf, $7 25. 

JEFFERSON’S DOMESTIC LIFE. The Domestic Life of Thomas 
Jefferson: compiled from Family Letters and Reminiscences, by his 
Great-granddaughter, SaraAH N. Ranpoxtpu. Illustrated. Crown 8vo, 
Cloth, $2 50. 

JOHNSON’S COMPLETE WORKS. The Works of Samuel Johnson, 
LL.D. With an Essay on his Life and Genius, by ARTHurR Murpny, 
Esq. 2 vols., 8vo, Cloth, $4 00; Sheep, $5 00; Half Calf, $8 50. 

KINGLAKE’S CRIMEAN WAR. The Invasion of the Crimea: its 
Origin, and an Account of its Progress down to the Death of Lord Rag- 
lan. By ALEXANDER W1Li1AM KinGrake. With Maps and Plans. 
Three Volumes now ready. 12mo, Cloth, $2 00 per vol.; Half Calf, 
$3 75 per vol. 

LAMB’S COMPLETE WORKS. The Works of Charles Lamb. Com- 
prising his Letters, Poems, Essays of Elia, Essays upon Shakspeare, 
Hogarth, &c., and a Sketch of his Life, with the Final Memorials, by 
T. Noon Tatrourp. With Portrait. 2 vols., 12mo, Cloth, $3 00; 
Half Calf, $6 50. 

LAWRENCE’S HISTORICAL STUDIES. Historical Studies. By 
Eucene Lawrence. Containing the following Essays: The Bishops 
of Rome.—Leo and Luther.—Loyola and the Jesuits. —Ecumenical 
Councils. —The Vaudois. —The Huguenots.—The Church of Jerusalem. 
—Dominic and the Inquisition. —The Conquest of Ireland.—The Greek 
Church. 8vo, Cloth, uncut edges and gilt tops, $3 00. 

MYERS’S REMAINS OF LOST EMPIRES. Remains of Lost Em- 
pires: Sketches of the Ruins of Palmyra, Nineveh, Babylon, and Per- 
sepolis, with some Notes on India and the Cashmerian Himalayas. By 
P. V. N. Myers. Illustrated. 8vo, Cloth, $3 50. 
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LOSSING’S FIELD-BOOK OF THE REVOLUTION. _ Pictorial 
Field-Book of the Revolution: or, Illustrations by Pen and Pencil of 
the History, Biography, Scenery, Relics, and ‘Traditions of the War for 
Independence. By Benson J. Lossinc. 2 yols., 8vo, Cloth, $14 00; 
Sheep or Roan, $15 00; Half Calf, $18 00. 

LOSSING’S FIELD-BOOK OF THE WAR OF 1812. | Pictorial 
Field-Book of the War of 1812: or, Illustrations by Pen and Pencil of 
the History, Biography, Scenery, Relics, and ‘Traditions of the last War 
‘for American Independence. By Benson J. Lossinc. With several 
hundred Engravings on Wood by Lossing and Barritt, chiefly from 
Original Sketches by the Author. 1088 pages, 8vo, Cloth, $7 00; 
Sheep or Roan, $8 50; Half Calf, $10 00. 

MACAULAY’S HISTORY OF ENGLAND. The History of England 
from the Accession of James II. By Tuomas Basrncton MACAULay. 
5 vols., 8vo, Cloth, $10 00; Sheep, $12 50; Half Calf, $21 25; 12mo, 
Cloth, $4 00; Sheep, $6 00; Haif Calf, $12 75. 

MACAULAY’S LIFE AND LETTERS. The Life and Letters of Lord 
Macaulay. By his Nephew, G. Orro TrEvetyan, M.P. With Por- 
trait on Steel. Complete in 2 vols., 8vo, Cloth, uncut edges and gilt 
tops, $5 00; Sheep, $6 00; Half Calf, $9 50. Popular Edition, 2 
vols. in one, 12mo, Cloth, $1 75. 

FORSTER’S LIFE OF DEAN SWIFT. The Early Life of Jonathan 
Swift (1667-1711). By Joun Forster. With Portrait. 8yvo, Cloth, 
$2 50. 

*GREEN’S SHORT HISTORY OF THE ENGLISH PEOPLE. A 
Short History of the English People. By J. R. Green, M.A., Exam- 
iner in the School of Modern History, Oxford. With Tables and Col- 
ored Maps. 8vo, Cloth, $1 52. 

HALLAM’S MIDDLE AGES. View of the State of Europe during 

the Middle Ages. By Henry Hatram. 8vo, Cloth, $2 00; Sheep, 

$2 50; Half Calf, $4 25. 

