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In the Senate of the United States,

Felruanj 'S, 1881.

The following resolution ^ras agreed to by the Senate, January 25, 1881, and con-

curred iu by the House of Representatives, February 3, 1881

:

Resolved hy the Senate {the Rouse of Representatives concurring), That fifteen thousand

five hundred and sixty coi>ies of the Report of the Smithsonian Institution for the

year 1880 be printed ; two thousand five hundred copies of which shall be for the use

of the Senate, six thousand and sixty copies for the use of the House of Representa-

tives, and seven thousand copies for the use of the Smithsonian Institution.

Attest

:

JNO. C. BURCH,
Seertiary,



LETTER
FROM THE

SECRETARY OF THE SMITHSONIAN INSTITUTION,

ACCOMPANYING

The annual reiwrt of the Board of Eegcnts of that Institutionfor the year

1880.

January 19, 1881.—Ordered to be printed.

Smithsonian Institution,

Washington, January 19, 1881.

Gentlemen : In behalf of the Board of Eegents, I have the honor

to submit to the Congress of the United States the annual report of the

operations, expenditures, and condition of the Smithsonian Institution

for the year 1880.

1 have the honor to be, very respectfully, your obedient servant,

Spencer F. Baird,
Secretary Smithsonian Institution.

Hon. Wm. a. Wheeler,
President of the United States Senate, and

Hon. S. J. Eandall,
SpeaTier of the Rouse of Rejyresentatives.

m



THE SMITHSONIAN INSTITUTION.

WILLIAM M. EVAKTS, Secveta,^ of sue-

JOHN SHERMAN, Secretory of the Treasury

^SrrxkSS,1e::toryo...eNayy.

EcH^^r=yT=t

EEGENTS OF THE KSTITUTION.

MORRISON R. WAITE, CMef Justice of<^^^^,„^,.

WILLIAM A. WHEELER, Vicc-PresUI^ut ol the Unjtc. Statcs.^^^

HANNIBAL HAMLIN, meml^er t t^ »
-rf the Cuited Stat™.

KEWTON BOOTH, memher of "^« «'"•"
j^ „f t,,. United States.

EOBERT E. WITHERS, -"'''^ °"^
..^^^of Represeutatives.

HIESTER CLYMER, member of *« "ous"
^ .^^tives.

^J^rE^HVIorS^okr^Ter-lf- Souse of Rei.reseutat.es.

JOHN MACLEAN, citiKu of New Jersey.

PCTER PARKER, citi.eu of Washmgtou, D. C.

ASA GRAY, citiMU of Massachusetts

rn^RY COPPEE, citi7.en of PeuusylTama.

wSaSt. SHERMAN, eiti.eu of Wash,ugtou, D. C.

NOAH PORTER, eiti^cu of Oouueet.cut.

M.eaUi.e Committee of tie Board of Regent..

PETER PARKER. JO^IfNMACI^AN^I--« ^
^^^^^^

OFFICBES OF THE INSTITUTION.

P.„THERP0ROB. HAYES, Pres;.^^---^^^^^^^^^

fePb^Cii^tt i^-

National Museum).

WILLIAM J. RHEES, CHief Clerk.

IV



OFFICEES AXD ASSISTANTS OF THE SMITHSONIAN INSTI-

TUTION AND NATIONAL MUSEUM, JANUARY, ISSl.

SMITHSONIAN INSTITUTION.

SPENCER F. BAIRD,
Secretary, Director of the Institution.

WILLIAM J. RHEES, Chief Clerk.

Daniel Leech, Corresponding Clerk.

Assistants and Clerks.

Clakekce B.Young.

H. DlEBlTSCH.

W. W. Karr.

J. A. Turner.

L. Stoerzer.

Henry Gass.

Wm. B. Taylor.

G. H. Boehmeb.
M. E. Griffin.

H. de C. Daingerfield.

S. G. Brown.
J. S. Pollock.

NATIONAL MUSEUM.

SPENCER F. BAIRD, Director.

G. BROWN GOODE, Assistant Director.

ROBT. RIDGWAY, Curator {Ornithohxj})).

CHAS. RAU, Curator {Archaeology).

TARLETON H. BEAN, Curator {Ichthyology).

CHARLES A. WHITE, Curator {Paleontology).

GEORGE W. HAWES, Curator {Mineralogy).

F. AV. TAYLOR, Chemist.

EDAVARD FOREMAN, Assistant {Ethnology).

F. H. GUSHING Assistant {Ethnology).

Henry Horan, Superintendent of Building.

C. W. SCHUERMANN, Assistant.

Albert A. Duly, Engineer.

W. J. Green, Electrician.

Joseph Palmer, Modeller.

A. Z. Shindler, Artist.

T. W. Smillie, Photographer.

Henry Marshall, Taxidermist.

S. C. Brown, Registrar.

E. P. Upham, Clerk {Archceology).

F. R. SCHAEFFER, Copyist.

Joseph Herron, Janitor.



ANNUAL REPORT OF THE SMITHSONIAN INSTITUTION FOR

THE YEAR 1880.

CONTENTS.

1 Annnal report of tlie Secretary, giving an account of the operations

and condition of the Institution for the year 1880, with the statistics of

collections, exchanges, &c. ...,.- i ^fc..;.^^

2 Eeport of the Executive Committee, exhibiting the financial aflaiis

of the Institution, including a statement of the Smithson fund, the re-

ceipts and expenditures for the year 1880, and the estimates for 1881.

3. Proceedings of the Board of Regents for the session of January,

1881 . .,

4 General appendix, comprising a record of recent progress in the

principal departments of science, and special memoirs, original and

selected, of interest to collaborators and correspondents of the Institu-

tion, teachers, and others engaged in the promotion of knowledge.



CONTENTS.

Eesolutioii of Congress to print extra coj)ies of tlio Eeport ii

Letter from the Secretary, submitting the Annual Eeport of the Eegeuts to

Congress iii

Members ex-o£Qcio of the "Establishment," and Eegents of the Institution.... iv

OfBcers and assistants of the Institution, and of the National Museum v
General subjects of the Annual Eeport vi

Contents of the Eeport vii

I.—EEPOET OF THE SECEETAEY.

The Smithsonian Institution 1

Introductory 1

Memorials 2

Statue of Professor Henry 2

Eepresentations of Professor Henry 2
Smithson's effects 3

Smithson's tomb 4

Inaugural reception 4

Finances 5
The Habel bequest 5
Eelations of the Institution to the National Museum G

Buildings 6

Smithsonian building G

Armory building G
Laboratory of Natural History 8

Eoutine worli of the Institution 8

Administration 8
Correspondence 8

Astronomical announcements by telegraph 11

Exchanges 13
International exchanges 13

Government document exchange 16
Distribution 17

Distribution of publications 17
Distribution of specimens 17

Library 18
Additions for the year 18
Special gifts received 19

Eesearches 20
Laboratory work 21
Explorations

, 22
F. H. Gushing—New Mexico 22
F. M. Endlich—West Indies and Demarara 23
Charles Bendire—Arizona, Oregon, &c ^ 23

vu



^^^
CONTENTS.

Page.

EEPORT OF THE SECRETAKY-Coutinued.

Explorations—Continued. 24

T? A ether—West Indies .'*
'

24

LtidS Jordan and Charles H. Gilbert-Pac.hc coast ----•--;;-_;
,,

TarltonH. Bean—Alaska ' 26

W. H. Dall—Alaska 26

H. H. Kusby—NewMesico 26

Howgate arctic expedition
i!.'

.'.*'.'.!! 27

Publications
" 28

Index to Smithsonian pnbhcations....
_^ 2g

Smithsonian Contributions to Knowledge
[',','..''.. 38

Twenty-second volume
__ 29

Palenque tablet, by Dr. C. R^u -.- --•--;;•;;;•*;
;;;;"/. 29

Physiological research: Dr. H.C.Wood, on Fever
^^

Meteorology-tables of

^^^'f^"-
^ '£ Morgan, and L. Fison) 31

Archaeology (G. Latimer, F. A. Uber, 1.. n. li »
^^ 32

Miscellaneous Collections '.'".'*'.'. 32

Sixteenth volume " ' 33

Seventeenth, eighteenth, and nineteenth volumes -•

^^

Memoir of James Smithson, by W. J. Rhees
*;;;;;;;;*. 34

Henry memorial volume - - - -

35

Digest of atomic weights, by G. F. Becker
;;;;;;;;;;;. 36

The Toner lectures :"
'r^'"'I'v v^^v\n^"

'

37

Lecture on sanitary drainage, by George E. Warmg
^

^^

Physical tables, by Professor Gnyot
3g

Bulletins of the National Museum ^^

Proceedings of the National Museum \^""^"... 41

Systematic nomenclature "'"
42

Smithsonian Annual Report 42

Contents of Report for 1878 '""
43

Contents of Report for 1879 44

National Museum 46

Increase of the Museum

1. By localities

—

47

Alaska '/_ 48

California - ]'__* 48

Arizona 48

Kew Mexico 49

Montana - 49

Wyoming Territory 49

Florida 49

Atlantic coast 49

Mexico 50

West Indies '" 50

South America * 50

Eiirope 50

Western Africa

2. By subjects— 51

Ethnological contributions
"''

5^

Mammals 52

Birds ^3

Eeptiles 53

Fishes
'

55

Shells



CONTENTS. IX

Page.

National Museum—Continued.
Increase of the Musenm—Continjied.

Plants 56

Fossils 56

Minerals 5G

Paintings >
5G

Miscellanea 50

Work done in the Museum 57

AVork done on collections 58

Distribution of duplicate specimens 00

Assistants in the Museum 01

Courtesies from foreign museums 01

Ethnological Bureau 02

Eelations of the Institution to other establishments 62

The Government 02

Gallery of Art 03

Polaris expedition 63

Alaska Commercial Company 64

Centennial Commission archives 64

National Academy of Sciences - 65

Paris International Congress and Exposition relative to electricity 05

Eecognition by foreign governments 65

Miscellaneous matters 56

Deaths of employes and collaborators 60

Thomas M. Brewer 66

James W. Milner 67

J. Homer Lane 08

William Q. Force 09

Carl Hermann Berendt 69

Special donations ''O

Loan of books and apparatus 71

Loan of specimens ''1

Kestoration of the Declaration of Independence 72

United States Fish Commission 72

General objects and results 73

Fishery census of 1880 77

Berlin International Fishery Exhibition 80

Appendix to the Report op the Secretary 85

Statistics of exchanges for 1880 85

1. Foreign exchanges in 1880 85

Boxes and parcels received in 1880 85

Boxes sent abroad in 1880 85

Shipping agents of the Institution 86

Agencies for the distribution of exchanges 87

Foreign institutions in correspondence with the Institution 88

2. Domestic exchanges in 1880 88

Packages received from abroad for distribution in the United States

.

88

Packages received for distribution in British America 92

Packages received for individuals 92

3. Government exchanges in 1880 96

List of periodicals received by the Institution 98

Rules for the examination of specimens submitted to the Institution 108

Report of the Chemist, F. W. Taylor 108



X CONTENTS.

Page.

Appendix to the Eeport of the Secretary—Continued.

Additiona to the collections of the National Museum 110

Same received from the Berlin International Fisheries Exhibition 135

Eeport of explorations in New Mexico and Arizona, by James Stevenson. .. 136

Receipts and distribution of specimens 139

The first decade of the United States Fish Commission, by G. B. Goode.... 140

Special Report of the Executive Committee (on the Henry statue) 150

Report of the Executive Committee for the year 1880 158

Condition of the funds 158

Receipts in 1880 - 159

Expenditures in 1880 159

Estimated receipts and expenditures for 1881 161

National Museum, appropriations for, by Congress 161

Journal of Proceedings of the Board of Regents 164

Report of the National Museum Building Commission for 1880 167

Report of the Suj)erintending Architects of the Museum Building 170

II.—GENERAL APPENDIX.

L—Record of recent scientific progress 181

Introduction, by S. F. Baird 181

Astronomy, by E. S. Holden 183

Geology, by G. W. Hawes 221

Physics, by G. F. Barker 235

Chemistry, by G. F. Barker 289

Mineralogy, G. W. Hawes - 299

Botany, by W. G. Faiiow 313

Zoology, by Theodore Gill 331

Anthropology, by O. T. Mason. 391

II.

—

Miscellaneous papers 403

Bibliography of Anthropology, by O. T. Mason 403

Abstracts of Anthropological correspondence 441

Report on the Luray Cavern 449

Discussion of Professor Suell's barometric observations, by F. H. Loud .... 461

Investigation of illuminating materials, by Joseph Henry .•—

.

483

Synopsis of the scientific writings of William Herschel, by E. S. Holden,

and C. S. Hastings 509

Reports of astronomical Observatories 623

Index to the volume 741



REPORT OF PROFESSOR BAIRD,

SECEETAEY OF THE SMITHSONIAN INSTITUTION, FOR 18S0.

To the Board of Regents of the Smithsonian Institution:

Gentlemen: I Lave the honor to present herewith a report of the

condition of the Smithsonian Institution for the year 1880.

As heretofore, in addition to matters pertaining strictly to the Smith-

sonian Institution, I shall give an account of the operations connected

with the National Museum, placed by Congress in charge of the Smith-

sonian Institution, as well as of those of the United States Fish Com-
mission, of which the present Secretary is the chief officer.

THE SMITHSONIAN INSTITUTION.

INTRODUCTORY.

In the report for 1879 the announcement was made of an appropria-

tion by Congress for the purpose of constructing a new building for the

service of the National Museum, and of the commencement and rapid

progress of the work upon the same. I now have the pleasure of stat-

ing that the work has been in the greater part comjileted during the

year 1880, and that a portion of the building is already occupied for its

legitimate objects.

The details of i^rogress and completion will be given in full in the

report of the building committee and of the architect, to which I would
refer. It will be sufficient to say here that the work has all been done
within the estimates, and that it promises to be even more suitable to

its purpose than was anticipated. All the requirements in regard to

light and heat are fully met ; and in this respect, and in that of its slight

cost in i)roportion to the space obtained, the building Is believed to have
no i)arallel in the country. Including the building proper, the steam

heating apparatus, the gas and water fixtures, and all their accessories,

the cost has amounted to less than $3 per square foot of ground floor,

and to about 6 cents per cubic foot of entire capacity.

Another noteworthy event of the year has been the election of Mr.

James A. Garfield, one of the Eegents of the Institution, to the office of

President of the United States.

S. Mis. 31 1
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MEMORIALS.

Statue of Professor Hairy.—The aunual meeting of the Board of Ee-

gents was held on the 17th of January, at which time the usual reports

of the year 1879 were presented. Prior to that date a bill had been

introduced into the Senate by Mr. Booth, a Regent of the Institution,

providing for the erection in the grounds of the Smithsonian Institution

of a statue of Professor Henry. This, in a somewhat modified form,

passed the Senate and House and became a law by the signature of the

President on the Ist of June, 1880.*

The total appropriation was 815,000, and it was agreed that one-fourth

should be paid on the completion of the design, one-fourth on the com-

pletion of the model in clay, one-fourth on the completion in bronze,

and the remainder on the placing of the statue in the Smithsonian

grounds.

Memorial representations of Professor Henry.—The Institution is in-

debted to Mr. F. Gutekunst, of Philadelphia, for copies of an excellent

phototype of the late Secretary, Professor Henry, copied from a photo-

graph fallen by the same artist during the time of the Centennial Exhibi-

tion. The portrait is a mechanical imprint of cabinet size, a close re-

l>roduction of the original photograph.

Although a partial account of various portraitures of Professor Henry
was given in the last annual report, it may not be improper, with the

view of making the record more complete, to repeat those formerly men-

tioned, as well as to indicate additional likenesses.

Of ongmal photographsj there are one small front face (carte size) by
H. Ulke; one profile head (carte si.'^.e) by T. W. Smillie; one small size,

full-length, standing, by the s;ime ; one iront view of head and bust, cabi-

net size, by the same, and one, imperial size, by the same; one, carte

size, and four different viev^s, cabinet size, by M. B. Brady, of Wash-

* In viow of the adjouruLiicnt of tlic Board of Regents at the time of the jiassago of

the law, it was irax)ossible to take any formal action in the matter ; but in the exer-

cise of its general discretion, the executive committee entered into correspondence with

Mr. Story, the artist designated in the act as the sculptor, and obtained from him his

acceptance of the trust, and some suggestions as to the design and the general condi-

tions of carrying it out.

As the executive committee was doubtful as to its authority to carry out fully the

provisions of the proposed agreement with Mr. Story, the members of the Board were
communicated with by letter and (heir assent obtained to such action as the com-
mittee might deem best in the premises.

It was therefore thought best to make a provisional ratification of the agreement
with Mr. Story, the session of Congress in the beginning of December rendering it

pcs8ibl«i to obtain the action of Ihe Board before anything could be done by the sculj)-

tor. A meeting of the Board therefore, was held on the 8th day of December, 1880,

and the action of the exec utive conmiittce was approved and authority given to carry

jt into effect. A dispatch was sent by Atlantic cable to Mr. Story, and the work, ac-

cording to a recent conmuniication from Hon. George P. Marsh, United States miuis-

cr at Rome, Mr. Story's jilace of residence, is progressing satisfactorily.
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ington ; two, cabinet size, by A. Gardner, of Washington ; three, cab-

inet size, by S. M, Fassett, of Washington ; and one of cabinet size and

one of imperial size, both by F. Gntekunst, of Philadelpliia.

Of crayon heads of life size, there are one by H. Ulke, from an oil

portrait by the same ; one by Mrs. Fassett, from a portrait by S. M. Fas-

sett; one by Mrs. M.:G. Dayton, from a photograph by Fassett; one by

R. Eeichmann, from a photograph by T. W. Smillie; and one by A. J.

Janvier, from a photograph by M. B. Brady.

Of tcoodciits, one was published in an "Account of the Smithsonian

Institution," by W. J. Rhees, Washington, 1855; and one in Harper's

Weekly of June 1, 1S78, accompanying an obituary notice.

Of engmvings on steel, one was produced by L. L. Punderson, from

a j)ainting by Mooney, and published at Boston in the Annual of Sci-

entific Discovery for 1852 ; one was engraved by G. E. Hall, from a

photograph, and published at Kew York in the Eclectic INIagazine for

March, 1875; one was engraved by S. Hollyer, from' a photograph, and

published at New York, in Appleton's Annual Cyclopedia for 1879;

and one of small size, vignette, was engraved by the Bureau of En-

graving and Printing of the Treasury Department, at Washington, 1880,

for i^ublicatiou in the Memorial volume ordered by Congress.

Of oil paintings, of bust or half-length life size, one was painted by H.

TJlke, of Washington ; one was painted by W. Ingalls ; one by Thomas
Le Clear, of New York ; and one by Theodore Kaufmann, of Washington.

Of husts in plaster, one of small size was modeled by C. W. Burton, of

Washington ; one of life size by Clarke Mills, of \yashington ; one of

life size by Fisk Mills, of Washington ; and one of life size by Mrs.

0. S. Brooks, of New York.

In the last report it was stated that Congress had authorized the

printing in one volume of the memorial services held in honor of Pro-

fessor Henry in the House of Representatives on the IGth of January,

1870. Of this volume a large edition was ordered ; and after various

delays, beyond the control of the Institution, it will soouajipear in a well-

printed form, accompanied by an excelleht portrait engraved by the

Treasury Department. There has been a great demand for this work
from all quarters of the country, and copies of it will be placed in all

the principal libraries at home and abroad.

Smitlisoii's Effects.—By the Gth section of the organizing act of Con-

gress of August, 181 G, it was provided that "the minerals, books, manu-
scripts, and other property ofJames Smithson, which have been received

by the Government of the United States, and are now placed in the

Department of State, shall be removed to said Institution, and shall be
preserved separate and apart from other property of the Institution."

The books belonging to the founder of the Institution have been cata-

logued and placed in a handsome walnut case with plate-glass front.

They consist of 45 duodecimo, 110 octavo, and 2G quarto volumes, many
of them in a worn, and a few in a dilapidated coudit on. It has been
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tliouglit proper, however, to leave them exactly as they were when form-

ing the library of Mr. Smithson.

Such of the relics of Smithson and his family as have come into pos-

session of the Institution have also been appropriately arranged in frames

and placed on exibition in the Regents' room. They consist of the follow-

ing articles:

1. An oil portrait of Smithson as an Oxford student.

2. An oil portrait in miniature of Smithson, painted by Johns, at Aix-

la-Chapelle, in 1816.

3. An oil portrait in miniature of Col. Henry Louis Dickinson, a half-

brother of James Smithson.

4. The dinner invitation card of Smithson.

5. His visiting card, used in Paris.

6. A copy of his will in his own handwriting.

7. A manuscript in his handwriting.

8. A commission from George III to Major Henry Louis Dickinson,

as Lieutenant-Colonel, dated 1st Jan., 1800,

9. A commission from the same King to Lient.- Colonel H. L. Dickin-

son, as Colonel of the 84th Eegt., dated 4th Aug., 1808.

^mitlison^s Tomb.—It is, ofcourse, eminently proper that the Smithsonian

Institution should do all in its jjower to preserve the remembrance of its

great founder, Mr. James Smithson
5 and an endeavor toward this end has

been made by the publication of a Life of Smithson and a reprint of all

his works. In the efforts to obtain a memorial of some kind of the last

resting place of Mr. Smithson, at Genoa, in Italy, a i)hotograph of the

tomb was obtained from Mr. Hazelton, the United States consul in

that city, with a statement of its present condition. In accordance

with a suggestion from him he was authorized to put the monument
in thorough repair and to arrange to have it kept in good condition at

the exxjense of the Institution. The monument is an approjiriate and
substantial one, and as long as the Institution is in existence this

reminder of its founder should be carefully protected.

INAUGURAL RECEPTION.
Eeference should be made to the grantingof the use of the new Museum

building for the purpose of holding the inaugural reception in honor of

the newly-elected President. A petition to that effect, from a committee

of citizens of Washington, was presented at a meeting of the Board on
the 8th of December, and the following resolution, granting the request,

was passed

:

" Whereas the new Museum building is unfinished and not ready for
occupancy of the government collections, and whereas such a contin-
gency will not again occur, and no precedent is to be given for the use
of the building for other purposes

:

''Eesolved, That the use of the new National Museum building be
granted for the inaugural reception of the President of the United
States, on the 4th of March, 1881, and that the Secretary of the Smith-
sonian Institution be authorized to make all necessary arrangements
for this purpose."
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Subsequently application was made to tlie Institution by several

other committees for the use of the building after the inaugural recep-

tion on the 4th of IMarch. These were all refused, although the objects

in view were praiseworthy in themselves.

FINANCES.

General Condition.—It is believed that the finances of the Institution

have never been in amore favorable condition than they are at the pres-

ent time.*

As the income of the Smithson fund is a definite one and can be

calculated upon almost to a cent, year by year, it is, of course, i^racticable

to estimate the expenditures with much iirecisiou. ISTothing but some

calamity, such as the destruction or serious injury of the l>nilding, is

likely to involve an outlay that would seriousl}" interfere with the general

programme for the year.

Under the general limitations of the apj)ropriations made by the

Board of Regents, for the dilferent classes of expenditure, it is, of course,

a matter of proper business management to incur no liabilities for the

year beyond those that the fund is able to meet ; and a strict adher-

ence to this rule has prevented any embarrassment in regard to pay-

ments. There has been no indebtedness at the end of the year except

that for some incomplete publications, and for which the necessary pro-

vision had been made.

Eeference has been made in this report to several bequests, by which

the principal of the fund has been increased, the first of these being

that of Mr. James Hamilton, of Carlisle, which, amounting to $1,(00

was added to the princijial of the Smithson fund in the United States

Treasury.

Mabel Bequest.—An account was given in the last report, of the

bequest of $402.59 to the Smithsonian Institution by Dr. S. Habel, of

New York. By authority of the executive committee, the sum of

$97.41 was appropriated from the annual income of the Institution and

added to the above in order to make up the amount of $500. This

was then deposited in the United States Treasury to the credit of the

Smithsonian endowment, under the provisions of law.

The Habel bequest thus slightly eularged and added to the Hamilton
fund of $1,000, making the sum of $1,500, will yield annually at 6 per

cent, an income of $90. It is proposed to devote this special income to

the prosecution of ethnological and archaeological research.

The funds of the Institution now in the treasury, according to the

report of the executive committee, amount, with these two bequests, to

*Tbe eiidbwment (referred to elsewhere) is for the most part in the U. S. Treasury,

where the principal can never be touched, and it yields an annual interest of six per

cent. A small portion is invested in Virginia State securities.
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$651,500, leaving a balance of $348,500 necessary to make up the million

dollars authorized by Congress as its perpetual endowment. It is very

much to be hoped that some of our wealthy men may feel inclined to

contribute a part or even the whole of this sum, as it is believed that

no more desirable contribution to science and education could be devised.

The machinery of the Institution is extensive enough to administer a

much larger amount than it at present possesses, so that no part of such

contribution would be required for salaries, rent, or other attendant

expenses. It may safely be said that the addition of one-half to the

present fund would at least double the efficiency of the Institution in

carrying out its mission of the "increase and diffusion of knowledge

among men."

Relation to the National Museum.—It is, of course, fully understood

that while the Smithsonian Institution is supported and administered

at the expense of the Smithson endowment, the cost of carrying on the

National Museum is necessarily defrayed entirely by Congressional

aj)propriations. Although the estimates presented by the Institution

from time to time as desirable for the prosecution of the work have

sometimes been reduced by the Congressional committees, there is no

reason to complain of the feeling of Congress toward this interest, and it

is confidently believed that as the plans in regard to the reorganization

of the Museum in the new building are carried out a cordial support

will be extended in the future. The appropriations requked for the

maintenance of an establishment five times as great as the present one

must necessarily be largely increased, although not in proportion to its

expansion. It is evident that to supx)ly a building covering two and a

halfacres of ground with cases will require a large exi)enditure of money
until they are completed. It is estimated that the cases needed will

in a continuous line extend a mile and a half; and of course several

years will be required for their proper construction. After this the cost

of the Museum will be essentially that of maintenance only, and be

reduced much below the figures for the fiscal year of 1881.

BUILDINGS.

Smithsonian Building.—The disastrous fire which destroyed a large

13ortion of the roof and upper story of the Patent Office building in the

summer of 1877, gave rise to the formation of a commission of govern-

ment officers, consisting of Col. Thomas L. Casey, Mr. E. Clark, and Mr.

J. G. Hill, to inspect all buildings of the government in the city, and to

report what measures might be necessary to better secure them and

their contents from injury by fire. The Smithsonian building was one

of those carefully examined by the commission, and it was recommended
that iron doors should be placed in the passage ways between certain

rooms. An api)ropriatiou of $3,000 was subsequently made by Con-

gress for this purpose ; and a contract tor its execution was accordingly
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entered into ^vitU Mr. George L. Damon, of Boston. After considerable

delay in the performance of this contract, the doors were delivered and

put in place bv Mr. Damon, to tlie entire satisfaction of the executive

committee. This arrangement has greatly promoted the safety of the

buildino- and its contents from the risk of the spreading of any fires which

might accidentallv occur within its walls. A few additional changes

are stLll desirable to give still further security to the public property

placed in the charge of the Institution.

For the purpose of fticilitatiug the operations of the freight and trans-

portation department of the Institution, an elevator was constructed in

1879, by which packages could be carried irom the southeastern entrance

of the building, either to the basement iloor below, or to the document

room above. During 1880, the work has been completed by the erec-

tion of a very substantial platform outside' of the door, on which boxes

can be conveniently delivered, or from which they can be shipped.

From the rapidly increasing amount of transportation connected with

the natural history operations and the scientifui exchanges, every fVicility

in the handling of packages, by economizing labor, becomes an item

of importance.

For many years a pump at the southeastern corner of the Smithsonian

building has furnished a supply of excellent water, esteemed throughout

the neighborhood. Although the introduction of the Potomac water

naturally reduced considerably the demand upon this pump it was still

constantly drawn upon by persons passing by, and was used for supply-

ing the water-coolers in the building. A chemical and microscopic ex-

amination of the water made during the summer showed that it was not

entirely wholesome, in consequi nee as was thought, of the rotting of the

inner wooden lining of the well. As a necessary step to the improve-

ment of the sanitary condition of the water the original lining was

replaced by one of brick. An iron pump was also substituted for the

former wooden one. These repairs have been satisiactorily completed,

and the water is now restored to its original quality.

The protection of the buildings in charge of the Smithsonian Institu-

tion and the preservation of the property contained therein require, of

course, the vigilance of competent watchmen, both day and night.

One of these, Mr. T. S. Nelligar, a night watchman in the new

museum building, has been made a special policeman by the Board of

police.

The situation of the Smithsonian building, so far to the south of the

principal avenues of travel in Washington, renders it somewhat incon-

A-euient of access, especially during inclement weather. At present

the nearest street railways are those along Seventh street and along

Twelfth street. The completion of the new building for the ac-

commodation of the Bureau of Engraving and Printing of the

Treasury Department, on South B street (at the corner of Four-

teenth street), as also of the new National Museum building, on
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the same street (near Niutli street), occasioning a large increase of travel

in that direction, induced the proprietors of the so called "Belt Line"

of railway to memorialize Congress for permission to change the track of

their road by extending it dotvn Fourteenth street to South B street,

thence along South B street past the entrance to the National Museum,
and thence south along Ninth street to Maryland avenue, along which

it now passes. Congress has not yet taken any action on this memorial.

Should that body authorize the proposed change of route it will add
greatly to the convenience of all who are interested in that line of travel.

Armory Building.—The Armory building is still in use as the deposi-

tory of the Centeunial and other collections belonging to the govern-

ment. These articles will be removed to the new Museum during the

present year, but as there is no provision in this building for storage of

boxes, packing materials, «&c., a part of the Armory will always be re-

quired for this purpose. It is also contemplated to use one of the halls

or stories of the Armory for the storage of the large amount of property

belonging to the United States Fish Commission, and the lower floor

may perhaps be occupied by aquaria, hatching apparatus, &c.

Lahoratori) of Katural Hutory.—The building erected as a laboratory

of natural history and a iihotograjihic atelier in which to prepare speci-

mens, illustrations, &c., for the Centennial Exhibition is still devoted to

similar uses. A large number of photographs of hsh, ethuologica, i&c,

have been made during the year by the artist of the Institution, Mr.

T. W. Smillie.

Mr. Josei>h Palmer and his son have continued in this building the

preparation of i)laster casts of fish, reptiles, and antiquities, and in

another apartment these have been colored by the artist, Mr. A. Z.

Shindler, the reproductions thus furnished beiug admirable fac-similes

of the living or original objects, and attracting general commendation.

Another large room occupied by Mr. Henry Marshall, the taxidermist,

has mainly been devoted to the mounting of birds and mammals.
In the new Museum building very commodious apartments have been

assigned to the photographer and other artists, a large and well arranged

sky-light has been provided, and everything will be done by the

Institution to secure the best possible results with all the apparatus

and appliances obtainable. To obtain ample working rooms in case

of an emergency, however, the tanks, dark-room, sky-light, &c., in the

old building will be left undisturbed so that if necessary an extra force

of photographers may be enabled to carry on their work.

ROUTINE WORK OF THE INSTITUTION.

Administration.—No chauge has been made in the officers and assist-

ants of the Institution since the death of the late Secretary. Mr. Wil-

liam J. Ehees, who has been chief clerk since June, 1853, still discharges
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the duties of executive officer witli zeal, iudustry, and efficiency. Dur-

ino- the absence of the Secretary for several months in the year, when

on-duty connected with the United States Fish Commission, Mr. Ehees

has been intrusted with the general administration of the busmess ot

the Institution ;
having- also the charge of publications, of financial de-

tails, of the purchase of supplies, and of the supervision of clerks and

employes, &c. The operations connected with the erection of the new

Museum building have added greatly to the labors and responsibdities

of the chief clerk, as well as of the other officers of the Institution.

The correspondence is in charge of ^Ir. Daniel Leech, who has been

in the Institution since 18'o7, and who has also acted as the secretary

of the National Museum Building Commission. In both these relations

his duties have been satisfactorily and creditably performed.

The division of accounts has been in charge of Mr. Clarence B. Young,

who entered the service of the Institution in 1870. To his duties as

bookkeeper is added that of the charge of the physical apparatus, the re-

vision of proof, mathematical calculations, and other work requiring

skill as a computer, and knowledge of physics and technology

To Mr. Wm. B. Taylor has been assigned the duty of preparing re-

plies to correspondents involving scientific details in special depart-

ments: and he has also edited-under the direction of the special com-

mittee of the Board of Eegents-the "Memorial Volume" in honor of

Professor Henry.

The management of the literary and scientific exchanges has been

intrusted to Messrs. H. Diebitsch and G. H. Boehmer. The labor m
this department has grown to large proportions, and is increasing with

every year.

The reception, entry, and transfer of books for the library are in

charge of Miss Jane A. Turner, whose faithful and intelligent services

have frequently been recognized by my predecessor.

The translation of French and German letters and various clerical

duties have been well performed by Mrs. L. Stoerzer, while the filing of

letters, indexing, making out receipts and orders for books, and various

other duties have been assigned to Miss M. E. Griffin, Miss H. de C.

Daingerfield, and Miss F. II. Schaeffer, who deserve commendation for

their faithful services.

It is also proper to mention the fidelity and efficiency in the subordi-

nate duties assigned them of Messrs. Henry Gass and John S. Pollock.

Mr. Solomon G. Brown, in charge of the transportation department,

has discharged his duties satisfactorily.

Con'esx)ondence.—A most important branch of Smithsonian opera-

tions is that of correspondence, which expands from year to year in the

direct ratio of the ever widening influence and increasing activity of

the establishment. The principal consideration, however, in this de-

partment, is not the amount but the continuity of the labor involved,
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Ts duriug the past three years, so during 1880, the number of com.

rnvtlcttious has'been very great in regard to ant^opo^gy uauu^l

l,i,torv mineralogy, exchanges, employment, and publications, m le

i?„' trarstoftbese the Immediatecause
has been theuuprecedened

^oii n« nronrietors of private collections, aware tbat the iustitiuiou

bL :^^l a'wli't^r r^oo^m requisite for the collation of its -t s^^^^^^^^

of specimens of natural history and the elimination of the dnpHcates

frev oufto the distribution of the latter, have hastened t<, apply

for a share in this material, the applications in almost every mstauoe

necesstting answer by reason of inquiries for -"loum«
not covered by any of the many printed circulars of the Institution.

In mil eralogy the number of applicants for informatmn has large y

inore. serduriSg the past year. Supposed discoveries ot mineral wealth

"mtotti^e to°be reported to the Institution, and «i;--- -^
'^^'^

warded for examination. Qualitative determ.natmns only, l'"^'^
;;' ^>»

made gratuitously for individuals or for private
"""--^^'^^^f,;

butihese generally suface. In making known
f^l^^^^'l^^'^l

examinations the mineralogist presents his repor s to *« Secretary on

Wanks nrenared for the purpose. If approved the substance oi his re

ptrti communicated by let'ter to the party
-''-f

-»" *«J-^X^
The increased activity in the department of

«''«''»S««^,'^^^^
J*

"f^
continued, but this source of correspondence has during the pa t jea

proved far more productive of communications than was »" ;« ^tel.

and while the increase in the number of these has been marked, m ^ eiy

m ny in ances their nature has been snch as to call for a 8-era rev ew

of the entire subject of exchanges, thus giving tothoreplie.^on hepa

of the Institution, the character more of memoirs than of letteis ilus

feature of a large part of the exchange correspondence grew out of the

IttSnof the P^riioeographical Congress of 1875, -/-o—-S*o

the nations of the worid the estaWishment ot a system foi the inte.

chan^-e of he official documents of their respective governments, which

rec°mmendation has recently been favorably acted upon by a nnniber

of rvernments, including the United States, which has designated the

Smithsonian Institution as its agent in the premises.
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With reference to api^lications for employment, it may be said that

while in no single year of its history could the Institution claim en-

tire exemption from the receipt of this class of communications, the

year 1880 marks an epoch in this respect as being the period in which

the maximum number has claimed attention. Indeed, it is far from an

exaggeration to say that written and oral applications of this kind

have averaged half a dozen a da3\ As a majority of those in writing

are in the nature of requests through members of Congress, or other

persons of prominence, a double answer frequently becomes necessary,

one to the applicant and a second to the party through whom the claim

is presented, the latter generally necessitating a detailed exijlauation

of the cause for the refusal.

Lastly, an important part of the correspondence consists in the con-

stantly increasing demands for the Smithsonian publications. With
the increase of popular education throughout the land, and the springing

up of new \illages or towns, new public libraries and scientific societies

are started, and very soon an application is made to the Smithsonian

Institution for its publications. Applications of this kind are required

to be entered on printed forms, and forwarded through the member of

Congress representing the district in which the establishment is located,

the member thus becoming sponsor for the library or society, so far

^s its existence and standing are concerned.

The requests from individuals for publications, however, are not in-

frequently difficult to deal with. In a country vv^here all are equal it

is sometimes diflisult to satisfactorily explain why each individual

cannot receive this or that publication gratis. It is often useless to

state that the publications of the Institution are issued at the expense

of its own fund, and not at that of the general governmeut; that this

fund is so limited as to forbid the issuing of more than a comparatively

small number of copies; that with these both hemispheres must be
supplied 5 that they are distributed free of expense to public libraries

and colleges throughout the country on condition that they shall be
accessible at all times to any who may desire to consult them ; that

to individuals, other than specialists andcoutributors of material for

the national collections, they are sold at about the costofpai)er and
printing ; or, that the desired memoir, or memoirs, will be cheerfully

furnished in return for desirable objects for the jSTational Museum. It

might reasonably be supposed that a statement of this character would
prove satisfactory ; but, unfortunately, this has not been our experience,

such a result being the exception, not the rule, and shortly the demand
is renewed through the member of Congress from the district in which
the ai)plicant resides.

ASTRONOMICAL ANNOUNCEjVIENTS BY TELEGRAPH.

The existing arrangements for disseminating telegraphic announce-

ments of astronomical discoveries, particularly between America and
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Europe, were set forth in the last report. This Institution is the center

of diffusion throughout our own country, of astronomical announce-

ments received by telegraph from foreign countries, and in like manner
acts as the medium of communication of American discoveries through

Atlantic cables to the European observatories of Greenvvich, Paris,

Berlin, Vienna, and Pulkova; from which points the information is

spread throughout their respective countries. Through the courtesy of

various telegraph companies, the information received from abroad is

transmitted to the principal observatories (some seventeen in number)

throughout the United States, and also to the "Associated Press," free of

charge. This generous concession to the urgent needs of astronomical

research and progress is so valuable a boon to science that it should

annually receive a grateful and public acknowledgment. The com-

panies to whose liberality we are thus indebted are: The Atlantic Cable

Company, The United States Cable Company, The Pacific Cable Com-
pany, The Western Union Telegraph Company. To these must be

added the Northwestern Telegraph Company, which gives gratuitous

transmission of astronomical telegrams to Xorthfield, Minn.

Prof. B. A. Gould, the eminent superintendent ofthe observatory of Cor-

doba, ofthe Argentine Eepublic, when making a visit lately to the United

States on his way to Europe, had some conference with several leading

astronomers respecting certain proposed improvements in the exchange

of telegrams, and of the character of the abbreviations to be emj)]oyed.

These suggestions, presented to the Institution, were by it embodied in

a circular, which was referred to the directors of the different observa-

tories scattered over our country soliciting their opinion as to the

desirability of the changes proposed. Dr. C. H. F. Peters, of the

observatory at Clinton, N. Y., to wliom the original suggestion of tele-

graphic announcement is mainly due, was particularly desired to give

the subject his consideration. When the various responses to these cir-

culars of inquiry are received, it is intended to have them carefully con-

sidered by a commission of astronomers, and the formulas which ap^jear

to meet the general approval will be finally adopted as the uniform and
permanent method of designation.

The announcements of astronomical discoveries made during the past

year are as follows

:

List of minor planets discovered in 1880.

No.
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List of comets observed in 1880.

13

No.
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Attention has frequently been called in previous reports to the steadily

increasing expense attending this system of internatioual exchanges.

The cost of prosecuting various researches and investigations and the

general expenses of the Institution being provided for, the residue of

the income has usually been divided between the department of publica-

tions and that of international exchanges. So long as the latter interest

required the exi^enditure of but a few thousand dollars, a considerable

amount was available for the former, and the Institution was thus in a

condition to publish many important memoirs j but of late years the

cost of maintaining the exchange system has increased at so rapid a

rate (the expense for 1879 and 1880 having reached nearly $10,000 each

year) that only an inadequate and continually decreasing balance i^

available for the very important department of publication of original

contributions to knowledge.

The official designation of the Smithsonian Institution by the State

Department, as the American agent of international exchange has

naturally, with the rapid extension of its oj)erations, also added con-

siderably to the burden of expense.

In view of these circumstances, a communication was addressed to

the honorable Secretary of State, some months ago, by the Secretary of

the Institution, asking that an ajiplication be made to Congress for a

special appropriation toward defraying the expenses of international

exchanges, to be disbursed under the direction of the State Department.

This favor has been promised, and it is hoped that the desired relief

will be granted.

As a result of the convention already referred to as held in Paris a

few years ago, for promoting international exchanges between the vari-

ous governments of the world, the interest and exertions in this direc-

tion are slowly extending. In addition to the commissions and bureaus

of Belgium, France, Holland, and the Coufedemcy of Switzerland, men-

tioned in the last report as co-operating with the United States govern-

ment, tbe Government of Brazil has since been included in the move-

ment, and arrangements between it and the Institution have been sat-

isfactorily adopted. A disposition to co-operate in this work has also

been exx)ressed by the Governments of Russia and of Italy, but no defi-

nite arrangements have as yet been concluded by them.

The interchange of scientific publications between the United Slates

and Cuba has for a number of years been efiected through the agency

of Prof. Felipe Poey, of the University of Havana; and to that emi-

nent naturalist, for both the extent and the efficiency of his labors,

this Institution is greatly indebted. As the packages transmitted have

been addressed to Professor Poey, questions have constantly arisen as to

the duties charged to the Institution, in addition to the other cost of the

enterprise. As it was thought unjust that the Smithsonian fund should

be taxed with the entire expenses of this interchange, in both directions,

while the main benefits of the transactions were experienced by Cuba,
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the subject was referred to bis excellency Seiior Don Felipe Meudez de

Vigo, minister from Spain ; through whose courteous efforts, a very sat-

isfactory arrangement has been effected, whereby the governor-general

of Cuba, in his oflcial capacity, takes charge of our packages and de-

livers them to the University of Havana f )r distribution to their re-

spective addresses. This arrjngemeut constitutes in effect an additional

link in the chain of international government agencies already referred to.

The total number of establishments outside of the United States with

which correspondence and exchange have been condu(;ted amounts to

2,003— an increase of about 120 over the list of 1870. The number of

packages received from Europe for distribution in the United States

during the past year amounted to G,G70; the number of packages from

the United States received for transmission abroad has amounted to

14,175 ; making an aggregate of 20,845 packages.

The parcels received from Europe for distribution in America are gen-

erally forwarded to their respective destinations in smaller bundles, or

in paper wrappers. The parcels received for transmission to foreign

countries are carefully i)acked in boxes. Of these, there were shipped

during the past year 208; occupying a bulk of 1,070 cubic feet, and

weighing 00,300 pounds.

As heretofore, the Institution is greatly indebted to the lines of ocean

steamers between the United States and other countries of the world

;

and grateful acknowledgment is due particularly to the agents of the

following companies for llie continuation of their important favors in

the free transmission of Smithsonian packages : Anchor Steamship Com-

pany, Atlas Steamship Company, Compagnie Generale Transatlautique,

Cunard Steamship Company, Hamburg American Packet Company,

Inman Steamship Company, Merchn,nts' Line of Steamers, ISTetherlands

American Steam Navigation Company, New York and Brazil Steamship

Company, New York and Mexico Steamship Company, North German
Lloyds Steamship Company, Pacific Mail Steam shi]) Company, Pacific

Steam Navigation Comi)any, Panama Eailroad Company, Steamship

Lines for Brazil, Texas, Florida, and Nassau, N. P., White Cross Line

of Antwerp.

The railroad companies connecting Washington and Baltimore and

New York have also continued their fiivor of special rates of charges for

freight. These are the Pennsylvania Eailroad, the Baltimore and Ohio

Eailroad, and the Baltimore and Potomac Eailroad.

Acknowledgments are also due to the foreign ministers and consuls

of the various governments, for their assistance in taking charge of the

packages intended for the countries which they respectively represent,

and transmitting them with care to their destination.

In connection with the establishment of definite relations between

this Institution and the French commission of international exchanges

(a branch of the department of the ministry of public instruction), the

French Transatlantic Steamship Company has, through its agent, M.



16 REPORT OF THE SECRETARY.

Louis (le Bebian, very generously agreed to carry the packages of ex-

change both ways free of charge, thus relieving parties on either side

from a considerable burden, and greatly facilitating these operations.

Statistics of exchanges during the last ten years.
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gress, witliout being entered on the records of this Institution. A
detailed report in an appendix, gives all the information possessed un-

der this head, including the aggregate of such distribution, the agencies

through which it has been effected, and the parties interested in the

exchange.

List of governmenis in exchange with the Government of the United States,

and to whom box " JV" teas sent in 1880.*

Argentine
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mens ; but only a small amount is conveniently disposed of in tbis man-

ner, and by far tbe greater proi)ortion is issued without any expecta-

tion or desire for a return. The table appended to this Keport will show
what has been done up to date, as the distributions of the year 1880.

The distributions indicated have represented a fair average for the

year 1880. It is expected that in the year 1881, the amount will be

vastly increased by the disposal of the Centennial collections, wliich

have been so long stored in the Armory building, and which it is ex-

pected will soon be transferred to the new Museum building, just com-

pleted. These objects will be i>rincipally those relating to the mineral

kingdom, the ores and building stones being in the largest proportion.

Ai)plicatlons for collections from establishments not well known, are

usually referred to the member of Congress in the district in which the

applicant belongs, and an expression of opinion is invited as to the char-

acter and standing of the same.

As a general rule, no specimens are sent away without being authori-

tati^'ely and accurately labeled by an expert, so that they become stand-

ards of reference.

LIBRARY.

The additions to the library of the Institution through its system of

scientific exchanges, continue to be very large. During the past year,

the books, ijamphlets, and charts received, have amounted to 8,570

pieces : a portion of which consists of parts or continuations of volumes,

such as the current proceedings and transactions of learned societies,

and the accessions to established scientific journals. Making due allow-

ance for such fragmentary continuations, the wliole number of complete

volumes may be estimated at 6,000 titles ; of which by far the greater

portion has been as usual transferred to the custody of the Library of

Congress, where they constitute an important section of the great

national collection.

In this statement is not included the large number of.volumes received

under the arrangement for international government exchanges, and

sent directly to the Library of Congress without being opened or cata-

logued at the Institution. •

Statement of the booJcfi, maps, and charts received hy the Smithsonian Insti-

tution during the year 1880, and transferred to the Library of Con-

gress.

Volumes :

Octavo or smaller 806

Quarto or larger. 337
1,143

Parts of volumes

:

Octavo or smaller 2, 577

Quarto or larger 2, 603

5, 180
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Pamplilets

:

Octavo or smaller 1, 618

Quarto or larger 477

2, 095

Maps and charts . . ^ 152

Total 8, 570

The Institution has received from Mr. John T. Fisk, president of the

American Industrial Deputation, at Puebla, Mexico, through his excel-

lency the Mexican minister, a very handsomely bound volume of small

size, of Prayers and Devotions, in the Spanish language. The binding

of this book is quite unique, the sides and back being covered with

highly polished plates of JMexican onyx, cemented upon a purple silk

cover, which is exposed only in the groove forming the flexible joint be-

tween the sides and the back. The front plate (four and a half inches

long, by two and seven-eighths inches wide, aud probably about three-

sixteenths of an inch at its middle, gently rounding and thinning toward

its edges) is of a delicate mottled pink color, and is embellished with orna-

mental engraving filled in gilt. The corresponding plate forming the

opposite cover is, of course, of exactly the same size ; but it is of a deli-

cate mottled green color: its oruamentation is similar to that of the front

side, though of a different design. The back of this curious volume is

entirely covered with a finely polished piece of delicately mottled blue

Mexican onyx, without ornament, nearly one inch in width, which has

been laboriously and skillfully hollowed out to conform to the rounded

back of the volume. On the front fly-leaf of the book the following in-

scription is written : " The Yery Rev. Monsignor Eulagio G. Gillou, do-

mestic prelate of the Pope, to the American Industrial Deputation, on

its visit to this city, presents this small token of the mineral produce

and industry of the State: it contains, besides, specimens of Mexican

poetry; with the request that it be placed by its distinguished president,

Mr. John Theo. Fisk, in some public institution of the United States

for the inspection of its citizens and artisans.

"

The Institution has also received, through the honorable Secretary of

State (by official letter of the department dated December 3, 880),

from the international exhibition commission of Sydney (X. S. \V.),

Australia (under cover of a letter dated !N"ovember 8, 1 880, from 11. W.
Cameron, esq., one of the United States commissioners to said exhibi-

tion), a specimen bronze medal of award of the said Sydney international

exhibition of 1879. This medal, three inches in diameter and a quarter

of an inch thick at its outer rim, presents a very fine specimen of die-

sinking. On its obverse side, within a border bearing the legend of the

exhibition, is represented in bold relief a female figure, standing, sur-

rounded by emblems of the arts, supporting with her left hand a shield

bearing the arms of the province, and extending with her right hand

the victor's laurel wreath, while in the rear is shown in low relief the
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exhibition building. On its reverse side an elaborate floral wreath com-

1)rising native products forms tlie embellishment.