HALLAM’S CONSTITUTIONAL HISTORY OF ENGLAND. The 

Constitutional History of England, from the Accession of Henry. VII. 

to the Death of George II. By Henry Harram. 8yo, Cloth, $2 00; 

Sheep, $2 50; Half Calf, $4 25. 

HALLAM’S LITERATURE. Introduction to the Literature of Europe 

during the Fifteenth, Sixteenth, and Seventeenth Centuries. By Hen- 

ry Hatuam. 2 vols., 8vo, Cloth, $4 00; Sheep, $5 00; Half Calf, 

$8 50. 

SCHWEINFURTH’S HEART OF AFRICA. The Heart of Africa. 

Three Years’ Travels and Adventures in the Unexplored Regions of the 

Centre of Africa. From 1868 to 1871. By Dr. Geora ScHWEIN- 

rurTH. ‘Translated by Etten E. Frewer. With an Introduction by 

Wixwoop Reape. Illustrated by about 130 Woodcuts from Drawings 

made by the Author, and with two Maps. 2 vols., 8vo, Cloth, $8 00. 
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M‘CLINTOCK & STRONG’S CYCLOPAEDIA. Cyclopedia of Bib- 
lical, Theological, and Ecclesiastical Literature. Prepared by the Rey. 
Jouxn M‘Curxtock, D.D., and James Srrone, S.7.D. 7 vols. now 
ready. Royal 8vo. Price per vol., Cloth, $5 00; Sheep, $6 00; 
Half Morocco, $8 00. 

MOHAMMED AND MOHAMMEDANISM: Lectures Delivered at 
~the Royal Institution of Great Britain in February and March, 1874. 
By R. Boswortu Situ, M.A., Assistant Master in Harrow School ; 
late Fellow of ‘Trinity College, Oxford. With an Appendix containing 
Emanuel Deutsch’s Article on ‘‘Islam.” 12mo, Cloth, $1 50. 

MOSHEIM’S ECCLESIASTICAL HISTORY, Ancient and Modern ; 
in which the Rise, Progress, and Variation of Church Power are con- 
sidered in their Connection with the State of Learning and Philosophy, 
and the Political History of Europe during that Period. ‘Translated, 
with Notes, &c., by A. MaciaInE, D.D. Continued to 1826, by C. 
Cootr, LL.D. 2 vols., 8vo, Cloth, $4 00; Sheep, $5 00; Half Calf, 
$8 50. as 

HARPER'S NEW CLASSICAL LIBRARY. Literal Translations. 

The following Volumes are now ready. 12mo, Cloth, $1 50 each. 

Cmsar. — Vircint. — SALLust. — Horace. — CicEero’s OrATIONS.— 
Cicero's OFrFices, &C.—CICERO ON ORATORY AND ORATORS.— 
Tacitus (2 vols. ).—'TERENCE.— SOPHOCLES. —JUVENAL.—- XENO- 
PHON.—HomeEr’s ILt1ap.—HomeEr’s Opyssry.—HeErRoportus.— DeE- 
MOSTHENES (2 vols. ).—-T'HUCYDIDES.—/EscHYLUS.—EURIPIDES (2 
vols. ).—Livy (2 vols.).—Pxarto [Select Dialogues]. 

LIVINGSTONE’S SOUTH AFRICA. Missionary Travels and Re- 
searches in South Africa: including a Sketch of Sixteen Years’ Resi- 
dence in the Interior of Africa, and a Journey from the Cape of Good 
Hope to Loanda on the West Coast ; thence across the Continent, down 
the River Zambesi, to the Eastern Ocean. By Davip LivinesTone, 
LL.D., D.C.L. With Portrait, Maps, and Illustrations. 8vo, Cloth, 
$4 50; Sheep, $5 00; Half Calf, $6 75. 

LIVINGSTONE’S ZAMBESI. Narrative ofan Expedition to the Zam- 
besi and its Tributaries, and of the Discovery of the Lakes Shirwa and 
Nyassa, 1858-1864. By Davip and Cuarves Livinestone. With 
Map and Illustrations. S8vo, Cloth, $5 00; Sheep, $5 50; Half Calf, 
$7 25. 

LIVINGSTONE’S LAST JOURNALS. The Last Journals of David 
Livingstone, in Central Africa, from 1865 to his Death. Continued by 
a Narrative of his Last Moments and Sufferings, obtained from his 
Faithful Servants Chuma and Susi. By Horace WattrER, F.R.G.S., 
Rector of Twywell, Northampton. With Portrait, Maps, and Illustra- 
tions. 8vo, Cloth, $5 00; Sheep, $5 50; Half Calf, $7 25. Cheap 
Popular Edition, 8vo, Cloth, with Map and Illustrations, $2 50. 