By the transfer to the Library of Congress of the greater portion of

the books belonging to the Smithsonian Institution, effected shortly

after the disastrous fire of 18G5, the former library room was rendered

available for other uses. This occupation for other more pressing re-

quirements and purposes, necessarily prevented its further employment

as a reading room. In view of the increasing number of employes con-

nected with either the Smithsonian Institution, the National Museum,
or the United States Fish Commission and Fishery Census Division, it

was thought proper to make some provision by which some of the more

interesting domestic and foreign jieriodjcals received might be ren-

dered easily accessible to them. Accordingly the corridor of the east

range of the building has been fitted up as a reading room by the erec-

tion of reading desks on which are placed the successive numbers of

certain serials as they come to hand. These, of course, comprise but a

very small portion of the journals received by the Institution; a full

list of which is given in the appendix.

RESEARCHES.

An arrangement was made by the Institution a number of years ago for

the compilation of a series of tables of ascertained altitudes in the United

States, to be collected from data derived from State and county surveys,

and from miscellaneous surveys made in the construction of railroads,

wagon roads, &c. ; the ultimate object being the preparation of a topo-

graphic relief model of the country. This work was put in charge of

Mr. Walter L. Nicholson, and a considerable amount of work was ac-

complished towards the end in view. Mr. Nicholson having, however,

been ai^pointed topographer of the Post-Office Department, the con-

stant occupation of his time in the duties of his position interfered

with the jirosecution of this work, so that he was unable to complete his

report, and for some years nothing further has been accomplished. The
United States Coast and Geodetic Survey having had committed to it

by act of Congress the charge of conducting a system of triangulations

to connect the Atlantic and Pacific coasts, has requested the use of this

material collected by the Institution with reference to elevations ; but

its transfer to that establishment has not yet been determined on.

A subject which has of late years attracted considerable attention

from physiologists and others is the peculiar affection of vision known
as color-blindness* This defect of chromatic sensibility exists in various

degrees, and to a much larger extent than is generally supposed ; and as

it does not appear to be usually accompanied with other optical imper-

fection of the eyes, many of its subjects are even unconscious of their

deficiency in this respect. Inasmuch as danger signals used at sea, upon

* This abnormal condition of siglit is by many French writers cbaracterized (not

very appropriately) as "Daltonism."
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coasts, on railroads, at draw-bridges, and elsewhere, are usually cliaracter-

ized by special colors, it obviously becomes a matter of tlie greatest mo-

ment to public safety tliat those immediately in charge of such signals,

or appointed to observe them, should be known to be entirely free from

any imperfection or disqualification in this direction. The subject has

accordingly with justice assumed a character of great x)ractical impor-

tance. In the Smithsonian E-eport for 1877 the Institution T)ublished

the translation of a paper by Prof. F. Holmgren, of Stockholm, in which

the vital consequence of this subject in many of the vocations of life,

and especiallj^ those connected with traveling and communication by

sea and by land, were strongly pointed out; and to this memoir is un-

doubtedly due in large degree the present appreciation of the subject.

An edition of this work had been contemplated by Prof. B. Jay Jeflries,

of Boston, who has himselfconducted a very extended series of independ-

ent researches in the same direction.*

LABORATORY WORK.

A large part of the time of the chemist of the Institution is occuiiied

in determining the character of minerals sent to the Institution, with the

request for information. Under a rule of the Institution, of which a copy

is herewith submitted, the examination of minerals for private x>arties

and private interests is confined to a simple qualitative examination, or, in

other words, an indication of the more important elements contained

therein. It is a comparatively easy matter to ascertain whether a cer-

tain specimen contains gold, silver, lead, or other metal, and examina-

tions of this kind are made daily. In all cases, however, where an act-

ual chemical analysis or assay is required, it is only done at the request

or in behalf of some branch of the government, or for some other i)ublic

purpose ; in all other cases the ai)plicant is referred to professional chem-

ists for the investigation. It will, of course, be readily understood that

if the Institution once establishes the precedent of making such assays

and analyses, it would soon require the services of dozens of chemists,

thus involving expense for which no adequate provision could be made,

and interfering with the business of those who depend upon such work
for a subsistence.

In the report of the chemist, which is submitted in the Appendix, will

be found a statement of the general character of the chemical work con-

ducted during the year, among which have been quite a number of in-

* The follov/iog memoirs on this interesting topic have been published by Professor

Jeffries : 1. " Dangers from Color-Blinduess in Railroad Emi)loy6s and Pilots," Jan-

uary, 1878, Boston. (From tha Ninth Annual Reiiort of the State Board of Health. ) 2.

"IncurabiUty of Congenital Color-Blinduess," a memoir read at a meeting of the Suf-

folk District Medical Society, February 23, 1878. (Printed in the Boston Medical and

Surgical Journal IMarch 28, 1878. ) 3. " Color-Blindness." A lecture ou color-blindness

and its practical relations. (Delivered April 11, 1878, before the Society of Arts, at

the Institute of Technology, Boston.) 4. Paper " On Color-Blindness and its Dangers

on the Sea." (Read before the United States Na,val Institute at Annapolis, Md.,

March 3, 1880.)
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vestigations made for the government. Perhaps the most important of

these was the inqmry into the so-called Tichenor process of reducing

ores of gold by the use of one of the chlorides of gold. This investiga-

tion was made at the special request of the Commissioner of Patents,

and conducted at the expense of the Patent Office, and an elaborate re-

port transmitted to that officer. Very much public interest centered

around the analysis, as the disposition of a large amount of money in

the way of investment depended upon the decision.

In addition to the chemical work actually performed in behalf of the

government, the Institution is not unfrequently asked (especially by the

Treasury Department) to nominate chemical experts for special inquiries,

a request always promi^tly complied with.

In view of the large amount and variety of analytical investigations

continually required by the government for the faithful and intelli-

gent administration of several of its bureaus or departments, it is much
to be desired that a first-class laboratory, uuder efficient direction,

be established in official connection with some branch of the gov-

ernment, where all chemical work of a public character or value can

be thoroughly executed. Questions of grave importance, and subjects

requiring elaborate and conscientious research, are constantly being-

presented in the revenue and other branches of the public service, which

demand precise and authoritative determination for the satisfactory

guidance of official agents, and which should be placed under the imme-

diate sujjervision of those (of whatever government bureau) charged

with the responsibility and interested in the accurate execution of the

work.
EXPLORATIONS.

In the summer of 1879, Mr. F. H. Gushing, the assistant in charge of

the ethnological department of the museum, was granted leave of

absence by the Institution for the purpose of accompanying a commis-

sion detailed to carry on ethnological research and exploration among
the Pueblo people of New Mexico. This expedition, in charge of Mr.

James Stevenson, was very successful in its mission ; collecting large

numbers of specimens, an account of which was duly given in the Eeport

of 1879. Mr. Gushing found the field of inquiry among the Indians so

rich and extensive that he obtained permission to remain a longer time,

and is still there. He has established himself with the Zuiii Pueblo,

under the special protection of the chiefs, and has gained the confidence

of the people to such a degree as to be x>ermitted to attend all their

ceremonial observances, and make notes and eyen drawings. An inves-

tigation into the traditions and history of the people, their manners and

customs, their songs and dances, and their relationship to other tribes,

has kept Mr. Gushing constantly occupied. A rich harvest of inter-

esting discovery will undoubtedly result from his residence among these

people.
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Mr. Gushing has also been enabled to obtain many interesting speci-

mens of the handiwork of the Indians, both ancient and modern, and
has visited some of the mines from which minerals valued by them as

precious stones were obtained. In addition to the general inquiry into

the history of the Indians, Mr. Gushing has been instructed to take the

census of the Zuiii village, at the request of Major Powell.

Dr. F. M. Endlich, the mineralogist of the Institution, received, in

January last, leave of absence, for the purpose of visiting, as an agent

of the Treasury Department, certain sugar-producing islands of the

West Indies and Demerara, with a view of investigating the mode of

preparation of sugars, intended especially for exportation to the United

States. During his stay in the West Intlies, as also in South America,

he made some interesting collections for the National Museum, among
them specimens of curious aboriginal pottepy.

Dr. Endlich returned to Washington, after an absence of several

months, but was occupied for some months in completing his report;

receiving then an appointment in charge of certain mining operations

in Arizona, he resigned his position in the National Museum. The work
of the department of which Dr. Endlich had charge was then placed in

the hands of Dr. F. W. Taylor of Washington, as will be seen by his

report, given elsewhere.

The services to natural science, of Gapt. Gharles Bendire, of the First

Gavalry, have been appreciated for many years past by scientific men,

this officer, whose military record is understood to be entirely satisfac-

tory, devoting his leisure time to collecting specimens in all branches

•of natural history and making very full notes in regard to the man-

ners, habits, and peculiarities of various Indian tribes. Ilis succes-

sive assignments to military duty have taken him into the most

inaccessible and least-known portions of the American Gontinent, in-

cluding portions of Arizona, Galifornia, Oregon, &c., which have been

thoroughly explored by him. Several questions having arisen during

the year in reference to the character of certain species of salmonidse

in Oregon and Washington Territory, the acquisition of specimens of

which was considered very desirable in the interest of fish culture and

the fisheries, Gaptain Beudire expressed his willingness to undertake

a journey to the localities involved, provided the necessary authority

and orders could be obtained from the War Department. Application

to General Sherman and to the Secretary of War resulted in the comple-

tion of the necessary arrangements, by which Gaptain Beudire was

instructed to prosecute some desired reconnoissances and inquiries, in

which he would have the necessary opportunities for natural history

research. Under this arrangement he left Fort Walla Walla with a

portion of his command, and after an interval of several months spent

in the field, returned with rich results, consisting of very complete col-

lections of the fishes of the rivers and lakes of the interior of the

country, and with other objects of natural history, which have been re-



24 REPOET OF THE SECRETARY.

ceived at the Institution and will shortly be made the subject of special

investigation on the part of its specialists.

Mr. F. A. Ober, whose important researches into the natural history

and ethnology ofnumerous islands in the West Indies have been referred

to in previous reports, made an expedition to that group of islands

,

during the past summer, in connection with certain business enteri)rises.

As before, he devoted such of his time as he could spare to scientific

inquiry, and secured an excellent series of birds from several of the

islands not previously visited. These have been duly received and

entered in the catalogue of the Museuin, making its series of West
Indian birds by far the most complete of any in existence. It is pro-

posed at no distant time to prepare a catalogue of the West Indian birds

in the ISTational Museum, with appropriate notes.

Mr. Ober also secured important collections ofreptiles, fishes, mammals,

and objects of archeology for the Ifational Museum.

In December, 1879, Prof. David S. Jordan, of the Indiana TJniversity,

as assistant to the United States Fish Commission and si)ecial agent

of the Census Department, was sent to the Pacific coast to investigate

the fishes and fisheries of that region. Prof. Charles H. Gilbert; of the

same institution, accompanied him as assistant. These gentlemen re-

paired at once to San Diego, Cal., where they began work January

1, 1880. Statistics were obtained at each of the fishing townt^, and

large collections of fishes were made in turn at San Diego, San Pedro,

Santa Barbara, Monterey, Soquel, and San Francisco. The collection

obtained in Monterey Bay was especially extensive, comprising nearly

one hundred and fifty species. A stay of several weeks was made'

in San Francisco, after which, about May 1, Professors Jordan and
Gilbert left for Astoria, Greg. ; here studies were made of the "spring-

runs" of salmon, which, supplemented by Professor Gilbert's subse-

quent studies of the "fall runs" in the various rivers, have thrown much
light on this intricate subject. Later a visit was made to Puget Sound,

and considerable collections were obtained at Seattle, Neali Bay, Vic-

toria, and New Westminster. On June 15, the party returned to Asto-

ria and soon after to San Francisco. The chief i)orts south of San Fran-

cisco were again visited and large collections made.

About September 1, Professor Jordan returned eastward, sto])ping at

Lake Tahoe, Utah Lake, and Burlington, Iowa, for the purpose of study-

ing the fisheries of these regions. Professor Gilbert returned to the Co-

lumbia and Puget Sound to iuA^estigate the fall runs ofsalmon. InNovem-
ber he left San Francisco for Mazatlan, Panama, and Aspinwall, at each

of which places considerable time was spent and large collections made.

The chief results of the expedition may be here briefly summarized.

1. The collection of statistics of the various fisheries along the coast.

2. The discovery of about 50 species new to science on our Pacific

coast, and of nearly as many more on the coasts of Mexico and Central

America.
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3. The collection in large numbers of nearly every species known on

our Pacific coast, about 2(35 in all. About 10,000 duplicates from tliis

collection have been already distributed to the principal museums of

the world.

6. The solution of many of the problems relative to the life history of

the salmon.

In April, 1880, Dr. Tarleton H. Beau, one of the assistants in the Mu-

seum, was detailed to visit Alaska to collect fishery statistics, fishes,

birds, and such other objects of interest as could be obtained Through

the courtesy of Capt. Carlile P. Patterson, Superintendent of the United

States Coast and Geodetic Survey, and at the suggestion of Mr. W. H.

Dall, who was in command of the vessel, Dr. Bean was permitted to ac-

company the party of the schooner Yukon, and was allowed all possible

assistance and facilities for making collections. While Mr. Dall devoted

his leisure more particularly to the dredging for invertebrates and bar-

tering for native implements and ornaments, he also contributed largely

to the collection of fish and other marine vertebrates. A^aluable aid was

extended also by Capt. B. P. Herendeen, Mr. Marcus Baker, Mr. Wm.
E. Noyes, Mr. H. W. McDonald, and Mr. Sylvanus Bailey.

Dr. Bean was absent from April to the middle of November, and dur-

ing that time visited Sitka, Port Althorp, Port Mulgrave, Cook's Inlet,

Kodiak, the Shumagin Islands, Belkoffsky, Unalashka, Saint Paul Isl-

and, Plover Bay (Siberia), Cape Lisburne, Icy Cape, Point Belcher,

Eschscholtz Bay, Port Clarence, Big Diomede Island, and Saint Mathew

Island. One hundred days were spent at sea, and seventy-eight days

in the various ports named. When it is remembered that rain pre-

vented work to some extent while in port, it will be seen that the sea-

son of actual collecting was short
;
yet the party succeeded in obtaining

47 packages, including 32 boxes, 10 kegs, and 3 tank-boxes of natural

history specimens.

Upwards of 80 species of fish and 50 of birds were secured—some

rare fishes being taken in considerable numbers with a view to their

distribution to other museums. Of the fish Dr. Bean has already de-

scribed 14 species as new to science—one of them representing a new

genus. The chief value of the fish collection, however, lies in the fact of

its including many hitherto doubtful or unknown Pallasian and Tilesian

species. A full series of specimens was secured, which establishes the

.identity of the commercial cod and halibut of the Atlantic and Pacific

Oceans. ITot fewer than 14 species of fishes were collected that are

common to both sides of Northern America. With the addition of this

summer's results, the Museum is in possession of nearly all the known

Alaskan fishes. Burynorliyiiclius xiygmccus was obtained in Plover Bay,

and information of its occurrence at Point Barrow. Larus marinus was,

for the first time, taken in Alaska. A very large series of the great

Unalashkan song sparrow [Melospiza insignis Baird) was brought down

and formed the basis of demonstrating a perfect intergradatiou with
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the 31. melodia. Actodromas acuminata was again captured at Port

Clarence, farther north than ever before in Alaska.

A single reptile—a toad caught by Miss Sallie Ball near Sitka—forms

a part of the collection.

Mr. Dall was fortunate in procuring a perfect skin and skeleton of the

banded seal {HistriopJioca equestris) in spite of the determination of its

Eskimo captors to carry off at least a piece of the nose! A very large

number of skulls of Eskimo dog was gathered at Plover Bay. A few

good bones of fossil mammals were brought from Eschscholtz Bay.

On the island of Unalashka many skulls and implements of prehistoric

Aleuts were found in cliff burial-places. At Iliuliuk, Mr. Dall obtained a

great prize in the skull of a prehistoric Aleut dog from a village-site

near Ulakhta Head. Throughout the Territory large collections of

implements of bone, ivory, stone, wood, copper, &c., were made, some

of the Eskimo north of the Arctic Circle furnishing many really valu-

able articles of ivory and stone.

Dr. Bean is now preparing a detailed report upon the fishes 5 and this,

in connection with some notes on the birds, and lists of the coleoptera,

lichens, &c., will form material for a Bulletin of the ]\Iuseum. .

Mr. H, H. Eusby, a well-known botanist of New Jersey, has been en-

gaged for some time in investigating the botany, natural history, and

archaeology of New Mexico, and it gave the Institution much pleasure

to be able to obtain for him certain facilities from the War Department,

to aid him in his researches. His special attention has been given to

botany, and he has already addressed to the Institution a number of

interesting collections in this department. In archaeology his princi-

pal work has been the investigation of a cave, near Silver City, New
Mexico, filled with aboriginal relics, many of which he has succeeded in

securing. None of these collections have, so far, come to hand; but

they will probably be received in the early part of 1881. Mr. Rusby,

with the true zeal of the explorer, finding his means inadequate to the

carrying out of his plans, entered into certain business relations with

parties in New Mexico, by means of which he earned enough to con-

tinue his labors.

An exploring trip to the remarkable natural cave at Luray, in Virginia,

was made by a party from the Institution in the month of July last. An
account of this visit is given in the General Appendix to this Eeport.

Ever since the return of the schooner Florence from her exjjedition to

Arctic America, Captain Howgate, of the Signal Office, has been en-

deavoring to secure the interest of Congress in a second expedition

;

and to that end he i)urchased in Scotland the steamer Gulnare, and had

it brought to Washington and placed in a condition of thorough repair.

Additional timbers were placed in the vessel and it was overhauled and

placed in an effective condition.

In connection with the same enterprise Congress passed a law author-

izing her acceptance, by the Navy Department, and her equipment for

the purpose, should she be considered seaworthy. The Secretary of
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War was also authorized to make a detail of officers and men from the

Army, to accompany the expedition. The plan of operations was to

send the vessel to Lady Franklin Bay, with a shore party, which was

then to he landed and to be provided with houses on shore, the vessel

herself returning to the United States for additional supplies. The War
Department did its part, by detailing Lieutenant Doane and a number of

men for the purpose in question, the general supervision being placed

in charge of the Signal Office. A critical inspection of the vessel was

made by the several bureaus of the Navy Department, and after a careful

consideration she was declared to be not sufficiently reliable to be ac-

cepted and the Secretary of the Navy declined to take the responsibility

of forwarding her on the voyage. In this emergency Captain Howgate
himself provisioned the vessel and furnished the necessary commauder

and crew, and she started on her journey via Newfoundland. Severe

storms, however, weili encountered and her boilers became so injured

as to require repair in Newfoundland. She experienced numerous mis-

haps, some of which greatly injured the vessel itself and rendered the

further prosecution of the enterprise inexpedient. The vessel accord-

ingly returned to Washington with the party, and the expedition was

practically abandoned for the present. Dr. Pavy, the surgeon and

naturalist of the expedition, and one other, however, remained in Green-

land to carry on independent researches.

Captain Howgate, with his usual appreciation ofall branches of science,

invited the Institutiou to furnish a collector to the expedition, promising

to supply the necessary quarters and subsistence. It was, however,

found impossible, in the brief notice given, to secure the services of a

competent person, and nothing was done beyond supplying some ap-

paratus for deep-sea research.

PUBLICATIONS.

The activity ol the Institutiou is more marked and its influence more

extended through its publications than by any other of its agencies for

the increase and diffusion of knowledge among men. However useful

and important its researches, explorations and collections, these would

be very limited in advantage to the public were it ]iot for the dissemina-

tion of the new truths discovered and the facts collected through the

various classes of publications carried on by the establishment. These

publications are growing in number, size, frequency of issue, and value

every year, and more has been done in this way in 1880 than during

anj" previous period.

For many years past the Smithsonian Institution has been in the

habit of having all its memoirs (both octavo and quarto) stereotyped,

as thereby the number of copies of any memoir required for the use of

the public could be conveniently regulated. The demand by the public

(beyond the regular supply of everything to a definite number of insti-

tutions) being very unequal, there was danger of printing either too
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many or too few. This induced my i^redecessor, many years ago, to

order that everything published by the Institution should either be elec-

trotyped or stereotyped, and the first edition for miscellaneous distri-

bution of 250 copies was generally printed. If more than this was
required a second and a third edition of similar extent were ordered.

In this way the expense of an investment in paper and printing, as

well as an inconvenient and possibly dangerous accumulation of mate-

rials in the building, was avoided ; and it has now become possible to

keep d6wn the stock to the minimum. The stereotype and electrotype

plates have usually been kept in the basement of the building; but for

the greater convenience of reference and transfer to the printer when
required, they have been arranged during the year in a large fire-proof

room in the upper stories of the south tower.

By far the largest i)roportion of electrotype plates have been stored

in Philadelphia in a portion of the building of the Academy of Natural

Sciences of that city, and under the charge of the printers of the Insti-

tution, the T. K. Collins establishment. The Institution is under great

obligations to the Academy for permission to occupy so much of its

basement and for allowing, at the same time, free access to it by the

agents of the Institution.

Index to Smithsonian Publications.—In the constantly-increasing mass

of serial publications the general titles of which express but indefinitely

the character of their contents, the preparation of special indexes has

become a matter of great importance; and within the last twenty years

quite a number of such i^ublicatious have been made; one of these, of

the most importance, namely, the Index of Periodical Literature, by Mr.

Henry Poole, has been of very great assistance to students and investi-

gators, and a still more elaborate system of indexing has lately been

carried out. An association of persons familiar with this kind of work

has been formed for the purpose of continuing this series of indexes.

Two propositions have been made to the Institution to prepare a full

digest of all the papers it has published.

Such a bibliography has, however, been in preparation by the Institu-

tion for some time past. Mr. Boehmer, one of the assistants, has prepared

a full alphabetical index to the subjects of ethnology and archseology,

contained in the Contributions to Knowledge, the Miscellaneous Collec-

tions, and the Smithsonian Reports; an abstract of which, published in

the Report for 1879, will give some idea of its plan. The complete work

will be printed as soon as funds are available for the purpose, and it

will meet an acknowledged "want. Similar indexes will, in time, be

furnished, relating to other branches of science.

Smithsonian Contributions to Knoivledge.—During the year. Volume
XXII of the quarto series of "Contributions" has been made up and

published, consisting of independent memoirs previously issued by the
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Institution. This volume comprises 544 pages of text, illustrated by 20

plates and 474 wood-cuts ; and embraces the following subjects

:

Introduction, 16 pp.—1st. Explorations of the Aboriginal Remains
of Tennessee. By Joseph elones, M. D. Published October, 1870. 4to.,

181 pp. 95 wood- cuts.

2d. The Sculptures of Santa Lucia Cosumalwhuapa in Guatemala.

With an account of Travels in Central America and on the Western
Coast of South America. By S. Habel, M. D. Published February,

1878. 4to., 04 p. 8 plates.

3d. The Archa3ological Collection of the IJnited States National

Museum, in charge of the Smithsonian Institution. Washington, D.

C. By Charles Ran. Published August, 187G. 4to., 118 pp. 340

wood-cuts.

4th. The Palenque Tablet in the United States National Museum.
Washington, D. C. By Charles Eau. Published November, 1879.

4to., 91 pp. 2 plates and 39 wood-cuts.

5th. On the Remains of Later Pre-Historic Man obtained from Caves

in the Catherina Archipelago, Alaska Territory, and especially from

the Caves of the Aleutian Islands. By W. H. Dall. Published Janu-

ary, 1876. 4to., 44 pj). 10 plates.

Falenque Tablet.—From the interest expressed by Mexican archaeolo-

gists in the history of the Palenque Tablet, and in Dr. Rau's memoir on
that subject, it was presumed that this paper would be translated and
published l)y the National Museum of Mexico, under the charge of its

eminent director, Senor Don Gumesindo Mendoza, and accordingly as

an act of international courtesy it was determined to offer to him
electrotype copies of the plates, as also a supply of phototype prints

from the tablet itself. This proposal was at ouce thankfully accepted

by Seiior Mendoza, and the preparation of the translation of the text

promptly undertaken. Copies of the memoir in the Spanish versiou,

giving the text and all the notes in full, have lately been received by
the Institution.

Physiological Research.—A memoir has been jmblished during the

past year on the subject of "Fever," considered physiologically as well

as pathologically. The researches set forth in this work were under-

taken by Dr. H. C. Wood, jr., of Philadelphia, under the auspices of the

Institution; and a notice of the character of the investigation, pre-

pared by the author, was presented in the Report for 1878. The print-

ing of the memoir was considerably delayed by the necessity of a criti-

cal revision of the tables and calculations, which was intrusted to Mr.

C. B. Young, of this Institution, and which has received from him careful

and laborious attention. He also corrected all the proof-sheets. This

memoir, forming No. 357 of the Smithsonian publications, comprises 206

quarto pages, illustrated by 5 plates and 16 wood-cuts. The general

conclusion arrived at, as summarized in the memoir, is that the cause

of fever "is simj)ly a state in which a depressing poison or a depress-
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ing peripheral irritation acts upon the nervous system which regulates

the production and dissipation of animal heat"; and that the nature

of fever is " a nutritive disturbance in which there is an elevation of

the bodily temperature and also an increase of the production of heat

by an increase of the chemical movements in the accumulated material

of the body; this increase being sometimes sufficient, sometimes in-

sufiQcient, to compensate for the loss of that heat which is derived di-

rectly from the destruction of the surplus food in the body; very little

or no food being taken in severe fever."

It is the custom of the Institution to give to the author a certain

number of copies of his memoirs, this varying with the extent and cost

of production. The author is also invited to furnish a list of specialists

particularly interested in the research covered by the memoir, whether

resident at home or abroad, and to these, or as many as can conveniently

be supplied, copies are sent free of cost, and the fact of this being done

by the request of the author is stated.

The author is also allowed to print as many additional copies as he

thinks proper, at his own expense, and to dispose of them as he pleases,

either by giving them away or selling them. The more extended the

distribution of a memoir, the better is the principle of the Institution

carried out, viz, that of the increase and diffusion of knowledge.

Dr. Wood has availed himselfof this opportunity by having 250 extra

copies printed and placed on the market with the imprint of J. B. Lip-

pincott, & Co., of Philadelphia.

Meteorology.—The relationship of the Smithsonian Institution to

the subject of American meteorology is well known, especially the

fact that until the establishment of the Weather Bureau of the War
Department the Institution had the entire burden of maintaining a series

of observing stations throughout the country and of publishing the re-

sults in a series of memoirs, which are accepted as of standard value by
all meteorologists. When in 1871 its system of active work was trans-

ferred to the Signal Ofiflce of the War Department the x>ublication of

digested results was not intermitted, but continued, so as to cover the

entire period of activity up to the year in question.

Among the meteorological monograi^hs published by the Institution,

that on the rainfall of the United States prepared uuder the direction of

Mr. Charles A. Schott, of the United States Coast Survey, was one of the

most important. This work, with its digested tables of rainfall and the

series of rainfall maps, extending from the earliest records to the year

1866, was used for a number of years in determining the questions of

general climatology^ and the relations of plants to altitude and locality,

and to the extent and degree of reservoirs for storing water, &c.

In the interval between the completion of the first work to the trans-

fer of the system many additional observations had been made, involv-

ing the rectification of some of the general conclusions, and it was
determined to publish a continuation of the work, down to 1878, em-
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bodying at the same time a recast of tlie generalizations. The work
was accordingly placed under the supervision of Mr. Sehott, as-

sisted bj" Mr. E. H. Courtenay, of the Coast Survey, and completed

during the year. Arrangements were immediately made for publica-

tion, including the construction of new base charts. The printing of the

charts has been completed by Mr. Julius Bien and the text is in an ad-

vanced stage of preparation, and will probably be ready in a few months.

Among the important papers still on hand which have been accepted

and are awaiting publication are the continuation of Professor Caswell's

meteorological observations, of Providence, and the observations made
by Mr. Sherman, while on board the schooner Florence as a member of

Captain Howgate's polar expedition.

The observations of Mr. Sherman present many new points in the

climatology and x)hysical condition of the arctic regions, and will be a

valuable addition to the other papers of a similar character published

by the Institution, as illustrating the works of Hayes, Kane, McClintock,

and others. The delay in the publication of these works is due to the

large amount of material on hand. It is hoped, however, that in the

course of a year they may be sent to press.

ArclKcologij.—Reference has been made in previous rejiorts to an ex-

tremely interesting collection of West Indian antiquities, probably of

Carib manufacture, presented by the late Mr. George Latimer to the

National Museum. This collection embraced many new forms of much
interest. The stone implements of this collection possessed many peculi-

arities, for the most part not illustrated at all by those of the continent of

North America ; and a memoir by Prof. O. T. Mason, published in the An-

nual Peport in 187G, illustrated by suitable wood-cuts, has attracted great

attention at home and abroad. Its dissemination has brought to light

additional collections in the West India Islands, and arrangements have

been made to obtain the use of some of these for publication.

Mr. Frederick A. Ober brought from Antigua a number of inter-

esting objects, quite different from those of Mr. Latimer ; and Mr.

Guesde, of Guadaloupe, has communicated to the Institution a large num-

ber of beautifully-executed drawings of full-sized specimens in his collec-

tion, accompanied by detailed descriptions. Professor Mason has un-

dertaken to compile a special memoir on Mr. Guesde's collection, to be

illustrated by his drawings and published at an early date.

The publication by the Smithsonian Institution, many years ago, of a

memoir by Mr. Lewis H. Morgan, ujiou the terms of relationship and con-

sanguinity employed by various nations of the world, led to the establish-

ment of almost a new branch of philological and ethnological investiga-

tion ; or at least placed it upon a substantial footing. At the time of the

publication of the memoir there were few persons i)repared to follow the

reasoning of the author ; but under its stimulus corresponding researches

have been carried on in various parts of the world and have produced

very good fruit.
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Among such investigations was one by Mr. L. Fison, in regard to the

aborigines of Australia, and an agreement was entered into with liim

by which the Institution was to publish it, uniform with Mr. Morgan's

memoir. The number of manuscripts in hand waiting for publication

prevented Mr. Fisou's article from going to press, and he finally was

able to make arrangements at home for its appearance. The paper was

accordingly withdrawn and transmitted to the author through Mr. Mor-

gan.

There is now a sufficient number of the quarto memoirs completed to

form another volume of the " Contributions," Volume XXIII ; and this

will be issued early in the year 1881. It will probably comprise :

1st. Lucernariaj and their allies. By HenryJames Clark. (130 pages,

and 11 plates.)

2d. On the geology of Lower Louisiana and the salt deposit on

Petite Anse Island. By Eugene W. Hilgard. (34 pages, 2 plates and

4 wood-cuts.)

3d. On the Internal Structure of the Earth considered as affecting

the phenomena of Precession and Xutation. By J. G. Barnard. (16

pages, and 2 wood-cuts.)

4th. A classification and synoj)sis of the Trochilidse. By Daniel

Giraud Elliot. (277 pages, and 127 woodcuts.)

oth. Fever : a Study in Morbid and Normal Physiology. By H. C.

AVood. (266 pages, 5 plates and 16 wood-cuts.)

Miscellaneous Collections.—Four volumes of articles, heretofore pub-

lished, have been made up and added to the octavo series of the

"Smithsonian Miscellaneous Collections" during the year. These form

Volumes XVI, XVII, XVIII, and XIX, and are constituted as follows

:

Tbe Sixteenth volume contains:

1st. Land and fresh-water shells of Xorth America. By George W.
Tryon, jr. Part IV, Streporaatidse (American Melanians), 1873, 490 pp.

2(1. Catalogue of the described Diptera of Xorth America. By C.

R. Osten-Sackeu (second edition.) 1878. 324 pp.

3d. The Toner lectures. Lecture VII. The nature of Eeparatory

Inflamation in Arteries after Ligature, Acupressure, and Torsion. By
Edward O. Shakespeare, M. D., 1879, 74 pp.

4th. Circular relative to Smithsonian Scientific and Literary Ex-

changes, 1879, 2 pp.

5th. Circular relative to Business Arrangements of the Smithsonian

Institution, 1879, 7 pp.

6th. List of described Species of Humming Birds. By Daniel Gi-

raud Elliot, 1879, 22 pp.

7th. List of the principal Scientific and Literary Institutions in the

United States. May, 1879, 6 pp.

8th. List of the publications of the Smithsonian Institution, July,

1879, 18 pp.
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The Seventeenth volume consists of:

The Smithsonian Institution: Documents relative to its origin and
history : Edited by WiUiam J. Ehees, 1879, 1027 pp.

The Eighteenth volume consists of:

The Smithsonian Institution, Journals of the Board of Regents, Re-

ports of Committees, Statistics, &c. Edited by William J. Rhees, 1879,

852 pp.

The Nineteentli \o\\ime, contains:

1st. Proceedings of the United States National Museum. Vol. I,

1878, 521 pp.
2d. Proceedings of the United States Natioijal Museum. Vol. II,

1879, 503 pp.

Memoir of James SmitJison.—It has long been the intention of the In-

stitution to i^ublish a memoir of its founder, and from time to time ef-

forts have been made to collect materials for this jnirpose. It is much
to be regretted, however, that this worli was notundertahen at an earlier

date, while some of Smithson's contemporaries were living who could

have imparted valuable information as to his peculiarities and charac-

teristics.

Mr. Rhees, Chief Clerk of the Institution, has at last supplied the

want so long felt in the history of this establishment, and has made use

of every known source of information in the preparation of the work in

question. By extensive correspondence and advertisements in several

of the leading English periodicals some facts of interest not hitherto

known were secured, and the author was thus enabled to present a

more extended notice of Smithson than was at first anticipated.

The memoir under notice commences with a sketch of the ancestry of

the Smithson family, gives an account of the education of James Smith-

son at the Oxford University, where he graduated in 178C, describes his

devotion to scientific pursuits, his love of adventure in the search for

knowledge, recounts his achievements as a chemist and mineralogist,

enumerates his published scientific works, and gives the testimonials to

his worth and ability from the president of the Royal Society and

others.

An inventory of his personal effects is presented, and an account of

the likenesses of Mr. Smithson known to be in existence and in the pos-

session of the Institution.

Some attention is paid to a consideration of the motives which probably

actuated Smithson in bequeathing his fortune to the United States, and

a resume m given of the intellectual condition of the period in which he

lived, which is shown to have exhibited a remarkable spirit of scientific

activity, and the formation at that time of some of the most important

organizations for the advancement of science, education, and philan-

thropy.

S. Mis. 31 3
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The promotion of knowledge was peculiarly a characteristic of the

period, and Smithson was undoubtedly impressed with this idea.

Pull details of the will and a/ac simile of it are given.

Mr, Ehees then traces the steps taken by the United States Govern-

ment to secure the bequest, the various acts of Congress, the debates,

resolutions, messages of Presidents, &c., in relation to the subject, and

finally the reception, on the 29th of August, 1838, of £104,900 Ss. 6d,

which, converted into American gold, realized $508,318.40 as the Smith-

son foundation.

A recapitulation is next furnished of the legislation of Congress in

relation to the disposition of the Smithson fund, and a brief abstract of

the notable speeches 'made from time to time in which various i^lans

for establishing the Smithsonian Institution were advocated. These

speeches are given in full in the " Documents relative to the history of

the Smithsonian Institution," published in 1879; but in the present vol-

ume the narrative is continuous and the references to the names and locali-

ties of the Senators and members of Congress more minute and explicit.

In an appendix additional facts are given relative to the father of

Smithson, the first Duke of Northumberland ; the half brother of Smith-

sou, Earl Percy, who commanded the British re-enforcements at the battle

of Lexington, 1775; notices of some of Smithson's papers; extracts from

his writings : a catalogue of his library now deposited in the Smithso-

nian Institution ; and notices of the city of Washington found in Smith-

son's books.

The whole forms an octavo of 70 pages, with the following illustra-

tions :

Portrait of Smithson. Heliotype ; from an oil miniature by Johns.

1810.

Portrait of Smithson. Heliotype; from an oil painting. Cabinet

size; full-length figure, sitting, in the costume of an Oxford student.

1780.

Portrait of Smithson. Profile; engraved on steel; from a medallion.

Tomb of Smithson, at Genoa, Italy. Wood-engraving; from a recent

photograph.

Fac simile of Smithson's visiting card, and of his dinner invitation

card.

Silhouette portrait of Henry James Hungerford, nephew of Smithson.

Fac simile of Smithson's will. Two sheets, of four quarto pages.

Portrait of Smithson's father, Sir Hugh Smithson. From an engrav-

ing belonging to James Smithson.

North view of the Smithsonian Institution building at Washington.

The Memorial Yiflume in honor of the late Professor Henry, author-

ized to be published by Congress, though somewhat delayed, has been

completed, and is now i^ractically ready for distribution. It forms a

handsome octavo book of 528 pages, of which the main subject-matter
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is divided into three parts. A brief introduction of 4 pages presents

the proceedings of Congress in relation to the holding of memorial serv-

ices in the hall of the House of Eepresentatives, and also in relation to

the printing of the same, together with such other testimonials of respect

as the Eegents might deem congruous with the object of the work. Part

first embraces the primary proceedings more immediately connected

with the obsequies, commencing api)ropriately with the reproduction

of the announcement of the death of Joseph Ilenry, by the Chancellor,

Chief Justice Waite, issned on the day following that melancholy event,

and addressed as a formal or official obituary notice to all the cor-

resi)ondents of the Institution, in our own country or abroad, followed

by an account of the i»roceedings of the Board of Itegeuts on the occa-

sion of the funeral services, with the sermon of the liev. Samuel S.

Mitchell, and of the steps taken by the Kegents on the day following to

obtain a public commemoration. Part second comprises an account of

the memorial services at the Capitol, presided over by the Vice-Presi-

dent, taken from the Congressional Kecord, and consisting of an open-

ing prayer by President McCosh of Princeton, addresses by Senators

Hamlin and Withers, Eepresentatives Garfield and Cox, Professors

Gray of Cambridge and Eogers of Boston, and by General Sherman,

the reading of telegrams by Eepresentative Clymer, and a closing prayer

by the Chaplain of the Senate, Eev. Dr. Sunderland. Part third com-

prises proceedings by, and addresses before, various bodies with which

Professor Henry had been prominently connected. The volume con-

cludes with an appendix of 4 pages, recounting the proceedings of

Congress with reference to the erection on the Smithsonian grounds of

a statue of Joseph Henry. The whole is followed by a general index of

12 pages.

Digest of Atomic Weiglits.—Among the Miscellaneous Collections a

carefully-prepared digest of "Atomic Weights," by George F. Becker,

of California, has been published during the past year, constituting No.

358 of the Smithsonian series. This work, comprising 150 octavo pages,

consists of a collection of all the determinations of the atomic weights

of the chemical elements heretofore made. The elements are alphabet-

ically arranged, with critical notices under each, and the authorities for

varying determinations, together with precise citations to the publica-

tions or records, are fully given. The whole is accompanied with a full

index of the journals and other i)ublications, both foreign and domestic,

which have been laid under contribution ; and a second index gives an

alphabetical list of the authors of atomic weight determinations. The

work evinces a pains-taking diligence in collecting from every available

source (in whatever language) the information desired ; and it will prove

a valuable work of reference to both the theoretical and the practical

chemist.

This publication is in continuation of a line of scientific manuals on

the "Constants of Nature," projected by the Institution, and may be
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regarded as forming Volume IV of the series thus far attempted:

Volume I being tables of the Specific Gravities of bodies, and also of

their Boiling and Melting Points ; Volume II, tables of the Specific Heats

of bodies ; and Volume III, tables of Heat Expansion of bodies. All

three volumes were compiled by Prof. F. W. Clarke of the University of

Cincinnati.

The Toner Lectures.—On the 13th of April, 1872, a deed of conveyance

of several pieces of property in Washington, with money and other

securities amounting in value to $3,000, was made by Dr. Joseph M.

Toner, of this city, to five trustees, instituting the Toner lectures, and

establishing a permanent and increasing fund for their support and con-

tinuance annually.

The trustees named in the deed were the Secretary of the Smithsonian

Institution (then Prof. Joseph Henry), the Surgeon-General of the United

States Army (then J. K. Barnes, M. D.),*the Surgeon General of the

United States Navy (then J. M. Foltz, M. D.), the president of the Med-

ical Society of the District of Columbia (then Grafton Tyler, M. D.).

The interest of this fund was set apart to be applied for annual

memoirs or essays relative to some branch of medical science, each to

contain some new truth fully established by experiment or observation

;

no such memoir or lecture to be given to the world under the name of

the "Toner Lectures" without having first been critically examined and

approved by competent persons selected by the trustees.

In accordance with this trust, arrangements were made for the deliv-

ery of annual lectures on subjects relative to medical science, and the

Smithsonian Institution undertook their publication in its series of Mis-

cellaneous Collections. The following is a list of the lectures published

up to 1880, and already described in previous reports: I. On the

Structure of Cancerous Tumors and the Mode in which adjacent parts

are invaded. By Dr. J. J. Woodward. Published November, 1873, 44

pp., 8vo. II. Dual Character of the Brain. By Dr. C. E. Brown-Se-

quard. Published January, 1877, 25 pp., 8vo. III. Strain and Over-

Action of the Heart. By Dr. J. M. Da Costa. Published August, 1874,

32 pp., 8vo. IV. A Study of the Nature and Mechanism of Fever. By
Dr. Horatio C. Wood. Published February, 1875, 48 pp., 8vo. V. On
the Surgical Complications and Sequels of Continued Fevers. By Dr.

William W. Keen. Published April 1877, 72 pp., 8vo. VI. On Subcu-

taneous Surgery : Its principles, and its recent extension in Practice.

By William Adams, M. D., F. E. C. S. Published May, 1877, 15 pp.,

Svo. VII. The Nature of Eeparatory Inflamation in Arteries after Lig-

ature, Acupressure, and Torsion. By Dr. Edward O. Shakespeare. Pub-

lished April, 1879, 71 pp., 8vo. And lastly, during the past year : VIII.

Suggestions for the Sanitary Drainage of Washington City. By George

E. Waring, jr. Published June, 1880, 23 pp., 8vo.

This last lecture forms No. 349 of the Smithsonian Miscellaneous Col-
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lections, and discusses a subject of special and practical importance to

the residents of this city.

The health and comfort of the Capital of the nation is a matter of so

general interest that its hygienic conditions deserve careful study and

consideration. Very difficult problems are presented to the sanitary

engineer by the topography of the city and the river frontage on a large

area of flat land. The drainage of so large and so populous a city is

one of the first subjects requiring the attention of the local authorities

and of Congressional action. Mr. Waring having had long experience

and much distinction in investigation of such topics, was, therefore, in-

cited by the trustees of the Toner fund to make a thorough examination

of the city and District, and requested to make suggestions for the im-

l^rovement of their drainage.

Mr. Waring in his lecture presents Holland as furnishing a suitable

example for imitation in regard to the reclamation of low areas. In

that country about 4,000 acres have been reclaimed annually, while in

Washington the improvement of not more than 2,500 is required. He rec-

ommends strongly the adoption of the Dutch method of constructing de-

fenses, embankments, and bulk-heads, leaving the inclosed ground at its

present level, and to drain it by artificial power to a sufficient depth to se-

cure the same result as to dryness that would be secured by the filling it

with earth. This would substitute a dry and pleasant meadow for the

present noisome mud flats, would be economical, simple, and iiractically

equivalent to raising the whole city six or eight feet above its present

level, and give it high and dry ground to the shore of a clear running

stream on each side.

Next to bringing the flats about the city into a proper condition, the

drying of the soil of those parts now subject to saturation is considered

by the author, and for the latter purj)ose he recommends that the damp
lands should be drained by an independent system of pipes, entirely

disconnected, except at their outlets, with the sewer system.

The sewerage of the city is next considered, and the use of the same
drains for the streets and for houses is condemned as very objection-

able. It is urged as of prime necessity that every foot of the sewers

with which habitations are connected should be at all times free from

deposits of organic matter.

The best size of sewer-pipes is fully discussed, and the conclusion

stated that large ones should be restricted to the removal of storm-water

only, and small ones used for house drainage.

A radical and almost universal improvement of the interior drainage

of houses is demanded, the defective house-drains being a far more im-

portant factor in the production of disease than defective sewers. By
the official statement, the deaths in the District in 1879 from diseases

which are believed to be very materially affected by bad drainage, either

by soil-moisture or by filth, amounted to just about one-half of the total

mortality. The author believes that five hundred jiersons annually die
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within the District of Columbia because of the defective condition of

the houses in which they live.

The main features of a comprehensive scheme adequate to the im-

provement required are stated by Mr. Waring to be

—

1. The flats and marshes to be reclaimed by embanking and pumping.

2. The discharge of the lateral streams and of storm-water sewers to

be carried beyond these defenses and delivered into the main channels

of the river.

3. The complete underdraining or subsoil drainage of the site of the

city.

4. The separate removal of the foul drainage.

5. The abolition of privy vaults and cesspools and the complete

reformation of the interior drainage of houses.

Physical Tables.—Among the earliest publications of the Institution,

one now exhausted, but which has ever since been in great demand both

at home and abroad, is the very full series of meteorological and phys-

ical tables prepared by Prof. Arnold Guyot. This work (No. 31 on our

list), published in 1852, constitutes the principal portion of the first

volume of the Smithsonian Miscellaneous Collections, and is universally

recognized as a standard work of reference on the subjects to which it

is devoted.

The expansion of certain branches of physical inquiry has made some

supplementary tables desirable, and Professor Giiyot was invited by

my predecessor to prepare the material for a new series. The greater

part of the work will of course be unchanged, and will be printed from

the original electrotype plajtes. But some modification of certain tables,

together w^ith a number of new ones, has been arranged for.

Professor Guyot's laborious duties at Princeton have interfered with

the speedy completion of the new edition ; but the material is now
nearly ready, and the additional pages will be put in tyi)e at an early

day.

Bidletins of the National Museum.—In addition to the regular series

of publications printed entirely at the expense of the Smithsonian fund,

several series prepared under the direction of the Institution have the

expense of the printing of a small edition ijrovided for from other sources.

Stereotype plates of these issues are preserved, and are afterward in-

cluded in the Miscellaneous Collections. These consist especially of the

Bulletins and Proceedings of the National Museum, the printing of which

is authorized by the Department of the Interior, and paid for out of its

fund. An edition of one thousand copies is published, of which one-half is

distributed by the Department of the Interior and one-half by the Insti-

tution. As the pages are stereotyped, the cost of additional copies is

slight; and for the purpose of making sure that a sufiicient number of

sets will be accessible forever to students in all parts of the world, it has

been considered expedient to print fifteen hundred additional copies of
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each as a portion of the Miscellaneous Collections. In this way the dis-

tribution of the first edition can be made to special students and the

minor societies that do not receive full series ofSmithsonian publications.

In this manner the various numbers of the Proceediugs of the ISTa-

tional Museum (forming the volumes for 1878 and 1879) have been asso-

ciated together to form the nineteenth volume of the MisceUaneous Col-

lections as already indicated. A similar arrangement has been made
in reference to the transactions of the Philosophical Society of Wash-
ington, the first three volumes of which have been printed from the

stereoty]ie plates, and will probably form Volume XX of Miscellaneous

Collections, to be issued early in 1881.

The "Bulletins" of the Museum, as heretofore stated, are designed to

furnish check-lists, system of classification, and descriptious of the

natural history material on hand, for the purpose of illustrating the
zoological and ethnological collections belonging to the U. S. National
Museum, &c.

The seventeenth Bulletin of the National Museum is on the zoological

position of Texas, by E. D. Cope. The author considers the subject of

the infiuence of environment on animal life, and the relation of the ne-

arctic and neotropical faunae at their point ofjunction. Studies into the

zoology of Mexico have shown that the high plateau is populated by an
animal life which differs from that of the coastward plains. Prom in-

vestigations of the Batrachia and Eeptilia, which are incapable of per-

forming migrations, the line of demarkation between the great northern

and southern realms is clearly indicated. The genera of South America
advance northwards aloug the lower lands of Central America and
Mexico to the mouth of the Rio Grande, which is about their northern

boundary. On the other hand various genera of the southern regions of

North America extend their range southward as far as the city of

Mexico.

The great State of Texas is the field where the boundaries of the va-

rious genera is to be sought, since its fauna is of a most diversified

character. The geology, topography, climate, and vegetation of this

region are described, and the author then proceeds to a consideration of

the distribution of its vertebrate animals in the following order: Mam-
malia, Aves, Eeptilia, Batrachia, Pisces.

The author concludes that Texas is to be placed within the nearctic

realm, for although it possesses a number of genera which are common
to this realm and the neotropical, there are numerous genera which be-

long to the former exclusively and very few that belong to the latter

alone. To display these relations lists are given side by side of genera

whose geographical relations are in these three directions.

The species are shown in four geographical groups, (1) those of the

extreme southwest, (2) those of the plateaus, (3) those of the low coun-

try, and (4) the east.

The discussion is a valuable contribution to science, and the paper has
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attracted marked attention from naturalists. It forms an octavo of 51

pages.

Bulletin No. 18 is a pamphlet of 278 pages, and is entitled "Exhibit of

the fisheries and fish culture of the United States of America, made at

Berlin in 1880, prepared under the direction of G. Brown Goode, deputy

commissioner."

This work is a catalogue of the articles brought together by the United

States Fish Commission for exhibition at the International Fishery Ex-

hibition held in Berlin in April, May, and June, 1880. An account of

this exhibition and of the display made by the United States, with the

awards to exhibitors, will be found in another place in this report.