GROTE’S HISTORY OF GREECE. 12 vols., 12mo, Cloth, $18 00; 
Sheep, $22 80; Half Calf, $39 00. 
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RECLUS’S EARTH. The Earth: a Descriptive History of the Phe- 
nomena of the Life of the Globe. By Extsée Recrus. With 234 Maps 
and Illustrations, and 23 Page Maps printed in Colors, 8vo, Cloth $5 00; Half Calf, $7 25. 

RECLUS’S OCEAN. The Ocean, Atmosphere, and Life, Being the 
Second Series of a Descriptive History of the Life of the Globe. By 
Evtske Rectus. Profusely Illustrated with 250 Maps or Figures, and 
27 Maps printed in Colors. 8vo, Cloth, $6 00; Half Calf, $8 25. 

NORDHOFF’S COMMUNISTIC SOCIETIES OF THE UNITED 
STATES. The Communistic Societies of the United States, from Per- 
sonal Visit and Observation ; including Detailed-Accounts of the Econ- 
omists, Zoarites, Shakers, the Amana, Oneida, Bethel, Aurora, Icarian, 
and other existing Societies. With Particulars of their Religious Creeds 
and Practices, their Social Theories and Life, Numbers, Industries, and 
Present Condition. By Cuartes Norpuorr. Illustrations. 8vo, 
Cloth, $4 00. 

NORDHOFF'S CALIFORNIA. California: for Health, Pleasure, and 
Residence. A Book for Travellers and Settlers. Illustrated. 8vo, 
Cloth, $2 50. 

NORDHOFE’S NORTHERN CALIFORNIA, OREGON, AND THE 
SANDWICH ISLANDS. Northern California, Oregon, and the Sand- 
wich Islands. By Cuartes Norpuorr. Illustrated. 8vo, Cloth, 
$2 50. 

PARTON’S CARICATURE. Caricature and Other Comie Art, in All 
Times and Many Lands. By James Parton. With 203 Illustrations. 
8vo, Cloth, Gilt Tops and uncut edges, $5 00. 

*RAWLINSON’S MANUAL OF ANCIENT HISTORY. A Manual 
of Ancient History, from the Earliest 'Times to the Fall of the Western 
Empire. Comprising the History of Chalda, Assyria, Media, Baby- 
lonia, Lydia, Phoenicia, Syria, Judza, Egypt, Carthage, Persia, Greece, 
Macedonia, Parthia, and Rome. By GrEorGE Rawtinson, M.A., 
Camden Professor of Ancient History in the University of Oxford. 
12mo, Cloth, $1 46. 

NICHOLS’S ART EDUCATION. Art Education applied to Industry. 
By Greorce Warp Nicnors, Author of ‘* The Story of the Great 
March.” Illustrated. 8vo, Cloth, $4 00. 

BAKER'S ISMAILIA. Ismailia: a Narrative of the Expedition to Cen- 
tral Africa for the Suppression of the Slave-trade, organized by Ismail, 
Khedive of Egypt. By Sir Samven Wuitre Baker, Pasna, F.R.S., 
F.R.G.S. With Maps, Portraits, and Illustrations. 8yvo, Cloth, $5 00; 
Half Calf, $7 25. 

BOSWELL’S JOHNSON. The Life of Samuel Johnson, LL.D., in- 

cluding a Journal of a Tour to the Hebrides. By James Boswert, 

Esq. Edited by Jonn Witson Croxer, LL.D., F.R.S.. With a Por- 

trait of Boswell. 2 vols., 8vo, Cloth, $4 00; Sheep, $5 00; Half Calf, 

$8 50. 
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VAN-LENNEP’S BIBLE LANDS. Bible Lands: their Modern Cus- 
tems and Manners Illustrative of Scripture. By the Rev. Henry J. 
Van-Lennep, D.D.  Ilustrated with upward of 350 Wood Engravings 
and two Colored Maps. 888 pp., 8vo, Cloth, $5 00; Sheep, $6 00 ; 
Half Morocco, $8 00. 

VINCENT’S LAND OF THE WHITE ELEPHANT. The Land of 
the White Elephant: Sights and Scenes in Southeastern Asia. A Per- 
sonal Narrative of Travel and Adventure in Farther India, embracing 
the Countries of Burma, Siam, Cambodia, and Cochin-China (1871-2). 
By Frank Vincent, Jr. Illustrated with Maps, Plans, and Woodcuts. 
Crown 8vo, Cloth, $3 50. 