The bulletin or catalogue was used as the official list or guide to the

American i^art of the exhibition, was republished in Berlin, translated

into German, and on account of its extent, classification, detail, and ac-

curacy, elicited much j)raise.

The work is arranged under six sections or heads, viz

:

A. Aquatic animals and plants of North America beneficial or in-

jurious to man.

B. Fishing-grounds of North America.

O. Means of pursuit and capture.

D. Methods of preparation.

E. Animal products and their applications.

F. Research, protection, and culture.

Under each of these sections, subdivisions are made for the purpose

of systematic classification.

Proceedings of the National Museum.—As stated in the reports for

1878 and 1879, another series of publications relating to the Museum
has been introduced, designed to furnish to naturalists early announce-

ments and descriptions of specimens received, particularly when of new
species, together with such other matters of zoological interest as may
be furnished by correspondents, to which series the title of "Proceed-

ings of the National Museum " has been given. Of the articles published

in the Proceedings for the year 1880, Mr. R. Ridgway has furnished the

following

:

(1) Revisions of Nomenclature of certain North American Birds. This

paper is an explanatory list of the names of North American birds

which, in accordance with the recognized rules of nomenclature, have

been changed or amended since the publication (in 1873) of the latest

catalogue of the species—Coues's " Check List." Thirty-one specific or

subspeciflc and twenty-five generic names are given as changed or

amended since that date, from the form given in the above-named

catalogue, while nineteen species given therein as geographical races or

varieties are raised to full specific rank, seven others being reduced to

the rank of subspecies.

(2) A Catalogue of the Birds of North America.—Thin catalogue is pre-
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pared with the view to supply the wide-spread demand for a catalogue

of North Americau birds which shall be complete up to date as r igards

the enumeration of species known to occur in l!forth America, and at the

same time includes a thorough though condensed digest, with references

of the additions to the fauna and changes of nomenclature which have

been made during the period of twenty-one years which has elapsed

since tbe publication of the last Smithsonian catalogue, in 1859. This

new catalogue, with numerous revisions and additions, is now (Decem-

ber, 1880) being printed for publication in pamphlet form,

(3) Catalogue of TroehiUdw in the collection of the United States Ifa-

iional Museum.—This is a list of the species of humming birds contained

in the National Collection, all the localities represented by the specimens

being given with each species. The chief object of this list is to call at-

tention to the desiderata^ so that correspondents may be able to furnish

species which are lacking to the collection, and thus render it more com-

plete.

Dr. Tarleton H. Bean has furnished among other papers

:

A list of European fishes in the collection of the United States National

Museum.—About 350 nominal species are mentioned. As this list is in-

tended simi^ly to facilitate exchanges with museums in Europe, the

names under which the fishes were received are retained without refer-

ence to our latest knowledge concerning the classification and specific

identity of certain species.

Other articles have been supiilied hy Messrs. S. T. Cattie, F. M.
Endjich, S. Garman, C. H. Gilbert, T. Gill, G. B. Goode, O. P. Hay,

A. Heilprin, D. S. Jordan, G. oST. Lawrence, W. N. Lockington, K.

Eathbun, J. A. Eyder, E. Smith, J. J. Smith, J, G. Swan, A. E. Verrill,

and 0. A. White.

Systematic Nomenclature.—In carrying out investigations in systematic

natural history a large i)art of the labor consists in determining the prior-

ity of names, especially those of the genera employed or proposed ; and
for many years each inquirer was obliged to repeat the labors of others

and to waste a vast amount of his time thereby. In 184:(3. the late Prof.

Louis Agassiz prepared a list of all names of genera that had been pro-

posed in zoology, giving the dates, references to place of publication, and
the grouj) of the animal kingdom to which they belonged. No greater

boon could have been extended to students than this compilation,

which answered its purpose fully for a number of years. In 1873, Mr.

Marschall prepared a supplement to the work of Professor Agassiz,

which was also of very great moment. For many years past, however,

no convenient digest has been available to cover more recent researches,

as the spirit of scientific investigation is increasing in almost geomet-

rical ratio, and the need of a new nomenclature has been apparent.

Mr. S. H. Scudder, of Cambridge, Mass., has devoted a large poktiou of

time lately to the prei)aratiou of a second suijplement to Pi-ofessor
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Agassiz's work, to include a general index to the whole ; and by this

means, when published, the naturalist will be able to reduce the time

and trouble of a given research enormously. Mr. Scudder oflered this

memoir to the Smithsonian Institution for publication, but as its own
funds were required for the other memoirs previously in hand, it was

accepted by the Department of the Interior, as a bulletin, and work

begun upon it. Some hundreds of pages have alrtady been ])rinted,

and it is hoped that the whole will be completed in the course of 18S1.

Smithsonian Annual Report.—In consequence of the delay at the Gov-

ernment Printing Office, referred to in the last report, the Report for

1878 was not ready for distribution until March of the past year. Being

the first issued after the death of the late Secretary of the Institution,

Professor Henry, it was deemed proper to devote considerable of its space

to a presentation of his life and scientific work. For this purpose, the

biographical memoir prejjared, at the request of the Board of Regents, by

Dr. Asa Gray was appended to the Proceedings of the Board, while in

the General Appendix were inserted the accounts of his researches on

sound with reference to fog-signaling—his latest scientific work—re-

printed from the several reports of the Light-House Board, in which they

originally appeared, the whole being arranged in a connected article.

With the same view, also, an article prepared by W. B. Taylor on Prof.

Henry's connection with the telegraph was inserted, presenting his, as

yet, imperfectly recognized contributions to the scientific basis of that

invention. •

The other articles in the Appendix are : Accounts of explorations in

Greenland by L. Kumlien, and in the Caribbee Islands by F. A. Ober;

a table of some x)hysical constants by J. Le Conte—a contribution to the

proposed collection of all the constants of IS'ature and Art; an account

of some experiments on the effect of irritation of a sensitive nerve by B.

F. Lautenbach; translations of Arago's biography of Condorcet, and of

Favre's biographical notice of Agassizj an abstract of the results of the

researches on Fever, made, with the cooperation of the Institution, by
Dr. H. C. Wood; and a republication of a list of the apparatus in various

institutions in the United States available for scientific research. The
whole forms a volume of 575 pages with 12 illustrations.

A number of ethnological articles, intended for this report, were un-

avoidably thrown over to the next.

The report for 1879 was presented to Congress on the 10th of March,

1880, and an edition of 15,500 copies were ordered, 2,500 for the

use of the Senate, 0,000 for the use of the House of Representatives, and
7,000 for the Institution. It is again a matter of regret that the publi-

cation of this work has been so long delayed. The amount of work or-

dered to be done at the Public Printing Office is enormous and increases

every year, while the facilities for doing it remain very much the same.

As an evidence of the increase of work in this office, the Public Printer
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states that the number of blanks printed during the fiscal year ending

June 30, 1880, exceeded those printed during the previous year by

25,000,000. The number of copies of unfinished works on December 1,

1880, ordered by Cougress was 922,107. It is absolutely impossible to

satisfy all the requirements of the Departments and of Congress in a

reasonable time, and unfortunately the Smithsonian report is delayed

much beyond the desire and intention of the Institution.

In this report an unusually large space of the Appendix is devoted

to anthropology—all but four of the papers, in fiict, coming under that

head. This was due, in part, to the increased attention given to that

branch of science within the past few years, and in part to the fact that

the ethnological articles prepared for the report of 1878 were unavoid-

ably thrown over to this.

The full list of titles comprises : A study of the savage weapons at

the Centennial Exhibition, by E.H. Knight; reports of American obser-

vatories, prepared byE. S. Holden from the answers to the Smithsonian

circular asking for information in regard to the equipment and oi)era-

tions of the observatories in the United States; translations of Pisko's

lecture on the present fundamental principles of physics; of Baumhauer's

account of his i^roposed universal meteorograph for detached observa-

tories ; and of Worsaae's statement of the measures taken for the pres-

ervation of antiquities and national monuments in Denmark ; abstracts

of replies to the Smithsonian archaeological circular; and a statement

of the anthropological investigations pursued in 1879, both prepared by

Otis T. Mason ; an Index to the Papers on Anthropology, published by

the Smithsonian Institution from 1847 to 1878, prepared by George H.

Boehmer, and the following papers on local ethnology and anthropology

:

The French Half-Breeds of the Northwest, by V. Havard ; Prehistoric

Remains in Montana, between Fort Ellis and the Yellowstone River, by

P. W. Norris ; the Shoshonee or Snake Indians, their religion, super-

stitions, and manners, by Albert G. Brackett ; Ruins in White River

Canon, Pima County, Arizona, by R. T. Burr; Mounds in Winnebago

County, Wisconsin, by Thomas Armstrong; Mounds near Quincy, 111.,

and in Wisconsin, by William Gilbert Anderson ; ]S"otes on some of

the principal mounds in the Des Moines Valley, by Samuel B. Evans;

Composition of ancient pottery, found near the mouth of Chequest

Creek, at Pittsburg, on the Des Moines River, by Robert N. and Charles

L. Dahlberg; Prehistoric evidences in Missouri, by G. C. Broadhead;

Mounds in Franklin County, Indiana, by Edgar R. Quick ;
Mounds and

earthworks of Rush County, Indiana, by F. Jackman ;
Primitive man-

ufacture of spear and arrow points along the line of the Savannah

River, by Charles C. Jones, jr.; Mica beds in Alabama, by William

Gesner; Mounds in Washington County, Mississippi, by James Hough;

Mounds in Morehouse Parish, Louisiana, by Benjamin H. Brodnax

;

Wampum belts of the Six I^ations, by W. M. Beauchamp ; Indian relics

from Schoharie, N. Y.,by Frank D. Andrews; Preliminary Explorations
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among Indian mounds in Southern Florida, by S. T. Walker ; Eeport on

the shell-heaps of Tampa Bay, Florida, by S. T. Walker; and Mounds on

Gideon's farm, near Excelsior, Hennepin County, Minnesota, by Frank
H. Nutter.

The whole forms a volume of 631 pages, with 205 illustrations.

Of the documents published annually by the United States Govern-

ment, those of the Agricultural Department and of the Smithsonian

Institution are most in demand, as furnishing general information,

much sought after by various classes of the community. There is no

person of general literary or scientific taste who does not find in the

Smithsonian Reports something of interest, especially in the copious

store of archaeological information and the statements of the present

condition and progress of science. The demand for tne Smithsonian

Reports has been responded to by the publication of quite large editions

and the occasional reprints from the authoiized stereotype plates. It

has been found, however, impossible of late years to meet the demands
in the increasing amount of interest manifested by the growing popula-

tion of the United States ; and although a liberal edition is published by
Congress, of which about G,oOO have been assigned to the Institution

for years, copies of the Report for 1877 are entirely exhausted.

Fully realizing this fact, Senator Hamlin, a Regent of the Institution,

introduced a resolution providing for the increase of the printing of the

number of copies to 15,500, of which 7,000 were to be distributed to

the Institution. This resolution became a law, and it is hoped that

the demand for the volume for 1870 now about being delivered by the

Public Printer will be met.

The series of the stereotype plates of the volumes begins with 1862,

and it is proposed to make apphcation to Congress for the printing of a

small edition of the volumes extending from that year to 1878, inclu-

sive, so that sets can be furnished to the many new public libraries

which have made their appearance within the last few years.

NATIONAL MUSEUM.

The reasons for asking Congress for a museum building of suitable

magnitude, and the steps by which this end was accomplished, have been
duly presented in the preceding reports. I am happy to announce at

the iDresent time that the edifice has been substantially completed, and
that preparations are being made to occupy it. In the accompanying
report of the architect of the building commission all the necessary de-

tails of the plan, cost, &c., will be found.

The magnitude of the edifice, and the complexity of the organization

necessary to fully occupy it, it is expected will require a considerable

time, but it is hoped that the work will be complete by the end of the

year 1881, and that the establishment will thereafter be in full tide of

success.
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AS has already been explained, tUe new museum is not intended

simdy for the exhibition of objects of natural history, the contro Img

iZ be ng rather that of an ethnological exhibit, espemlly to mclude

ilustrattons of the applications of objects belonging to the a,un,a
,
veg-

e ab e and mineral kingdoms, and the requirements or luxunes of man

To this J^,d the collections made by the Smithsonian Iust.tnt,on and the

Un ted Stltes Fish Commission, for exhibition at the Centenmal Expo-

sitTou of 1870, and the Berlin International Fishery Expositmn of 1.80,

come admirably into play, and constitute thebasis of the matenal.wh.ch,

ho-.™ver, has been largely increased from other sources.

If is nmnosed to devote one-fonrth of the space, about 25,001) square

feet,ran mnstration of the mineral resources, in the form of budd.ng

stones ores, combustibles, clays, pigments, &c.

Another fourth of the budding will be taken up by dlustrations of

thf anll::^ industries, with representatives of the o"^^^'^^^'^^^

or papier-mache casts, of the principal animals used for food oi otheT

iroseTby man, together with all the various apparatus by which

the are pursued, captured, and ntdized ; then the results of the man.p-

da ioTmid Uso illustratiolis of the methods by which animals are pro-

tect^ i. multiplied; this conttning itself principally to an exhibition in

rnnection witl the' artittcial propagation of fishes and other aquatic

"Tportion of the building wdl be filled by the display of otbe-l-ial

objects, including the materm ^eMca, foods, paints, and djes of all

"trth'e purely ethnological collections, or such as relate to the savage

or semi cWlized races of modern times, space will be provided tor in

this bi iUhnrand a small area assigned to the exhibition of mounted

m— and osteological specimens. Fuller details of arrangement

will hf» reserved for the next report.

The ~ion of the scope of the National Museum of course in-

vohes an enlarged force, and the engagement of several specialists t»

latcCge of their respective departments. This has been deferred

""in vfew of the large number of cases required in this building-not

less throne thousa^ndin all-the selection of suitable I''- and mode

of construction has been a matter of great importance, and we have

^corf nglv endeavored to obtain all possible information a. to methods

:^ : oL ement in foreign and home museums. Professor Agas - ^a^

kindlv supplied working drawings of the newer cases of the Museum

0^0LSc Zoologyl and the authorities of S-th Ke-ng^^^^^^^^^^

the new British Museum, as well as those of the Eoya Musemn oi

Dresdel and other establishments, have rendered similar facdit es

MiG Brown Goode, the curator of the museum, during Jbe
per^d of

his action as commissioner to the BerUn International ^.^heiy Expos,

tton took occasion to visit all the principal museums in Germany, Italy,
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and Great Britain, and made himself familiar with the arrangements

prevalent therein. The result has been to supply many important ideas,

which will be carried out in connection with the new National Museum
at Washington.

In the necessary reorganization of the whole force of the museum, in

connection with the new departure, occasion was taken to reiterate and

enforce the rule which is adopted in most i)ublic museums through-

out the world, namely, that the officers connected with the museum
shall make no collections of any kind whatever for themselves

during the period of their connection with it. Although in most

cases a mere matter of form, it has been thought well to make such

a rule a condition of acceptance of a position and salary, as thereby

X:)reventing any misunderstanding and removing any danger of making
an oihcial position the means of j)romoting i)rivate interest. Persons

in charge of a collection have many opportunities of securing speci-

mens from visitors, who offer objects of more or less interest, and who
are sometimes inclined to give them to the officer rather than to the

collecLion.

Increase of the Museum.—The additions to the National Museum dur-

ing the year 1880 have been fully up to the average, indeed scarcely

inferior to those of any previous year, with the exception of that of the

Centennial Exhibition at Philadelphia. The collections of marine

animals, especially fishes and invertebrates from the Atlantic and Pacific

coasts of the United States, far exceed in value and extent those ever

before obtained. The most important sources of suj^ply have been (1)

the collections of the United States Fish Commission, made on the

south coast of New England, and of the Gloucester fishermen, obtained

for the most part olf the eastern banks, and transmitted through the

commission; (li) the collections made by Profs. D. S. Jordan and Charles

H. Gilbert, of fishes and invetebrates, between San Diego and Puget
Sounds; (3) the collections of Dr. T. H, Bean and Mr. William H. Dall

in Alaskan w.iters of the North Pacific and in the Arctic Ocean
; (4)

collections of marine animals made by Dr. White, Surgeon of the United

States revenue steamer Corwin, and by Cjiptain Hooper commanding

;

(5) the general ethnological and zoological collections of Mr. E. H.

Nelson, of the United States Signal Service; (G) collection of archaeo-

logical objects made by Mr. James Stevenson, assisted by Mr. F. G. Gal-

braith. While, however, these are the most noteworthy there are many
others of great interest that will be referred to hereafter. The catalogue

of donations accompanying the report will give fuller details on this

subject, bearing in mind that no small number of contributions have

been received without indications of their origin, so that it becomes imijos-

sible to make the proper acknowledgments to their contributors.

The regions covered by these contributions relate almost exclusively

to North America, a few collections only coming from Mexico or the
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West Indies ; and a still smaller number from the rest of the world. A
number of very important series of fishes was obtained by Mr. Goode at

the Berlin Fishery Exposition, but as they have not been unpacked and

arranged, reference to them will be deferred until the next report.

Alaska, as the least known portion of North America, and the one pre-

senting the most numerous problems of interest, received special atten-

tion during the year, and the amount of material gained has been pro-

I)ortionally great.

Mr. E. W. Nelson, observer of the signal office at Saint Michaels, has

continued his most important transmissions covering all branches of

scientific inquiry; among these the most specially noteworthy is the

collection of ethnological materials, illustrating the manners and customs

of the living Esquimaux of the region, as well as much of prehistoric

antiquity. Mr. Nelson has already sent in about G,000 pieces of authro-

l>ological matter. His collections of mammals, birds, &c., have been

of very great importance.

Under orders from Captain Patterson, of the Coast and Geodetic Sur-

vey, Mr. Dall, assistant of the Coast Survey, made a second visit to the

Alaskan seas in the schooner Yulcon, originally built under his direction

for the service. By permission of Captain Patterson, seconded by the

invitation of Mr. Dall, Dr. T. H. Bean was detailed to accompany the

exjiedition for the purpose of investigating especially the fish and fish

eries of the northern waters.

The vessel left San Francisco in April, 1880, and touching at various

points passed into the Arctic Ocean, w-here quite an extended cruise

was prosecuted in the interest of the survey. It returned to San Fran-

cisco in November, 1880, and the collections of specimens, in forty-fiA^e

packages, were received not long after in Washington. These embrace

very large numbers of ethnological and archaeological objects, speci-

mens of birds, fishes, invertebrates, and other articles of great interest,

to some of which further reference will be made.

No collections were received this year from Mr. Lucien Turner, super-

intendent of the volunteer stations of the Signal Service of the Aleu-

tian Islands. Large gatherings, however, have been made by him

which will be due during the year 1881.

Mr. James G. Swan, of Neah Bay, Puget Sound, has continued his

valuable contributions to the National Museum, which have now ex-

tended over a period of many years. Being especially interested in

ethnology, specimens belonging to that branch were particularly at-

tended to, while many fishes also have been forwarded.

Commander L. A. Beardslee, of the Jamestown^ stationed at Sitka,

Alaska, has also made many contributions of birds and ethnological

objects.

A most important and extended exploration of the Pacific coast was

that conducted by Prof. D. S. Jordan, assisted by Charles H. Gilbert.

Professor Jordan was detailed by Mr. Goode, in charge of the fishery
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brancli of the census of 1880, to obtain all the procurable information

in regard to fishery of the western coast; and leaving Washington in

December, 1879, after spending some time in San Francisco he proceeded

to San Die^o and thence by successive stages to Puget Sound, his work
there overlapping and uniting with that of Mr. Swan. In this work he

embraced the opportunity of making extensive collections of alcoholic

specimens, of which no less than 65 large cans were transmitted. These
contain about 200 species of fishes, a number of them new to science,

and for the most part in sufficient numbers to supply many institutions

with duplicates, and to transmit desirable ex(;hanges abroad.

The revenue steamer Corwin, on her usual cruise in the seas of Northern
Alaska, during 1879, was accompanied by Dr. E. White, of the Marine
Hospital Service, and a trained, ardent naturalist. Many important col-

lections were made by Dr. White, especially of seals, including many
foetuses, birds, and fishes. His specimens were received in the early

part of the year, and submitted for examination to various experts. I

regret extremely to have to report the untimely death of Dr. White,
partly from exposure in the service. In a second cruise of the Coricin

in the l!^orth Pacific and Arctic Ocean, in 1880, Captain Hooper made
another collection of great interest, including a series of fossil boues from
Kotzebue Sound.

Mr. Belding, of Stockton, Cal., has furnished some interesting objects

from the iuterior of the State. The most important contributions, how-
ever, from the inland portion of the Pacific region have been those

supplied by Capt. Charles Bendire, of the First United States Cavalry,

an officer the value of whose services in the development of a knowledge
of the natural history of the West can scarcely be overestimated. For
many years, while stationed at military posts, he has been occupied in

securing eggs, nests, and birds, and other objects, and placing the infor-

mation and material thus gained in the hands of correspondents and
scientific specialists throughout the country. This service to science has

not involved any interference with his duties as an officer, his military

record being a brilliant one. Some months of the year 1880 were occu-

pied by Captain Bendire in the investigations of certain vexed questions

connected with the salmonidae of Oregon and Washington Territory.

Leaving with a small party of men he visited numerous localities and
brought in a series of fishes, which, when fully examined, will enable us

to solve many problems in regard to them. Many other specimens, as

birds, &c., were obtained by Captain Bendire and transmitted to Wash-
ington.

Arizona has been represented by collections of living reptiles, fur-

nished by Dr. Corson and Dr. Moran, of the United States Army, as

also by a series of plants from Colonel Burr.

The contributions from Kew Mexico have been extremely important,

consisting, first, of a series, in 1879, of specimens gathered by Mr. James
Stevenson, with the assistance of Mr. Frank H. Cushing; and, secondly,
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of a series gathered by Mr. Stevenson in 1880, assisted by Mr. Galbraitli.

These explorations were under the immediate direction of Maj. J. W.
Powell, in charge of the Smithsonian Bureau of Ethnology ;

their special

object being the acquisition of a complete series of objects illustrating

the manners and customs of the ))ueblo towns of New Mexico and Ari-

zona. The investigation was carried from village to village, and about

one-half of the articles have been thoroughly worked up. The collection

embraces animmense quantity of pottery, of stone implements, dresses, or-

naments, &c. Mr. Hillers, a competent photographer, accompanied both

expeditions and obtained a large number of photographs, as also the

measurements of various Indian towns, both occupied and abandoned,

to serve as materials for a series of models.

Dr. J. 0. Merrill, of the United States Army, has sent in a valuable

general collection from Fort Shaw and Montana.

Mr. Charles Eusby has also sent in some rare mammals from Wyoming
Territory.

The collections from Florida have been very extensive and valuable-

These consist, in part, of large numbers of fishes, furnished by Mr. Silas

Stearns, of Pensacola, while in the employ of the fishery branch of the

United States census and subsequently ; and Mr. S. T. Walker, who, in

addition to fishes and reptiles, has sent large numbers of objects obtained

from the Indian mounds. From Mr. James Bell, of Gainesville, have

also been received valuable collection of ethnological objects and of liv-

ing reptiles, including many specimens of serpents of unusual size, which

have served to swell the series of plaster casts exhibited in the National

Museum.
The Atlantic coast of Florida and other Southern States is well repre-

sented by collections of fishes by Mr. E. E. Earll and Prof. M. JMcDon-

ald, of the fishery census department. From, or through, Mr. C. C. Les-

lie, an extensive and well-known fish dealer of Charleston, have also

been received many rare and some undescribed species of fishes.

The operations of the United States Fish Commission have furnished

a large nuijiber of objects from the middle coast of the United States,

especially from the line of the Gulf Stream south of New England.

Further reference to this will be made under the special head of the

Operations of the United States Fish Commission. The receipts through

the Commission include, also, large numbers of specimens obtained by

the Gloucester fishing fleet, and which is furnished in an alphabetical

record of the donors.

The ornithology of the peninsula of Virginia in the vicinity of Cobb's

Island has been well investigated by Mr. Eobert Eidgway, Mr. Henry

Marshall, and Mr. P. Jouy, all connected with the National Museum.

Many interesting birds, with their eggs, and of the youug in downy

plumage, were secured in good condition for mounting.

On the western coast of Mexico, and especially in the Gulf of Cali-

fornia, Mr. Charles H. Gilbert, after completing his census work on the

S. Mis. 31 4
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California coast, made large collections of fishes for the National

Museum. Not much else has been received from Mexico beyond some

contributions from its National Museum, through the director, Mr. G.

Mendosa, and some interesting objects from Prof. A. Duges, of Guan-

axuato.

Previous reports have contained an account of the important services

of Mr. P. A. Ober in his natural history explorations in the West Indies.

This gentleman has renewed his work in that region in visiting a num-

ber of islands previously unexi)lored by him, and in sending the material

results to the Institution. The National Museum now, by his assistance,

contains by far the most complete collections of the birds of the West
Indies in existence.