SHAKSPEARE. The Dramatic Works of William Shakspeare. With 
Corrections and Notes. Engravings. 6 vols., 12mo, Cloth, $9 00. 2 
vols., 8yo, Cloth, $4 00; Sheep, $5 00. In one vol., 8vo, Sheep, 
$4 00. 

SMILES’S HISTORY OF THE HUGUENOTS. ‘The Huguenots 
their Settlements, Churches, and Industries in England and Ireland. 
By SaMvueEt Smives. With an Appendix relating to the Huguenots in 
America. Crown 8vo, Cloth, $2 00. 

SMILES’S HUGUENOTS AFTER THE REVOCATION. The Hu- 
guenots in France after the Revocation of the Edict of Nantes; with a 
Visit to the Country of the Vaudois. By Samurn Suites. Crown 
8vo, Cloth, $2 00. 

SMILES’S LIFE OF THE STEPHENSONS. The Life of George 
Stephenson, and of his Son, Robert Stephenson; comprising, also, a 
History of the Invention and Introduction of the Railway Locomotive. 
By SamvueEL Sites. With Steel Portraits and numerous Illustrations. 
8vo, Cloth, $3 00. 

SQUIER’S PERU. Peru: Incidents of Travel and Exploration in the 
Land of the Incas. By E. Georce Squier, M.A., F.S.A., late U. 8S. 
Commissioner to Peru, Author of ‘‘ Nicaragua,” ‘‘ Ancient Monuments 
of Mississippi Valley,” &c., &c. With Illustrations. 8vo, Cloth, $5 00. 

STRICKLAND’S (Miss) QUEENS OF SCOTLAND. — Lives of the 
Queens of Scotland and English Princesses connected with the Regal 
Succession of Great Britain. By AGnrs SrrickLanp. 8 vols., 12mo, 
Cloth, $12 00; Half Calf, $26 00. 

THE ‘‘CHALLENGER” EXPEDITION. The Atlantic: an Account 
of the General Results of the Exploring Expedition of H.M.S. ‘* Chal- 
lenger.” By Sir WyvitLe THomson, K.C.B., F.R.S. With numer- 
ous Illustrations, Colored Maps, and Charts, from Drawings by J. J. 
Wyld, engraved by J. D. Cooper, and Portrait of the Author, engraved 
by C. H. Jeens. 2 vols., 8vo. (Jn Press.) 

BOURNE’S LIFE OF JOHN LOCKE. The Life of John Locke. By 
H. R. Fox Bourne. 2 vols., 8vo, Cloth, uncut edges and gilt tops, 
$5 00. 
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ALISON’S HISTORY OF EUROPE. First Serres: From the Com- 
mencement of the French Revolution, in 1789, to the Restoration of 
the Bourbons in 1815. [In addition to the Notes on Chapter LXXVI., 
which correct the errors of the original work concerning the United 
States, a copious Analytical Index has been appended to this American 
Edition.] Srconp Serres: From the Fall of Napoleon, in 1815, to 
the Accession of Louis Napoleon, in 1852. 8 vols., 8vo, Cloth, $16 00; 
Sheep, $20 00; Half Calf, $34 00. 

WALLACE'SS GEOGRAPHICAL DISTRIBUTION OF ANIMALS. 
The Geographical Distribution of Animals. With a Study of the Re- 
lations of Living and Extinct Faunas as Elucidating the Past Changes 
of the Earth’s Surface. By ALrrep Russet Wattace. With Maps 
and Illustrations. In 2 vols., 8vo, Cloth, $10 00. 

WALLACE’S MALAY ARCHIPELAGO. The Malay Archipelago: 
the Land of the Orang-Utan and the Bird of Paradise. A Narrative 
of Travel, 1854-1862. With Studies of Man and Nature. By ALrrep 
Russet Wartiace. With Ten Maps and Fifty-one Elegant Illustra- 
tions. Crown 8vo, Cloth, $2 50. 

GIBBON’S ROME. The History of the Decline and Fall of the Roman 
Empire. By Epwarp Gregson. With Notes by Rev. H. H. Mirman 
and M. Guizor. With Index. 6 vols., 12mo, Cloth, $4 80; Sheep, 
$7 20; Half Calf, $15 30. 

GRIFFIS'S JAPAN. The Mikado’s Empire: Book I. History of Japan, 
from 660 B.C. to 1872 A.D. Book I. Personal Experiences, Observa- 
tions, and Studies in Japan, 1870-1874. By Witui1am ELxior Grir- 
FIs, A.M., late of the Imperial University of Tokio, Japan. Copiously 
Illustrated. 8vo, Cloth, $4 00; Half Calf, $6 25. 