Dr. n. H. Nicholls, of Dominica, W. I., has also made some valuable

contributions, including a large and undescribed sijecies of parrot, named
by Mr. Lawrence Chrysotis nichollsii. The collections from Dr. NichoUs

include, also, some very interesting fishes, &c. Prom Mr. L. Guesde

has been received a series of excellently painted illustrations of Oarib

antiquities in his j)ossession, or accessible to him on the island. These

it is proposed to reproduce in a memoir to be published by the Institu-

tion.

Mr. Pidward Newton, colonial secretary of Jamaica, has favored the

Institution with several specimens of living boas, to be reproduced in

plaster. Professor Poey, the eminent naturalist of Havana, has also

sent living reptiles, together with a number of fishes,—types of his elab-

orate papers.

South America is mainly reiiresented by the contributions of Mr.

Pigyelmesy, United States consul at Demarara. This collection con-

sists of ethnological objects, including a large boat, such as is used by
the natives.

As already stated, the collections from Europe have been principally

series of fishes obtained for the most part by Mr. Goode at the Pishery

Exposition in Berlin, and furnished in exchange for series of fishes, &c.,

carried from Washington for the purpose.

Some desirable specimens of native handiwork from Western Africa

have been forwarded by Mr. Smythe, the United States minister at

Liberia.

Haviiig thus given a brief sketch of the principal regions illustrated

by the collections transmitted during the year 1880 to the National

Museum, a reference to the objects themselves in their systematic order

may not be amiss.

Mention has already been made of a large number of general collec-

tions from different localities; that is to say, transmissions embracing

more than one particular group of objects. The most imjjortant of these

were received from Alaska, Florida, and New Mexico, although many of

more or less imi)ortance came from other regions. In later years the col-

lections most attractive to visitors in a x^ublic museum have been
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those illustrating the character and mode of life of the various portions

of the human race, more especially of those whose existence on the

globe dates back to a greater or less period in the remote past ; and

it is in this direction that the National Museum may claim a special

importance so far as ]!^orth America is concerned. With the exception of

fishes, the larger number of objects received relate to archaeology and

ethnology. A prominent collection of this character is that transmitted

by Mr. E. W. ]S"elson from Saint Michaels. This embraces illustrations

of the handiwork of the Esquimaux of a large portion of Northwestern

Alaska, gathered in the journeys made by Mr. Nelson under great risks

and privations. They include objects of special interest in the way of

modern carvings of bone and stone, as well as many purely i^rehistoric

articles obtained from old Esquimaux settlements, long since aban-

doned. Mr. Nelson's return is expected in a year or two, and he will

then devote himself especially to the preparation of a series of elaborate

reports on these and other researches.

Scarcely inferior in interest and value are the ethnological collections

made by Dr. T. H. Bean and Mr. William H. Dall, on the voyage of the

United States schooner Yukon, to which reference has been made in

previous pages. These were gathered at points of the cruise of the

vessel on her journey from Sitka and various landing places of the

North Pacific and the Arctic Oceans. '

Captain Beardslee, of the Navy, has also furnished some valuable

additions to the Alaskan series.

The collections made, under the direction of Maj. J. W. Powell, by

Mr. James Stevenson, wiih the assistance, first, of Mr. Frank H. Gush-

ing, and, second, by Mr. Galbraith, constitute enormous additions of

material to the National Museum^ illustrating the character of the pueblo

tribes of New Mexico. They embrace many thousands of specimens of

pottery, dresses, ornaments, weapons, &c.

For further information in regard to the smaller collections in anthro-

pology, reference may be made to the alphabetical index of donors. Of

special note, however, among these, are some objects of stone collected

by Judge Henderson from the Naples mound in Illinois.

From Don Ignacio Galendo, of Monterey, was received an ancient

mummy from a cave in Coahuila. A stone image from Mr. Latimer, of

Porto Eico, constitutes an important addition to the collection of Porto

Eican antiquities bequeathed to the Smithsonian some years ago by Mr.

George Latimer, his uncle.

Mr. Figyelmesy, of Demarara, has sent some interesting objects, con-

sisting of an Indian boat, some Indian pottery, &c.

Of mammals, the most important contribution is that of a large series

of fossil bones (including some reptiles) from Capt. E. Crawford, U. S.

A. These, at his request, have been i)laced at the command of Pro-

fessor Marsh for investigation.

A fine skull of the fossil beaver {Castoroides) was obtained by ex-

change from Professor Kost, of Adrian CoUege.
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An extremely important addition to the collection of North American

mammals is that of two good, mountable skins of the Histriophoca

equestris, or parti-colored seal of the North Pacific, of which only a

tanned skin had been previously in possession of the Museum. These

were obtained through the instrumpcntality of Mr. Dall.

Dr. White, of the Revenue Marine, obtained many specimens of far

Aeals, including several embryos in alcohol. The Alaska Commercial

Company also supplied a similar collection. Judge Caton, of Illinois,

so well known for his great work on the ruminating animals of North

America, has furnished a specimen of Hydropotes inermis^ a small horn-

less deer belonging to China.

Captain Howgate has presented two full blooded Esquimaux dogs,

which have been sent to the Zoological Garden in Philadelphia for safe

keeping. From the garden itself has been ol»taiued a series of skele-

tons of monkeys that had died in the garden. An embryo porpoise

from Mr. E. E. Small, of Proviucetown, is also highly valued.

Of hirds^ many collections have been received, the most important

being the Alaskan series from MT. Nelson, Dr. Bean, and Captain

Beardslee. Captain Bendire has furnished some much-appreciated

skins from Washington Territory 5 and a series of the birds of Cali-

fornia, from Mr. L. Belding, of Stockton, has filled some important gaps

in the collections.

During the summer Mr. Eidgway, curator of ornithology in the Insti-

tution, accompanied by Mr. Henry Marshall, taxidermist, and followed

subsequently by Mr. P. Jouy, an assistant in the IMuseum, visited Cobb's

Island on the peninsula of Eastern Virginia, and obtained a series of

adults and young of a number of water birds from the remarkable breed-

ing grounds of that island.

A few specimens of Barrow's Golden "eyed duck, in the flesh, were

furnished by Mr. G. A. Boardman.

The barnacle goose {Beriiicla leucopsis), presented by Mr. J. J. Kendall,

of New York, is the first specimen of that species obtained by the

Museum from a locality within the limits of the United States, although

a skin was received several years ago from Hudson's Bay.

A finely-mounted specimen of the trumpeter swan, killed in Wiscon-

sin, was furnished by Prof. T. Kumlien, and a mounted sand hiU crane

by Mr. Prouty.

The accessions of birds from Mexico and Central America were

fewer than usual, although some interesting Mexican specimens were

furnished by Professor Duges.

An important addition to the West Indian collections was made by
Dr. Nicholls, of Dominica, in the form of a new and large species of

parrot. This, as j)reviously stated, has been described by Mr. Law-
rence as Chrysotis nichollsii. Mr. Ober, in a renewed visit to the West
Indies, also added considerably to his former gatherings from islands

previously unvisited by him. The first series of his collections was
obtained by the Institution and placed in the National Museum.
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The additions of reptiles^ althoiigli not very extensive, have been very

imi^ortant, especially in the way of living specimens to serve as models

for a series of plaster casts. Among these were living Gila monsters

{Hcloderma snspectum), from Dr. Corson and Dr. Moran, of the United

States Army, together with some tnrtles and lizards.

A living leather back turtle was sent from York Eiver, Chesapeake
Bay, by Mr. J. Henderson. Mr. Bell, of Gainesville, Fla., transmitted

a magnificent series of most of the serpents of that State; among them
a bandednt-attlesnake, nearly seven feet in length. These have been for

the most i)art cast in plaster. Some of them were supplied to Dr. Mason,

of ^N'ewport, for examination and to serve as material for microscopical

investigations of the tissue of the brain and spinal marrow.

Living boas were furnished by Mr. Edward Newton, of Jamaica, and
Professor Poey, of Havana, the latter gentleman sending also some
living species of lizards and snakes.

Fishes.—As might be imagined from the activity manifested during

the year by the United States Fish Commission, and the fish census of

1880, the collection of fishes has received great additions, no previous

year in the history of the National Museum comiiaring with it in this

respect. The most important contributions in this department consisted

of the collections by Prof. D. S. Jordan and Mr. Charles H. Gilbert, of

the fishery census. These gentlemen devoted a number of months dur-

ing the year to the systematic investigation of the food-fishes of the

western coast of the United States, and traversed the whole region from

San Diego to Puget Sound in their researches. The results filled 65

large tin cans, of 4 to 6 cubic feet each. About 2G0 species in all were
obtained, many of them new to science. Seventy duplicate sets of

specimens were secured for distribution to the principal museums, at

home and abroad, and will be promptly transmitted to their respective

destinations.

Mr. Gilbert, after completing his work on the California coast, started

on his homeward journey by way of the Isthmus of Panama, and has

already made very large collections in the Gulf of California.

Mr. James G. Swan, of Neah Bay, Puget Sound, also obtained and
transmitted many specimens of fishes of that "locality. The American
waters farther to the north were thoroughly explored in the interest of

ichthyology by Dr. T. H. Bean. The results amounted to between SO

and 100 species, some of them new to science, and others, long lost spe-

cies, of Pallas, &c.

Captain Hooper, of the revenue cutter CortciHy also transmitted some

valuable collections from the Arctic Ocean, among them a species of

Coregonus from Point Barrow.

Commander Beardslee, of the sloop of war Jamestoion stationed at

Sitka, secured a number of desirable species. One of the most interest-

ing collections of the year was that made by Captain Bendire in the

interior waters of Washington Territory, in the course of a journey
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instituted by liim, witli the permission of the War Department, for the

purpose of solving certain iiroblems connected with the fishes of the

Cokimbia Eiver and other waters, and especially the red fish of the

Wallowa Lake. His collections are now in the Museum, and will be

duly reported upon at the proper time.

A number of collections of fresh-water fishes from the interior of the

continent, especially from Utah, were furnished by Mr. G. K. Gilbert,

&C. A collection of Mississippi Valley fishes, from Prof. O. P. Hay, is

also highly prized.

The fishes of the Gulf of Mexico were furnished in large numbers dur-

ing the year by Mr. Silas Stearns, of Pensacola, and Mr. S. T. Walker,

many of them undescribed species.

The South Atlantic coast is represented by some very valuable speci-

mens obtained by Mr. C. 0. Leslie, a fish-dealer of Charleston, who has

previously placed the Institution under many similar obligations. He
was also instrumental in securing a number of collections made from the

outer islands or banks of the southern coast.

Mr. R. E. Earll and Col. M. McDonald, of the fishery census, have
also made and transmitted many extremely interesting collections, all

tending very greatly to complete the east coast species.

The iirst specimens of the eagle ray, sometimes called the devil fish,

obtained by the Institution were furnished hy Lieutenant Sweitzer, U.
S. A. This species sometimes obtains an enormous magnitude, reach-

ing 20 or even 25 feet across the fins.

As a regular contributor, Mr. E. G. Blackford, of Fulton Market, Xew
York, has continued to furnish some very desirable species, his vigilance

being constantly exercised to obtain whatever he thinks is new, and to

forward it to the Institution.

The collections made by the United States Fish Commission, in its coast

explorations during the year, have been of unusual value, no less than

20 undescribed species of deep-sea fish having been taken during the

summer, with others not previously obtained, but already known.
^Vs usual a large number of rare,*and some new, species were obtained

from the members of the Gloucester fishing fleet, through the instru-

mentality of Mr. A. Hoy^ard Clark, of the Fish Commission, stationed

at Gloucester. The most noteworthy additions to the Museum resulted

from the work by the Fish Hawl; on the edge of the Gulf Stream, where
four day's work furnished 20 new fishes and over 150 species of mol-

lusks, of which about 40 were new to science. Other invertebrates of

interest were supplied by the Gloucester fishermen, and a number of

desirable species were obtained by Professor Jordan, Mr. Swan, Captain

Bcardslee, and Messrs. Bean and Dall from the Pacific coast.

Among interesting illustrations of the progress and results of the fish-

cultural oj^erations of the country received during the year have been

several species of salmonida?, sent in by Mr. Stone from the McCloud
Biver. Mr. X. K. Fairbanks has furnished a specimen of California
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salmon, caught in Geneva Lake during the summer, weighing about 10
pounds, this being undoubtedly one of the young fish introduced into

that lake some years before, hatched from eggs supplied by the United
States Fish Commission from the McCloud Eiver establishment.

Another important specimen was that of a carp, from Mr. G. B. Mob-
ley, of Texas. This fish was one of a sending into Texas by the United
States Fish Commission in April, 1880, at which time it was about 4

inches long and probably weighed but little over an ounce. Eight
months after it was brought back from Texas to Washington, measur-
ing 21 inches and weighing more than four pounds ! a very remarkable
illustration of the rapidity of the growth of this fish in America.

The acquisition, through the instrumentality of Mr. E. W. Denuison,
of Boston, of a large brook trout was also a subject of interest, this fish

weighing more than 11 pounds and being one of the largest of the kind
ever taken within the limits of the United States.

Of exotic fishes the most important are several series of European
species, obtained by Mr. Goode at Berlin and from his colleagues at the

International Fishery Exhibition.

Eefereuce to these will be found on another page.

A collection of fishes made some years since at Beyrout, in Syria, by
Dr. Kidder, of the Navy, was received last year, in good condition.

Professor Poey has continued his contributions of tyi)e species from the

Cuban waters.

A valuable miscellaneous series of fishes was supplied by the Museum
of Comparative Zoology of Cambridge, embracing species from both

North and South America.

Mr. Vinal Edwards, of Wood's Holl, an agent of the United States

Fish Commission, has also continued his services in the constant watch

for rare stragglers.

In the preparation of the exhibit by the United States at the Inter-

national Fishery Exhibit at Berlin in 1880, invitations were sent to many
firms for contributions of specimens. These were quite readily complied

with. Purchases were made from other parties who declined to contrib-

ute, and who consequently lost the opportunity of competition. A
special catalogue will be furnished of this series. The collections, for

the most part, have been brought back to Washington, to form part of

the exhibit of fishery products in the new jSTational Museum.
Shells.—One of the most im^iortant additions to the collections of the

National Museum during the year has resulted from the presentation by

Mr. W. G. Biuney of his entire collection of American Land Shells. The
history of this division of the moUusca, so far as North America is con-

cerned, is closely connected with the name, Mr. Amos Binney, father of

William G. Binney, having devoted especial attention to the air-breath-

ing land shells, and published a very elaborate and costly work on the

subject. The son took up the same ^roup with the material left by Dr.

Binney, and has devoted many years of an active and hiborious scien-
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tific career to it. In the collection received from Mr. William G. Binney

are to be found the types of both these series of researches, furnishing

a collection scarcely equalled, certainly not surpassed, by that of any

other museum in the country.

The possession by a public museum of such a type collection as

Mr. Binuey's is always considered a matter of very great importance,

especially as the objects are thereby more assured of continued preser-

vation and ready accessibility to students. It is to be hoped that ad-

ditional donations of the same character may be made from time to

time, as no better depository can be found in any other establishment.

FlanU.—As the Department of Agriculture has the special charge of

the investigations relating to the vegetable kingdom, and is supposed to

take the necessary steps towards securing representations in its her-

barium, no special effort is made by the Smithsonian Institution to invite

or secure contributions, although whatever is received is immediately

transferred to that establishment. The only accession of importance

during the year is that of a series of plants of Japan, contributed by the

Mombusho or educational department of Tokio.

Fossils.—Of fossil remains large collections of invertebrates have been

deposited by Capt. Geo. M. Wheeler, and others have been presented

by Mr. B. H. Lyon and other paleontologists.

Minerals.—Many valuable mineral collections have been received from

various sources, for the most part illustrating economical geology rather

than geology proper. The largest collection has been that of eight boxes

collected by Mr. Thomas Donaldson. Mr. Anthony Pirz has furnished

two magniticent stalactites from the Adelsberg cave in Carniola.

Paintings.—Among the collections which will form part of the objects

in the National Museum, a very interesting and instructive exhibit will

consist of the Indian portraits and scenes painted by the late George

Catlin. These pictures, all from living subjects and of great merit as

faithful portraitures of aboriginal life and manners, were presented

to the Institution in 1879, by Mrs. Harrison, of Philadelphia-, but

the paintings have necessarily been stored since their receipt, await-

ing the completion of the new Museum. They had also been stored in

ware-rooms in Philadelphia for many years, so that to preserve and
present them in a suitable manner with frames, &c., will require con-

siderable expenditure.

Miscellanea.—The institution is under many obligations to General

Meigs for the presentation of medallion likenesses in plaster, of the size

of life, of George Washington, Abraham Lincoln, W. F. Seward, and Sal-

mon P. Chase, which were prepared for use in the extension of the

U. S. Capitol building. As works of art, as well as hkeuesses of

eminent citizens, they are regarded as of much value and will be care-

fully- preserved in the historical and art department of the National

Museum.
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WorTc done in the Museum.—As in previous years, the time of the sev-

eral curators of the Museum aud of their assistants has been, to a great

de-ree, occupied in receiving the collections coming fi^om various sources,

doing to them what is necessary for their permanent preservation, en-

tering them in the record-books, properly labelling them, and then plac-

ing them in their appropriate receptacles.

The magnitude of this labor may be easily understood from what has

been said of the increase of the Museum during the year, no single

establishment in the United States, nor, perhaps, in the world, being in

receipt of so great a number of objects requiring such treatment. In

most establishments where a large amount of material is received

from time to time, this comes, for the most part, by purchase or dona-

tion, the several collections having already passed under the hands ot

the taxidermist or specialist, so that all that remains is to properly place

fhe matter in a position for permanent preservation. The aggressive

campaign, carried on directly or indirectly by the Smithsonian Institu-

tion in unoccupied fields of research, involves a greater amount of labor

in treating the spoils of conquest. A statement of the general circum-

stances attendant upon the transmission of a miscellaneous collection ot

specimens may perhaps serve as an illustration of what is here stated.

Thus an explorer in the field announces that he has transmitted a cer-

tain collection from a given locality to the Institution. An entry is

made of the fact in what is called the announcement book, which is

ruled in columns to show successively the date of announcement, the

name of the sender, his address, the point from which the sending is

made, the general nature of the transmission, the agent to or through

whom forwarded, and the mode of conveyance. There are then left

two blank columns, one indicating the date of the arrival, the other the

freight and other charges, which are filled up at the proper time. When

the package arrives the date is entered in the announcement book, and

an entry made in another volume (the transportation record), ihe col-

lection or object is then recorded in still another volume (accessions to

the Museum), and has affixed to it a" donation" number. Should there

be any letter or memorandum accompanying the parcel or consignment,

.vith luller details than simply the locality aud sender, it is transmitted

with the package to the general cm-ator, under whose direction the

latter is opened and the contents assorted. Mammals, birds, reptiles,

&c., are assigned respectively to the various curators, whose business it

is, if possible without delay of a single day, to enter the specimens

in the respective Museum registers, and to affix a number, as meflace-

able as possible, corresponding to the entry in what is called the Muse-

um Eegister.
. , ^ .^„+^ixr

At this stage it is not necessary that the specimen be accurately

identified and named, as it is supposed that this can at any time be

done by the specialist. Care, however, is exercised to make an entry

. of the donor, locality, date, and other facts of the history of the object
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that a simple inspection or study will not furnish. After this the various

articles are placed where they properly belong. Some, however, require

further treatment by the taxidermist or otherwise.

Should the specimens belong to the ethnological series, and be com-

I)Osed of animal substances, as of woolen material, fur, &c., they are care-

fully treated with a solution of corrosive sublimate in alcohol, so as to pre-

vent danger from insects, and finally i^laced in the cases where they be-

long, or packed away until they can be properly considered. Of course,

collections well dried, shells, minerals, fossils, &c., require little treat-

ment preliminary to their final disposition.

This Museum work, as already stated, occupies the greater part of the

time of the assistants, although most of them find the occasion and the

leisure to prepare critical monographs in regard to certain species, which

are then, for the most part, published in the Proceedings of the National

Museum.
The total number of entries in the record books of the Museum dur-

ing the year, as shown by the detailed list appended,' embraces 14,586

numbers, averaging probably four or five distinct objects to each entry.

Where a number of articles of the same general character, from the

same locality, are received from the same donor at the same time, the

same number may be aflQxed to all of them, as in the case of a collection

of shells, of fossils, of stone implements, «S:c. The total number of en-

tries and dates amounts to over a quarter of a million (actually-, 281,511),

and fill over GO large folio ledgers.

Among the more special investigations conducted by the naturalists

of the Institution, ujion which papers have been prepared, are those on

archeology, by Dr. Charles Kau; on fishes, by Mr. G. B. Goode, and Dr.

T. H. Bean ; on the birds, by Mr. Eobert Eidgway ; on the fossils, by
Dr. C. A. White. Dr. F. M. Endlich, before leaving for the West Indies,

and subsequently Dr. F. W. Taylor, made numerous examinations as

well as analyses of minerals.

Among investigations by collaborators not directly connected with the

Institution have been, those of Crustacea, by Profs. S. J. Smith, Oscar

Harger, and E. B. Wilson, of Yale College ; of mollusks, by Professor

Verrill and Mr. Sanderson Smith, of New York ; of radiates and worms,

by Professor Verrill; of reptiles, by Prof. E. D. Cope, of Philadelphia;

of fishes, by Mr. S. E. Garman, of Cambridge ; of birds, by Mr. George

N. Lawrence, of New York, Dr. Elliot Cones, and Mr. Henshaw; of

mammals, by J. A. Allen, of Cambridge, and Dr. Coues.

The more imi^ortant investigation in the marine invertebrates, how-

ever, has been made directly by Prof. A. E. Verrill, of Yale College, or

under his supervision. The insects have been transmitted to Prof. C.

V. Eiley and Professor Comstock, of the Department of Agriculture

;

the x>lants have been referred to the Department of Agriculture or to

Prof. Asa Gray, of Cambridge.

Worli done on collections.—For a number of years past the Smithsonian
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Institution has been in receipt of soundings taken by vessels of the

United States Navy in various parts of the world, and they have been
held in the hope of being able to make some definite arrangement for

disposing of them. As, however, there were no funds of the Smithson-

ian Institution or of the Xavy for meeting the cost of investigating

them and publishing the results, with the necessary illustrations, nothing

was done beyond i)lacing them in charge of Prof. Hamilton L. Smith, of

Geneva, N. Y., one of our best-known microscopists, and particularly

interested in the class of objects referred to.

During the explorations of the Challenger particular attention was
paid to the collecting of samples of the sea bottom, and on her return

to England this branch of research was placed in charge of Mr. J. Mur-
ray, and at the request of this gentleman, indorsed by Professor Smith,

the material in hand was sent to him to be elaborated in the prepara-

tion of the systematic work covering the entire field. This was with the

stipulation that a special report should be prepared upon the material

collected by the vessels of the Navy, to be published, if so desired, by
the Navy Department.

A very desirable arrangement has been made during the year by the

Institution in regard to the large collection of fossil plants brought in to

the National Museum by the explorations of Dr. Hayden. Major Powell,

Lieutenant Wheeler, &c., Prof. L. Lesquereux, of Columbus, Ohio,

having agreed to receive the collection in mass, to pick out a reserve

series for the Museum, and to bring all the duplicates of each species in

separate packages, so that sets can be readily made up for distribution

to the educational establishments and museums of the United States.

The material sent to Professor Lesquereux filled many boxes, and a

portion of the reserve has already been returned to the Institution,

although not yet unijacked for want of a place for its exhibition. The
work will be completed with the publication of a report as soon as cer-

tain memoirs, now in press, are published, and it becomes possible

to state the page and i^late where each type specimen is illustrated.

A part of the agreement with Professor Lesquereux is for the prepa-

ration of a complete check-list of the fossil plants of America, to include

Greenland and Alaska, to be used in connection with the proposed dis-

tribution of definite specimens and for the final arrangement of the

reserve series.

Dr. C. A. White has been engaged upon the examination, classifica-

tion, and registering of the paleontological collections, embracing those

which have for many years been in the possession of the Museum, as

well as those which have been more recently received, preparatory to

their final arrangement in the new building. This work of investigation

has embraced a more or less complete study of those forms which have

been found to be new to science or otherwise of especial interest, and
their publication and illustration in the Proceedings of the National

Museum j and also, incidentally, the separation and labeling of the dupli-
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cate specimens for exchange. All the invertebrate fossils at present in

the possession of the Museum have thus passed under a prehminary

examination by Dr. White.

Among the results of the investigation of the invertebrate fossils may
be mentioned the recognition of ProducUis giganteus Martin, in a collec-

tion obtained by the United States Fish Commission at McCloud Eiver,

Cal., which species was not previouslyknown to occur in American strata;

the recognition of StricMandinia salteri and 8. davidsoni Billings, among
some Upper Silurian fossils brought from Northern Georgia by Lieut.

A. W. Vodges, which two species had hitherto been found only in the

island of Anticosti.

As already stated, the fossil plants have been referred to Prof Leo

Lesquereux for classification, which work is now in progress and in

large part completed, the specimens as fast as they were labeled having

been returned to the Museum. The greater part of the vertebrate fos-

sils have not yet been investigated, but a considerable number of boxes

received from Capt. G. M. Wheeler, contain the types of vertebrate forms

which were described and figured by Professor Cope in Volume lY
Exj)lorations and Surveys west of the 100th i\Ieridian.

A large i)roportion of these paleontological collections, vertebrates

invertebrates, and plants, consists of the type specimens upon which

species and genera have been founded, and many other species and

genera are represented among these collections by authentic examples.

Among them are the types of the greater part of the species which

have been published in the reports of the different explorations and

surveys by authority of the general government, and by the Smithso-

nian Institution and National Museum.
The following is a list of the titles of the articles from the pen of Dr.

White, based on the museum collections, which have been published in

the Proceedings:

Descriptions of new species of invertebrate fossils.

Note on Endothyra ornata.

Note on Criocardium and Ethmocardium.

Descriptions of New Cretaceous Invertebrate Fossils from Kansas and
Texas.

Note on the Occurrence of Productus giganteus in California.

Note on Acrothele.

Description of a New Cretaceous Pinna from New IMexico.

Note on StricMandinia salteri and /S. davidsoni in Georgia.

Description of a very large Fossil Gasteropod from the State of Pueblo,

Mexico.

Descriptions of New Invertebrate Fossils from the Mesozoic and Ceno-

zoic rocks of Arkansas, Wyoming, Colorado, and Utah.

Distribution of duplicate specimens.—It is a question whether any

museum has ever made so systematic, thorough, and extensive a disposal
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of its surplus material as has been made by the Smithsoulan Institution

within the last twenty-five years. There is scarcely a public museum in

the country, especially if connected with a scientific society, university

or college, that has not received a share. In later years these distribu-

tions have been extensive including, as they have, the surplus stock

gathered by the extensive operations of the United States Fish Com-

mission.

An additional advantage connected with these distributions is the

fact that nothing is ever sent out without being thoroughly identified

and named by competent masters, so that the objects constitute types

of the utmost value.

The extent to which this distribution has been carried during 1880

may be understood from the fact that it embraced over 14,000 specimens,

each accompanied by labels showing name, locality, &c. The total num-

ber of specimens distributed to date is not much short of half a million

(actually 407,255).

Assistants in the Museum.—A. large appropriation was made by Con-

gress for the service in the National Museum required by the erection

of the new building, and available first in 1880. This required a reor-

ganization of the entire force and a more specific definition of the duties

and responsibilities to the Institution. All persons who had been em^

ployed received a specific letter of appointment, a condition of which

requiring formal acceptance in writing was that the incumbent, during

his connection with the Institution, should make no private collections

in natural history of any kind whatever. This rule is in force in all the

European museums, and is considered absolutely necessary for their inter-

ests, as the curators have ample opportunities of inducing the diversion

of material from the museum to themselves, if they are so inclined. In

the experience of the Smithsonian Institution there has been no reason

to suppose that this danger is to be guarded against; but it was thought

best to establish a general principle, so that there should be no misun-

derstanding at any time. All the persons appointed have agreed to the

condition, which is now in full force.

Courtesies from Foreign Museims.—The authorities and trustees of

the British Museum have been engaged for several years in the pre-

paration and erection of new buildings at South Kensington, for the

accommodation of the natural history collections, transferred from the

location where they have been housed for so many years
;
and as it was

presumed that the architects and curators of the museum would make

a very exhaustive study in regard to what was needed for the exhibition

of the specimens in the new building, apphcation was made to Dr. Glin-

ther, the chief of the zoological department, for such information as he

might feel at liberty to render. He kindly and promptly responded by

sending numerous drawings and specifications, whichhave been carefully

studied and made good use of in connection with the arrangements for

the National Museum building.



62 EEPORT OF THE SECRETARY.

The directors of the science and art branch of the South Kensington
Museum have very kiudlj' supphed a volume containing engraved plans

and elevations of the glass cases of that establishment.

To Prof. A. B. Meyer, of Dresden, the Institution is also indebted

for drawings of certain new iron cases lately erected in the Zoological

Museum of that city. He added to the obligation also by having pre-

pared and sent to us the elementary parts of the cases, of natural size,

so as to furnish a better idea of the mode of construction and fitting.

THE ETHNOLOGICAL BUREAU.

As in previous years, an appropriation was made by Congress for the

prosecution of researches into American ethnology in 1880, under the di-

rection of the Smithsonian Institution. The superintendence of tbis work
was continued in charge of Prof. J. W. Powell, tlie appropriation being

expended partly in keeping up the ofiBce organization of the Bureau and
partly in continuing the series of special researches into the ethnology

and linguistics of the Indian tribes. A portion of the appropriation was
also expended in continuing the explorations under the direction of Mr.

James Stevenson into the ethnology of the pueblos of New Mexico. In

1877 a number of villages were visited and comj^lete collections of every-

tMng illustrating their domestichabits, their weapons ofwarand the chase,
their religious ceremonies, &c., were obtained. During the present year

other villages were visited by the same parties, and large collections

were made and shipped to Washington. These have not yet been re-

ceived, but when they arrive will constitute a very important addition to

the National Museum.
In addition to the general work prosecuted by Major PoweU, he has

been requested by General Walker to superintend the work of taking

the census of the Indians for the census of 1880 ; and for this purpose

he has appointed a number of agents to visit various portions of the

United States for carrying out this business. Major Powell himself has

spent a number of months in the field in connection with the same work.

EELATIONS OF THE INSTITUTION TO OTHER DEPART-
MENTS AND ESTABLISHMENTS.

As shown by the past history of this Institution, its relations to the

different departments of government and to numerous establishments

in this and other cities have been varied and important.

The Government.—With the Library of Congress, the Institution is

brought into constant intercourse, from the many contributions of valu-

able scientific works and journals continually made from donations, ex-

changes, purchases, and other sources. With the Army Medical Museum
there is the exchange of anatomical objects for ethnological and zoological

specimens. With the Signal Office of the War Department there have
been interchanges of meteorological observations and records. With
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the Interior Department has naturally arisen a frequent communication
relative to the material and information derived from the various gov-
ernment explorations and geological surveys. The Treasury Depart-
ment has had occasion to institute investigations relative to the precise

identification of manufactured and other articles, and the methods of

detecting substitutions or adulterations, with special reference to cus-

toms duties and the prevention of fraud in the collection of revenue.

With the United States Coast and Geodetic Survey, interesting rela-

tions have sprung up relative to certain features in physical geography.

The scientific character of the National Observatory has naturally

brought about an affiliation of the interests and purposes of the two
institutions, and co-operation has been maintained especially with refer-

ence to the international transmission of astronomical discoveries by
telegraph. To the custody of the Agricultural Department, the In-

stitution has transferred from time to time all the entomological and
botanical material coming into its possession from the contributions of

its numerous correspondents.

Gallery of Art.—In conformity with the established policy of the In-

stitution—" co-operation rather than competition "—it has made the

Corcoran Art Gallery its depository of any works of fine art it may re-

ceive by exchange or otherwise.

A portrait which is claimed to be an original likeness of General

Washington was sent to the Institution by Mr. E. C. Bruce, of Yirgiuia,

to be placed on exhibition in hopes of finding a purchaser at a satisfac-

tory price. This portrait, said to have been painted by Mr. Polk, was,

with the consent of the owner, deposited in the Corcoran Art GaUery,
where it is now on exhibition.

In the early part of the year a letter was received from Mr.

W. W. Evans, of New York, suggesting that communication be ad-

dressed to the Government of Italy for the purpose of obtaining some
of the numerous duplicates secured by the latter in the progress of the

excavations at Pompeii. In pursuance of the suggestion a correspond-

ence was entered into, through the American minister in Kome, with the

proper authorities in Italy. This is not yet concluded, but it is thought

that whenever a suitable exchange can be offered on the part of the Na-
tional Museum th-e desired object may be accomplished.

In connection with the subject of art, a favorable mention should be

made of a life-size bust of Professor Henry, by Mrs. C. S. Brooks, of

New York, now on exhibition in the Kegents' room of the Smithsonian

building. This bust, of considerable merit as a i^ortraiture, is remark-

able as having been modelled entirely from a iihotograph.

Polaris Expedition.—The history of the exiiedition of Capt. C. F. Hall

in the direction of the North Pole, on the steamer Polaris, and its gen-

eral results, have already been referred to in previous reports. As was
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to be expected, Congress made a liberal provision for the publication of

tbe results of the expedition. The narrative volume was prepared un-

der the supervision of Admiral Davis, at the time Superintendent of the

Naval Observatory at this city, and the volume of physical results, pre-

pared under the direction of Dr. Emil Bessels, the chief of the scientific

corps of the expedition, and printed by Congress. There stfll, however,

remains a large amount of material relating to the geology, natural his-

tory, and ethnology of arctic America, and Dr. Bessels has been con-

tinuing the elaboration of this work for publication, having a room in

the building assigned for the purpose.

Congress at the last session made an appropriation of $8,000, and

placed it under the direction of the Smithsonian Institution, to be ex-

pended in preparing this material for final publication. The supervi-

sion of the work was placed in Dr. Bessel's hands, and in order to com-

plete his researches on the history of the Esquimaux, it became necessary

for him to visit Copenhagen and have conference with Dr. Eink in ref-

erence to that branch, as also to study the collections in the Copenhagen

Museum. He has been very sucessful in his mission, and expects to re-

turn in February, and immediately thereafter to begin the printing of

his final report. By authority of the Secretary of the Treasury the dis-

bursal of the funds was placed in charge of Mr. Thomas J. Hobbs, one

of the disbursing clerks of the Treasury Department.

The Alaslca Commercial Company.—For many years the Alaska Com-

mercial Company has acted to a great degree as the agent of the Smith-

sonian Institution on the Pacific coast, and the heartiest acknowledge-

ments are due for its assistance during the year 1880, as well as in pre-

vious years. It has not simply been the agent for the transmission or

reception of packages between Washington and San Francisco, but has

readily undertaken the purchase of supplies and their transmission to

the agents of the Institution, in many cases making large money ad-

vances. The entire business has necessarily involved the employment

of much official time, and in some cases doubtless considerable annoy-

ance. This, however, has been cheerfully rendered by the company

without any consideration whatever.

The company has also made many contributions to the Museum from

the collections sent to it by its own agents.

Centennial Commission Archives.—In the latter part of 1880 a meeting

of the executive committee of the International Exhibition of 1^76 was

held in Philadelphia for the purpose of closing up the business of the

exhibition. It was then decided to deposit all the archives of the com-

mission in the National ^Museum at Washington, and the Secretary of

the Smithsonian Institution was notified of this action.

The value and importance of these papers, plans, &c., will increases

with time, and the determination of the commission to secure for them
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permanent preservation at the national Capital is to be considered as

patriotic and judicious. I liave formally assured the commission of the

willingness of the Institution to receive the articles as soon as a suitable

place can be i)repared in the new Museum for their reception.

National Academy of Sciences.—The regular meeting of the !N"ational

Academy of Sciences was held in Washington on the 20th clay of April,

the accommodations being furnished, as in 1879, by the officers of All

Souls' Church. It is hoped that at no distant day it may be in the power

of the Smithsonian Institution to again ofl'er the necessary facilities of

room, &c., to the Academy. Prof. Wm. B. Eogers, president of the

Academy, presided, and the meeting was in every way a successful one,

a very large proportion of the members being in attendance and

many interesting papers communicated. As the early history of the

Academy was closely connected with that of the Smithsonian Institu-

tion, by reason of Professor Henry having been the president for many
years, the files, correspondence, and archives were searched for data

illustrating this relationship, and the results transmitted to Professor

Eogers.

Paris International Congress and Exposition relative to Electricitx].—
Through the courtesy of the State Department, this Institution received

early copies of circulars and programmes relative to a proposed inter-

national congress of electricians, and also to an international exhibition

of electrical apparatus and applications, to be held at Paris in 1881.

These papers have to some extent been appropriately distributed. By
an 'official decree of President Grevy, of the French Eepublic, dated

October 23, 1880, a congress of electricians is invited to meet at Paris

on the loth of next September (1881), the presiding officer of which

body will be the minister of the postal service and telegraphs, M.

Ad. Cochery. An international exposition of electrical apparatus of

all kinds, designed for the production, propagation, and utilization of

electricity (as well as of all memoirs and treatises relating to that subject)

is appointed, to be held in the palace of the Champs Elysees, from the

1st of August to the loth of November, 1881. M. George Berger has

been appointed the commissioner-general of the congress and of the ex-

hibition.

As a token of interest and co-operation in this enterprise, the Insti-

tution has sent to the commission, for deposit in the bibliographical

class, a copy of each of its publications relating to electricity and ter-

restrial'magnetism, to wit, four numbers of its octavo series (of Miscel-

laneous Collections), and thirteen numbers of its quarto series (of Smith-

sonian Contributions).

Recognition by Foreign Governments.—A gratifying testimonial to the

appreciation of the Smithsonian Institution in its labors connected with

the results of international exchanges, &c., was furnished by the action

S. Mis. 31 5
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of tlie International Exposition in Sydney, Australia, in i^resenting to it

a bronze medal, although no exhibit of any kind was made by the Institu-

tion on that occasion.

MISCELLANEOUS MATTERS.

Loss of Employes and Collaborators.—It is seldom that a year passes

without entailing the mournful task of recording the loss by death of

one or more of those who have been either directly employed by the

Institution, or have rendered it assistance in the prosecution of its varied

scientific operations. In the necrology of the past year, several valued

names are to be included.

In the death of Dr. Thomas M. Brewer, at his residence in Boston,

on the 2d of January last, the Smithsonian Institution loses one of its

best and earliest friends, and one who always rendered important serv-

ice in his capacity as editor of a leading Boston daily journal, and did

much toward keeping the public advised of the true spirit of the opera-

tions of the Institution.

In his death the science ofornithology loses one of its earliest votaries,

constituting, as he did, a connecting link between the present epoch and

the period of Audubon and Nuttall. Dr. Brewer's specialty was in his

knowledge of the history and the habits of birds, and especially of their

nidification, and he has always been the highest authority on everything

relating to the eggs of North American species. Many years ago he

planned an exhaustive work on Forth American Oology, to be illustrated

by the best drawings that could be procured, and an agreement was

made by the Smithsonian Institution to publish this work in successive

parts. The first number of this North American Oology was i)ublished

by the Institution, and embraced more particularly the rapacious birds,

the swallows, the goat- suckers, and the king-fishers. This publication

took place at a time when the knowledge of North American birds was

undergoing many changes, resulting from the expansion of the territory

of the United States and the better knowledge of its difierent portions.

The further publication was deferred for a time, but arrangements

were being made at the time of his death to take up the work again and

carry it to its completion.

Dr. Brewer has done a great deal towards popularizing American

ornithology by his investigations and correspondence with ornithologi-

cal students of all grades of advancement. To no one so much as to Dr.

Brewer is due the love of ornithology that is so prevalent in New Eng-

land. In 1840, he published an American edition of Wilson's Ornithol-

ogy, which met for a time a much felt want, and he has also published

a large number of papers on ornithological subjects. His most im-

portant work, however, was in connection with the History of North

American Birds, by Baird, Brewer, and Eidgway, printed by Messrs.

Little & Brown, in 1873, of which three volumes have so far appeared,

namely, those on land species. Of these the entire biological text was
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furnisliecl by Dr. Brewer. At the time of his death, he left behind the

manuscript of the water-bird portion of the same history. This is now
in the hands of Mr. Alexander Agassiz, and will probably be published

soon as one of the remaining portions of the work.

Dr. Brewer had been throughout his life one of the chief supporters

of the Boston Society of Natural History, of which, indeed, he was

one of the founders, occui)ying year by year important posts in con-

nection with the society ; and his influence upon it cannot easily be over-

estimated.

After giving up his editorial connection with the Boston Atlas and

Traveller, Dr. Brewer entered into business as a publisher and book-

seller 5 and retiring from this a lew years ago, he spent a year and a

half in travelling in Europe, in the course of which he visited all the

ornithological and oological establishments, and arranged special con-

nections between their owners or the curators. Partly as the result of

this visit, and partly of long-continued and persistent efforts, he became

possessed of one of the finest general collections of eggs in the world,

but especially rich in the North American species. These collections he

caused to be passed over at his death to the Museum of Comparative

Zoology of Cambridge, where they are safely preserved, and constitute

one of the most striking features of that great museum.

The death of Mr. James W. Milneb, which occurred at his residence,

Waukegan, Illinois, on the 6th of January, 1880, was a serious loss to

the science of fish-culture. Mr. Milner had been connected with the

United States Fish Commission as assistant commissioner for many
years past, having been in its service indeed, from the first year of its

organization. He commenced his labors, as a collector of statistics in

regard to the fisheries of the great lakes, the results of which appear

in the reports of the commission. In later years he had had charge

more particularly of the division of the propagation of food-fishes, in

the course of which he invented or brought into use many important

practical discoveries. In the course of his visits to different parts of

the country he also took occasion to make extensive collections in

natural history for the National Museum, all of which are recorded in

its catalogues.

Mr. Milner's illness was induced by a severe cold (taken in the spring

of 1878,) which assumed a malarial tendency, and required his return to

Lake Michigan for recuperation. He again assumed charge of his work

in the autumn of that year, organizing the arrangements for the hatch-

ing of codfish by the United States Fish Commission at Gloucester, in

the months of October and November. His increasing indisposition,

however, made it necessary for him to go to some other locality, and he

returned to Washington, and after spending a short time he went to Flor-

ida, where he remained during the winter.

He returned to Waukegan in the spring of 1879; but this season was

exceptionally raw and trying on the lakes, and by the direction of his



68 EEPORT OF THE SECRETARY.

physician lie visited Colorado for the summer. He, however, failed to

improve, and was brought to Waukegan in the autumn, and after much
suifering died, as stated, on the 6th of January, 1880.

A man of modest and agreeable demeanor, Mr. Milner, by careful obser-

vation and study, had mastered the theory and practice of fish-culture,

and had himself made many important improvements. His loss to the

Fish Commission is one which it will be extremely difficult to replace.

Mr. J. Homer Laxe must be mentioned as a valued collaborator of

the Institution, who died in this city May 3d of the past year. A grad-

uate of Yale College, he commenced his career as a teacher. His high

scientific and matbematical attainments having become known to the

Superintendent of the United States Coast Survey, he was. early ap-

pointed to a position in that branch of the public service. About the

year 1847, on the recommendation of Professor Henry, Mr. Lane was
transferred to the United States Patent Office, as opening to him a more

varied and active occupation ; and he discharged the responsible duties

of an Examiner in that iilstitution with a pains-taking fidelity for many
years. On the death of Mr. Saxton, who had charge of the construc-

tion and verification of the national and metric standards (under the

Coast Survey Office), Mr. Lane was recalled to that bureau to fill this

vacancy,—a position held by him till his death.

Mr. Lane had given considerable attention and study to the mathe-

matical theory of electricity, and in 1859 he conducted, at the request

and under the general supervision of Professor Henry, a series of ex-

periments for this Institution, on several points of scientific interest

relating to the Atlantic telegraph, a brief notice of which investiga-

tion was given in the Smithsonian Eei)ort for 1859, p. 38. To Mr. Lane

was also occasionally referred, for examination and report, communica-

tions or memoirs requiring for their thorough treatment a special fiimili-

arity with the higher mathematics. In 1866, he undertook an elaborate

investigation into the conditions of successive expansion or rarefaction

in gases, having particularly in view a more precise determination of

the absolute zero of temperature. In these experiments he was assisted

by apparatus specially constructed for him by the Institution.

His fastidious desire for extreme accuracy led him to postpone the

publication of results until it is feared that the valuable work actually

accomplished by him in this direction will not be available for the pro-

motion of knowledge among men, to which purpose he had so long and

earnestly devoted himself. Mr. Lane was remarkable for the logical

clearness of his mind and the strict conscientiousness of his moral

nature.

When Mr, William H. Dall returned, in 1873, from his labors in

Alaska, under the direction of the United States Coast Survey, he

brought with him a young Aleute, named Georoe Tsaroff, who com-

mended himself to him hj his intelligence. With the aid of some

persons interested in education, Mr. Dall secured for his protege an ex-
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cellent education iu Micbigan, in the course of which he learned to read,

write, and speak the English language with great readiness. On com-

pleting his course of. educati(fti, he was brought to Washington as an

assistant, and placed in charge of the large ethnological hall in the sec-

ond story of the building, his duties being to keep everything in order

and to act as a guide to visitors. These he performed with efaciency,

himself constituting an extremely interesting exhibit— that of a native

Indian, well educated and instructed, and able to explain the special

objects and applications of many articles manufactured and used in his

own country.

I regret to say that this interesting assistant was attacked by con-

sumption, and for greater convenience of careful treatment, he was re-

moved to Providence Hospital on the 2d of March, where he died on the

8th of May.

Among the deaths of those deserving special notice in this report

is that of Mr. William Q. Force, who for many years had charge of

the meteorological department of the Institution. He was the son of

General Peter Force, of Washington, at one time mayor of the city, and

well known for his devotion to the study of American history. Ills col-

lection of books in tbis department was the largest in the country, and

was purchased by the government for the Library of Congress. In the col-

lection of these books and in the preparation of the "American Archives"

Mr. William Q. Force was the principal assistant of his father. He also

edited and published the "Army and Navy Chronicle and Scientific

Kepository," and several works relating to history and statistics. He

graduated at Columbian College in 1839, studied law, and in 1S57 took

charge of the meteorological department of the Smithsonian Institution,

discharging the duties of the position for eleven years with marked

fidelity and ability. He resigned on account of an attack of illness,

which caused a permanent derangement of his nervous system, and he

devoted the remainder of his life to literary pursuits and to quiet and

unobtrusive deeds of charity.

He held several important positions of honor and trust in connection

with religious and educational enterprises and establishments, in all of

which he was noted for his scrupulous honesty, purity, and fidelity. In

all the relations of life he was a noble example of a man wholly actuated

by Christian principle, and whose practice conformed rigidly to his pro-

fessions.

Berendt 7nanuscripts.—The long-continued labors of Dr. Carl Her-

mann Berendt, in Mexico and Central America, relating to the eth-

nology and philology of the native tribes, prosecuted to a certain degree

nnder the auspices of the Institution, have been detailed in its previous

reports at various times within the last twenty years and more; and it

is with great regret that I have to announce the death of that gentleman

in the city of Guatemala on the 12th of April, 1878.

He left his valuable manuscripts and rare books with Mr. B. Wester-
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mann, of New York, aud many similar articles were iu liis own rooms in

Guatemala. These, by an arrangement with his executor, Mr. Wester-

manu, were gathered together by Mr. Francis Sarg, a fellow countryman,

who was also a resident of Guatemala; and by the kind mediation of

Capt. John M. Dow, forwarded to the Smithsonian Institution, filling

five boxes.

An inventory of this property was made by the Institution and trans-

mitted to Mr. Westermann, who also had prepared a catalogue of the

first collection, the whole of which constitutes a very important mass of

historical aud scientific matter, both in print and manuscript; and it is

to be hoped that some arrangement may be made by which this can be

added to some public library in the country, and no better depository

could be found than the Library of Congress.

Although engaged for many years in the researches referred to, Dr.

Berendt had printed but little, so that unless his manuscripts are care-

fully edited and published, his life work will have left but little on record.

With an assurance of long life and an ultimate opportunity of publica-

tion, a feeling not uncommon among literary men, Dr. Berendt allowed

the opportunity of presenting his labors to pass while aiming at further

perfection.

Donations.—A large fire-proof safe was presented to the Institution

for the National INIuseum by the Herring Safe Company of New York ; a

notice of which was given in the last Eeport. This safe has just been re-

ceived, and is an admirable specimen of the well-known skill of this enter-

prising company. It stands about seven feet high, and by its fine finish

forms an attractive piece of furniture. It will prove a very useful re-

ceptacle for small objects of special rarity aud value belonging to the

Museum.
Mention should be made of several other contributions of interest.

One of such has been a pair of Howe scales, presented by Messrs. F. P.

May & Co., of Washington, the agents of the Howe Company. These

scales have been placed in the entrance hall of the Institution, and are

constantly iu use for weighing visitors.

Among the contributions to the Institution of a miscellaneous char-

acter during the year is that of a hydro-pneumatic fire-extinguisher, pre-

sented by the agent of the company in Washington. This is claimed to

possess specially valuable qualities which fit it for practical use in pub-

lic and private establishments, and is kept in order for ready applica-

tion should an emergency requiring it arise.

Of the works published by the United States Government during the

last few years none has had more pojiularity than the narrative of

the second arctic expedition made by Capt. C. F. Hall, edited by Prof.