THOMPSON’S PAPACY AND THE CIVIL POWER. The Papacy 
and the Civil Power. By the Hon. R. W. THompson, Secretary of 
the U. S. Navy. Crown 8vo, Cloth, $3 00. 

THE POETS AND POETRY OF SCOTLAND: from the Earliest 
to the Present Time. Comprising Characteristic Selections from the 
Works of the more Noteworthy Scottish Poets, with Biographical and 
Critical Notices. By JAMES Grant Witson. With Portraits on Steel. 
2 volumes, 8vo, Cloth, $10 00; Half Calf, $14 50; Full Morocco, 
$18 00. 

*THE STUDENT'S SERIES. With Maps and Illustrations, 12mo, 
Cloth. 

FraNcE.—GIBBON.—GREECE.—HoumEe.—Rome (by LippELiL).—OLp 
TESTAMENT History.—NeEw TESTAMENT History.—STRICKLAND’'S 

QuEeENsS oF Eneranp (Abridged). —Ancrent History OF THE 
East. — Hattam’s Mippite AGEs. — HALLAM’s CONSTITUTIONAL 
History OF ENGLAND.—LYELL’s ELEMENTS OF GEOLOGY.—MERI. 

VALE’s GENERAL History OF Rome. —Cox’s GENERAL Histor 
or GREECE.—CLassIcaL Dictionary. Price $1 46 per volume. 

Lewis’s History oF GERMANY. Price $1 79. 
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CARLYLE’S FREDERICK THE GREAT. History of Friedrich IT., 
called Frederick the Great. By THomas CartyLe. Portraits, Maps, 
Pre &e. 6 vols., 12mo, Cloth, $12 00; Sheep, $14 40; Half Calf, 
22 50. 

THE REVISION OF THE ENGLISH VERSION OF THE NEW 
TESTAMENT. With an Introduction by the Rev. P. Scuarr, D.D. 
618 pp., Crown 8yvo, Cloth, $3 00. 

This work embraces in one volume: 

I. ON A FRESH REVISION OF THE ENGLISH NEW TES- 
TAMENT. ByJ. B. Licutroor, D.D., Canon of St. Paul's, 
and Hulsean Professor of Divinity, Cambridge. Second Edition, 
Revised. 196 pp. 

II. ON THE AUTHORIZED VERSION OF THE NEW TES- 
TAMENT in Connection with some Recent Proposals for its 
Revision. By RicHarp CurENnEvix Trencu, D.D., Arch- 
bishop of Dublin. 194 pp. 

III. CONSIDERATIONS ON THE REVISION OF THE EN- 
GLISH VERSION OF THE NEW TESTAMENT. By C. 
J. Exxicorr, D.D., Bishop of Gloucester and Bristol. 178 pp. 

ADDISON’S COMPLETE WORKS. The Works of Joseph Addison, 
embracing the whole of the Spectator. 3 vols., 8vo, Cloth, $6 00; 
Sheep, $7 50; Half Calf, $12 75. 

ANNUAL RECORD OF SCIENCE AND INDUSTRY. The Annual 
Record of Science and Industry. Edited by Professor Spencer F. 
Barry, of the Smithsonian Institution, with the Assistance of Eminent 
Men of Science. The Yearly Volumes for 1871, 1872, 1873, 1874, 1875, 
1876 are ready. - 12mo, Cloth, $2 00 per vol. 

BROUGHAM’S AUTOBIOGRAPHY. Life and Times of Henry, Lord 
Brougham. Written by Himself. 3 vols., 12mo, Cloth, $6 00. 

BULWER’S HORACE. The Odes and Epodes of Horace. A Metrical 
Translation into English. With Introduction and Commentaries. By 
Lorp Lytron. With Latin Text from the Editions of Orelli, Mac- 
leane, and Yonge. 12mo, Cloth, $1 75. 

BULWER'S KING ARTHUR. King Arthur. A Poem. By Lorp 
Lytron. 12mo, Cloth, $1 75. 

BULWER’S PROSE WORKS. The Miscellaneous Prose Works of 
Edward Bulwer, Lord Lytton. 2 vols., 12mo, Cloth, $3 50. Also, in 
uniform style, Caxtoniana. 12mo, Cloth, $1 75. 

DAVIS'S CARTHAGE. Carthage and her Remains: being an Account 
of the Excavations and Researches on the Site of the Phoenician Me- 
tropolis in Africa and other Adjacent Places. Conducted under the 
Auspices of Her Majesty’s Government. By Dr. N. Davis, F.R,G.S. 
Profusely Illustrated with Maps, Woodcuts, Chromo-Lithographs, &c. 
8vo, Cloth, $4 00; Half Calf, $6 25. 
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