J. E. Nourse. Congress has ordered several editions of this work and

placed copies of it for sale at the mere cost of paper and printing. In

this work illustrations are given of Esquimaux life, manners, and cus-
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toms, tbe articles represented being specimens in tlio ISTational Museum.
During the last year tlie Secretary of the Navy Las offered to the In-

stitution the manuscripts, notes, plates, cuts, &c., of Oai)tain Hall's

work to be preserved in its archives.

Loan of hoolcs and apparatus.—The Smithsonian Institution has been

proverbial, from its first establishment, for the liberality %\:ith which the

use of books, apparatus, and specimens has been allowed whenever re-

quired in the interest of science, the regulations of many institutions

absolutely x)rohibiting the removal from their halls of such articles, not

•being at all enforced. It was found necessary, however, to establish

some restrictions to the indiscriminate borrowing, as it was ascertained

that in many cases the borrower was careless about returning the ob-

jects obtained by him, so that when others required their use they were

not available for the ijurpose. In some instances rare volumes of trans-

actions of learned societies would be kept for years, and not uufrequently

an entire set would be returned after the death of the borrower ; in

other cases, when called for, the report would be that they were not pro-

ducible.

In order to throw upon the borrower the onus of making a proper

return without unnecessary delay. Professor Henry decided to require

a deposit in money, or a certified check, far in advance of the value of

the object itself ; in the case of the loan of a volume of transactions the

money security called for representing the value of the entire series.

This condition has given offense in some cases, persons thinking that

the deposit should be simply of a money value equal to the value of the

article borrowed. This, however, would not answer the purpose, as, in

many cases, individuals would be glad to obtain a rare work at cost;

and as the Institution is not engaged in trade and needs its books and

apparatus for its own research, and that of its collaborators, the propri-

ety of the regulation has, I think, been fully vindicated. The required

deposit for books amounts, generally, to from $25 to $100, and of course

the borrower, whose money is in the hands of the Institution, does not

leave it there longer than is necessary. When the book is returned

the money is sent back and the transaction closed. This same regula-

tion has been extended to the loan to parties of other articles having a

definite money value.

Loan of specimens.—As far as specimens of natural history are con-

cerned the regulations are arranged on a different footing ; and as a

further means of preserving the integrity of the Smithsonian collections,

the following form of "receipt" from naturalists who may borrow its

material, has been adopted by the Institution:

[Locality Date ]

" Eeceived from the Smithsonian Institution a collection of
,

corresponding to the accompanying list. I hereby accept them in trust

upon the following conditions: First. That they are to be used for pur*
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poses of investigation, and returned in as good condition as they were

received, and as soon as my work upon them is completed. Second.

That no unique specimens constituting part of the reserve series of the

!National Museum shall be mutilated. Third. That duplicates when
necessary may be dissected; understanding by 'duiilicate,' a specimen

which is not necessary to illustrate variations of forms or range of geo-

graphical distribution. Fourth. That the specimens when returned

shall be .labeled with the names which I have employed in my I'ublica-

tions upon them. Fifth. That credit shall be given to the Smithsonian

Institution in all i)ublicatious based upon material furnished by it."

[Signature of borrower.] *

Restoration of the Declaration of Independence.—Several years ago a

commission was appointed by Congress (under an act approved August

3, 187G), consisting of the Secretary of the Interior, the Secretary of the

Smithsonian Institution, and the Librarian of Congress, for the purpose

of taking into consideration measures for the restoration of the faded

and now nearly illegible Declaration of Indej)endence. Some conferences

were held on this subject and some experiments made in regard to it, but

without result. A meeting of the commission was hold at the Depart-

ment of the Interior on the 5th of May last, and, after discussion, it

was decided that it was one of the subjects coming within the province

of the National Academy of Sciences, and the problem was referred to

Professor Eogers, i^resident of the Academy, with the request to api)oint

a commission of scientific experts to investigate the whole subject and

report to the Secretary of the Interior. No return has yet been made
by this commission, but it is understood that the matter is receiving

careful consideration.

UNITED STATES FISH COMMISSION.

GENERAL OBJECTS AND RESULTS.

The relationship which your Secretary has borne for ten years to the

United States Fish Commission as its chief, and the time required for

the discharge of its responsibilities, maizes it proper to furnish a brief

statement of the objects and results of the commission, as showing

thereby that its operations are quite in accordance with the purposes of

the Smithsonian Institution.

The inception of the commission, on a very small scale, in 1871, and
the mind extension of its operations year by year, have all been chron-

icled in the annual reports of the Institution ; and now that ten years

have elapsed, the reports of the commission will, I trust, show its

healthy growth and a successful accomplishment of some, at least, of

the objects which have been kept strictly in view from the outset.

As exi)lained in previous reports, the commission was first established,

in 1871, for the purpose of investigating the alleged decrease of the
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food-fisbes of the country, and of inquiring as to the best methods of

remedying the decrease, shoukl this be found to exist. It was not until

the second year, or 1872, that the responsible duty of increasing the

supply was added to the other functions of the commission.

In the preceding report of the Smithsonian Institution, for 1879, I

have stated at length the i)lans and objects of the commission, and to

this I refer for details. I may simply remark here that the division of

"inquiry" has been held to involve a complete investigation of aud re-

port upon all the physical conditions of the waters of the United States,

and the nature, numbers, and general relationships of their inhabitants,

together with an account of the relationships of man to the same, in

the way of methods and appliances of the fisheries, and the history and
statistics of his labors.

The second division, that of propagation, of course includes the pro-

tection of the useful fishes and their multiplication, either by capturing

the fish and transferring them from one point to another, or by the pro-

cess of artificial impregnation of the eggs and the distribution of the

young.

The work of the inquiry is prosecuted, for the most part, directly un-

der my own supervision, from stations at different points along the sea-

coast, with a suitable number of assistants (volunteers for the most part)

for making the investigations referred to. The specimens collected are

placed in the hands of experts, by whom they are properly investigated

and monographed, and the results published, with suitable illustrations

in the Annual Reports of the Commission. The collections made, usually

in very large numbers, are worked up at the same time; the reserve col-

lection preserved in the National Museum, aud the dux)licates distributed

to the various educational establishments of the country, or exchanged

for objects desired by the Museum.
The propagation division is conducted either at some permanent sta-

tions, such as those of the salmon, whiteflsh, and carp, or in temporary

establishments, shifting their ground with tne season, as is the case in

large part, with the shad stations.

During the past year two additional subjects have occupied the atten-

tion of the Commission; one, the preparation for the international dis-

play of the fisheries of the United States at Berlin ; and the other, the

continuation of the census of the fisheries, undertaken in behalf of Gen-

eral Walker, Superintendent of the Census. Special details in regard to

these branches will be found elsewhere.

ISTewport was the station selected for the prosecution of the work of

inquiry into the fisheries in 1880, as representing a point between

two previous stations, Wood's Holl and Noank. Since the year 1873 the

Commission has been indebted to the Navy Department for a steamer

with which to carry on its investigations. This year, however, it was

found possible to dispense, in large part, with extraneous aid, the Fish
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Sawk,* the vessel referred to in a previous report, liaving been com-

pleted and ready for sea.

Her original jjurpose was that of a floating hatching establishment

;

but she was not completed until some time in July, or after the spring

hatching work was over. Her first service, therefore, was iii the inquiry

division of the Commission. She is a vessel of 484 tons, and provided

with all the necessary conveniences for investigation, such as a power-

ful hoisting engine and the necessary dredging and trawling apparatus.

She i^roved admirably adapted to the requirements of the occasion.

Her personnel was furnished by the Kavy Department, under the law

of Congress that directed that she be placed on the same footing as the

vessels of the Coast Survey, which gave her the officers and a crew, with

their subsistence, leaving to the Commission the running expenses, such

as the cost of coal, oil, water, etc. Lieut. Z. L. Tanner, who had been

in charge of the steamer Speedicell, at Provincetown, in 1879, was placed

in command by the Navy Department, with Mr. J. S. Smith as mate,

Wm. B. Boggs as engineer, Geo. H. Reed as paymaster, and F. C. Van
Yliet as surgeon, and a crew of 27 men.

- A large building, formerly used for the manufacture of shot, was

rented from Mr. John H. Griswold; an adjacent wharf, with a number of

buildings upon it, was also obtained for the service of the Commission.

As in previous years, the superintendence of the work connected with

the marine invertebrates was in charge of Professor Yerrill, of Yale Col-

lege, assisted by J. H. Emerton as artist, Mr. Sanderson Smith of jSTew

York, and Mr. B. F. Koons and E. A. Andrews. Mr. Eichard Eathbuu

was an assistant of the Commission in the general work, and Mr. H. L.

Osborn and Frederic Gardiner had charge of the fishes during the ab-

sence in Alaska of Dr. T. H. Bean.

The census branch of the fisheries also had its quarters in the town.

My own oflQce, those of the laboratory and of the census, and the res-

idence of Maj. T. B. Ferguson, assistant commissioner, were connected

by telephone, for the more convenient transaction of business.

I arrived in Newport with my party on the 9th of July, and was
joined by Professor Yerrill a few days later. The steamer, however, did

not reach Newport until the 2d of August, and, owing to various causes,

did not get fairly at her work until about the 7th. The city wharf was

hired from the city of Newport, where she lay when in port. The work

was carried on with great zeal during the summer, and yeiy imi^ortant

discoveries, both scientific and practical, were made, especially in the

course of three visits to the Gulf Stream in September and October.

On these occasions, the vessel by starting in the evening at 6 o'clock,

and running out to a distance of about a hundred miles reached the Gulf

Stream, and explored it for a period of 12 to 14 hours, and returned to

port on the succeeding night. The amount of life found along the west-

*Thi8 vessel was designed by Mr. C. W. Copeland, of the Light-House Board, and built under the

direction of the Light-House Board, and the immediate supervision of Mr. Copeland and Lieut. Z. L.

Tanner, U. S. N.
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ern edge of the Gulf Stream was enormously rich ; of mollusea, not less

than 175 different species were taken, forty being new to science.

Twenty new deep sea fishes, some of them o^ a remarkable character,

were secured. The most important observations, however, were those

in regard to the Tile fish {Lopholotilus cliamelconiiceps)^ to which refer-

ence was made in a i>revious report. The ascertained range of this fish

was greatly extended, showing the possibility of cai)turing it over a

wide area.

For the purpose of determining the ability to take this fish with an
ordinary fishing smack a Noank vessel was chartered for the trial. Ow-
ing to a threatening storm, however, the vessel was compelled to return,

and nothing Avas done beyond thc^capture on a small line of an enor-

mous sword-fish.

Mr. G. Brown Goode, who had represented the United States at the

Berlin Exhibition, returning, joined the party on the 17th of July and
was, for the most part, occupied in connection with the fishery census.

During the summer I visited Wood's Holl in the Fish Hawl-, for the

purpose of inquiring into the i)ossibility of making a station at that

point, for the hatching of codfish.

The work of the Commission at IsTewport was closed about the begin-

ning of October, and on the 7th of that month the Fish HawJc returned

to Wilmington for some additional apparatus, carrying a portion of the

collection to New Haven, hy the way, for the use of Professor Yerrill.

After taking on board further hatching apparatus, the steamer came

around to Washington, cruising along the edge of the Gulf Stream on

her route, and making additional collections of importance.

I left Newport with mj' party on the Sth of October, closing operations

for the season at that place.

The control of so well equipped a steamer as the Fish Hmvlc and the

several visits to the Gulf Stream resulted in the acquisition of a large

amount of material, equal almost to the aggregate of all our preceding-

seasons. This has been put in hand and will, as rapidly as possible, be

examined, the reserve series added to the collection of the National

Museum, and the remainder distributed as heretofore.

In the Eeport of the Institution for 1S79 reference was made to the

operations of the Fish Commission in connection with the artificial propa-

gation of codfish at Gloucester, Mass. This work was continued into the

beginning of the year 1880 and a large number of fish hatched out and

liberated. These have remained for a considerable time in the harbor of

Gloucester and its vicinity, and by their abundance and unusual ap-

pearance attracted much attention.

The work of cod hatching was again undertaken in the winter of 18S1,

in the little harbor at Wood's Holl, Massachusetts. Facilities were

granted by the Light-HouseBoard at its depot ; themachinery was erected

and everything in readiness for the w^ork. The unusual severity of the

winter, however, which froze up the shores, rendered it impossible to
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keep the fish in their pens, and prevented any measure of success. It

is hoped that during normal seasons the j)ropagation of the cod may be

considered as a perfectly feasible undertaking, and one promising im-

j)ortant economical results.

The operations of the Commission in connection with the hatching of

shad have also been of increasing importance during the year. The

work was commenced in Albemarle Sound, North Carolina, and many
millions' of fish were hatched out. A station was then established on

the Potomac Eiver. By the courtesy of the authorities ,of the Navy
Department, and especially of the Chief of the Bureau of Yards and
Docks, a hatching station was extemporized for hatching out the eggs

of tlie shad obtained by the steamer Jjookout from the seines and gilling

stations down the Potomac, especially in the vicinity of Fort Washington.

Another station was made at Havre de Grace, Maryland, and at the

two places about 30,000,000 shad were successfully hatched out. A
large i)roportion of these were necessarily j^laced in the rivers whence

the eggs were obtained. IMany millious, however, were distributed by
the messengers of the Commission to various localities throughout the

United States, especially to the waters of the Mississippi Valley.

The ^propagation of the Salmonidcc has also been conducted with sat-

isfactory results. The McCloud Eiver station, for the cultivation of the

California orQuinnat salmon, was in successful operation, and furnished

many millions of eggs, which were distributed, as usual, to all parts of

the United States. Some of these eggs went to Germany, France, and
Holland, where they arrived in good condition, and were hatched out

very satisfactorily.

After an interval of several years, work was resumed at the station

on the Penobscot Eiver for obtaining the eggs of the Penobscot salmon,

and a distribution of these fish was made to the principal rivers of the

Northern and Eastern States.

An unusually largo gathering of eggs of the land-locked salmon was
made at the station on Grand Lake Stream, this fish i^romising to be of

great value in the cold, deep lakes of the country.

Work on a large scale in connection with the white-fish of the great

lakes was commenced this year by establishing a station at Northvilk,

Michigan, under the charge of Mr. Frank N. Clark. With the neces-

sary number of assistants, Superintendent Clark obtained a bountiful

supply of eggs in the adjacent lakes, and gathered into the hatching-

house about 13,000,000. Some of these were distributed to different

parts of the country; but by far the greater part were hatched out and
placed i)artly in Lake Michigan, ijartly in Lake Huron, and partly in

Detroit Eiver.

An interesting experiment was made in the artificial propagation of

the striped bass or rock-fish of the Southern States—the eggs from a

gravid female having been properly impregnated, a large number of
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young were liatched out. This experiment, it is hoped, will be contin-

ued in future years on a much larger scale.

Perhaps the most important result of the work of the Commission in

the line of the propagation of fish is that of the multiplication and dis-

tribution of the imported German carp, of which, as already explained,

there are three principal varieties—the scale, leather, and mirror carp.

The distribution of the young of these fish was commenced in the au-

tumn of 1871). A very large yield in 1880 permitted them to be sent to

a great many applicants throughout the country, ,some thousands in

number. The demand, however, is increasing, and is likely, for some

time, to more than keep pace with the supply. It is gratifying to know

that 'the efforts of the Commission to introduce this fish meet with favor-

able recognition.
. .

An account of the operations of the United States Fish Commission

during the first decade of its existence, detailing somewhat fully its

plan of work, and the scientific and economical results accomplished by

it was prepared by Mr. G. Brown Goode, and read before the American

Association for the Advancement of Science at its Boston meeting, held

Auo-ust 28, 1880. This paper will be found in full in the appendix to this

^^^
* FISHERY CENSUS OF 1880.

In July, 1880, an arrangement was made with General Francis A.

Walker, Superintendent of the Tenth Census, by which an investiga-

tion of the fisheries of the United States was undertaken as the joint

enterprise of the United States Fish Commission and of the Census

Bureau It was decided that this investigation should be as complete

as possible, and that both the United States Fish Commission and the

Census Bureau should participate in its results. The preparation of a

statistical and historical report upon the fisheries, to form one of the

series to be presented by the Superintendent of the Census as the re-

sult of his investigations in 1880, has been the main object of the work

;

but in connection with this statistical work, extensive investigation

into the methods of the fisheries, into the distribution of the fishing-

grounds, and the natural history of useful marine animals, has been

and is being carried on.
-, . ^i i i.^^ivr^

The direction of this investigation has been placed m the hands of Mr.

G Brown Goode, who was appointed agent of the Census O&ce, and

who has been carrying on this work in addition to the performance ot his

duties in connection with the National Museum. The work which wa«

begun on July 1, 1879, has been vigorously prosecuted smce that time,

and the final report will probably be presented as early as July, Ibbl.

The plan of the investigation was drawn up before the begmnmg of

the work and has been published in an octavo pamphlet of 51 pa es

entitled " Plan of Inquiry into the History and Present Condition of the

Fisheries of the United States." Washington: Government Printing

Office. 1879.
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The sclieme of investigation divided the work into the following

departments

:

I. Natural Mstorif of marine products : Under this head was to be car-

ried on the stndy of the useful aquatic animals and plants of the coun-

try, as well as of seals, whales, turtles, fishes, lobsters, crabs, oysters,

clams, &c., sponges and marine plants and inorganic products of the

sea, with reference to geographical distribution; size; abundance; mi-

grations and movements; food and rate of growth; mode of repro-

duction ; economic value and uses.

II. The fishing-grounds : Under this head are studied the geographical

distribution of all animals sought by fishermen and the location of the

fishing-grounds, while with reference to the latter are considered : loca-

tion; topography; depth of water; character of bottom ; temperature of

water ; currents ; character of invertebrate life, &c.

III. The fishermen and fishing toivns : Here are considered the coast

districts engaged in the fisheries with reference to their relation to the

fisheries, historically and statistically, and the social, vital, and other

statistics relating to the fishermen.

IV. Apparatus and methods of capture: Here are considered all the

forms of apparatus used by fishermen, boats, nets, traps, harpoons, &c.,

and the methods employed in the various branches of the fishery. Here

each special kind of fishery, of which there are more than fifty in the

United States, is considered separately, with regard to its methods, its

history, and its statistics.

Y. Products of fisheries : Under this head are studied the statistics

of the yield of American fisheries, past and present.

YI. Preparation^ care of and manufacture of fishery products : Here

are considered the methods and thev arious devices for utilizing fish

after they are caught, with statistics of capital and men employed, &c.

:

preservation of live fish; refrigeration; sun-drying; smoke-drying; pick-

ling; hermetically canning; fur dressing; whalebone preparation; isin-

glass manufacture; ambergris manufacture; fish-guano manufacture;

oil rendering, &c.

YII. Economy of the fisheries : Here are studied financial organization

and methods; insurance; labor and capital; markets and market prices;

lines of traffic; exports, imports, and duties.

YIII. Protection and culture : This includes all kinds of supervision

by the government, such as legislation; bounties and licenses; fishery

treaties
;
public fish culture.

The various inquiries provided for in this scheme of investigation

have been made in three ways.

First. By correspondence with persons in different parts of the country.

Second. By a systematic overhauling and compilation of past records,

not the least among which are the local newsx)apers.
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Third. By sending special agents to make personal inquiries in

every part of the United States where the fisheries are of considerable

importance.

The last-named method has of course been by far the most important

and the most successful, and it is unfortunate that the length of time

and the amount of money available have not permitted the employment
of a larger number of assistants in this branch of the work, and have

not allowed them to devote as much attention to working out specihc

questions as has in many cases seemed imi^eratively necessary.

Tlie fishery iadustry is of such great importance and is undergoing

such constant changes that a visit of a few days, even by the most com-

X^eteut experts, has invariably iiroved unsatisfactory. They have been
able to collect only the more important facts, leaving mauy subjects of

interest untouched.

The field work has been carried on by the following special agents;

(1.) Coast of Maine, east of Portland, E. E. Earll and Capt. J. W. Col-

lins. (2.) Portland to Plymouth (except Cape Ann) and eastern side of

Buzzard's Bay, W. A. Wilcox. (3.) Cai)e Ann, A. Howard Clark. (4.)

Cape Cod, P. W. True, (o.) Provincetown, Capt. IST. E. Atwood. (G.)

Rhode Island and Connecticut, west to the Connecticut Piver, Ludwig
Kumlien. (7.) Long Island and north shore of Long Island Sound and

west to Sandy Hook, Fred. Mather. (S.) New York City, Barnet Phil-

lips. (9.) Coast of New Jersey, E. E. Earll. (10.) Philadelphia, C. W.
Smiley and W. V. Cox. (11.) Coast of Delaware, Capt. J. W. Collins.

(12.) Baltimore and the oyster industry of Maryland, P. H. Edmunds.

(13.) Atlantic coast of Southern States, E. E. Earll. (11.) Gulf Coast,

Silas Stearns. (15.) Coast of California, Oregon, and Washington, Prof.

T>. S. Jordan and C. H. Gilbert. (10.) Puget Sound, James G. Swan.

(17.) Alaska seal fisheries. Dr. T. n. Bean. (18.) Great Lakes fishery,

Ludwig Kumlien. (19.) Eiver fisheries of Maine, C. G. Atkins. (20.)

The shad and alewife fisheries, Col. Marshall McDonald. (21.) Oyster

fisheries, Ernest Ingersoll. (22.) Lobster and crab fisheries, Eichard

Eathbun. (23.) Turtle and terrapin fisheries, P. W. True. (21.) The

seal, sea elephant, and whale fisheries, A. Howard Clark.

In addition to the field assistants already mentioned, a staff of assist-

ants from the beginning have been at work in the office of the division,

carrying on correspondence, searching past records, and i)repariiig the

report for publication. Mr. C. W. Smiley, Mr. Jas. Temple Brown, and

Mr. George S. Hobbs have been connected with the work from its start,

and from a later date Mr. J. E. Eockwell, Mr. C. W. Scudder, Mr. E. I.

Geare, Mr. G. P. Merrill and others have been thus employed. A num-

ber of clerks have also been detailed for this work by the Superintendent

of the Census, at one time as many as eight. A large part of the clerical

force is under the direction of Mr. C. W. Smiley, who has in special

charge the correspondence and the statistical and compiling work.

Mr. Wilham H. Dall, of the United States Coast and Geodetic Survey,
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was detailed by the Superintendent, Captain Patterson, to visit Alaska

and the Arctic Ocean, for the i)urpose of obtaining information in re-

gard to the 4-laska coast, a work upon which Mr. Dall has been engaged

for many years. Permission for Dr. Bean to accompany Mr. Dall was

readily obtained from Captain Patterson, and the voyage from San

Francisco was made in the schooner Yulcon^ of the Coast Survey, a ves-

sel originally built under Mr. Dall's direction for service in the Alaskan

waters.

Mr. William J. Fisher, tidal observer at Kodiak, also contributed im-

portant material of the same general character. As the result of these

several explorations, over one hundred boxes and packages of natural

history collections have been received by the Institution, all more or

less incidental to the census inquiries made by the same parties.

One of the most important reports of Dr. Bean's investigations was

the discovery that cod and halibut of the Alaskan waters were identical

with the same species as those in the North Atlantic, and consequently

all the conditions of pursuit and preservation used in the east could be

emi)loyed appropriately in the western seas.

BERLIN INTERNATIONAL FISHERY EXHIBITION.

Among recent organizations in Europe for the purpose of developing

home industries, one of the most important is the BeuUche FiscJierei-

Verein, founded in 1871, for the pur^jose of developing the fisheries

of Germany, both inland and maritime, and of introducing improved

methods of fisli culture and new varieties of fishes. The organization

is composed of some of the most eminent naturalists and pisciculturists

of Germany, and also includes many personages of the highest rank in

the empire who are most interested in the welfare of the State.

For the puri)ose of bringing together a display illustrating the meth-

ods and results of the fisheries and fish culture of the Old World, ar-

rangements were made for holding an international fisheries exhibition

in Berlin in the sirring of 1880, and invitations were issued about

eighteen months before, asking the co-operation of governments, asso-

ciations, and persons interested generally. The invitation to the United

States to participate was transmitted to the Secretary of State in the

winter of 1878-79, but no action was taken by Congress. This was a

source of great regret to the German Government, as well as to the

immediate i^romoters of the enterprise, and urgent appeals were made
through the German and American ministers for action. A second

communication made by the Secretary of State about the beginning of

1880 was more successful, a bill introduced by Mr. Deuster, member of

the House from Michigan, being readily passed, appropriating $20,000

to enable the United States Fish Commission to make the exhibition on

the part of the United States.

I was called to appear before the Senate Committee on Foreign

Eelations on the 10th of February, and exi^lained the proposed displaj^.
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and gave some reasons why it would be to the interest of the United

States to ijaiticipate in it. The Senate committee reporting favorably,

the bill became a law, and appropriations were made to carry out its

provisions.

My duties in connection with the Smithsonian Institution, the Na-

tional Museum, and the Fish Commission made it impossible for me to

attend the exhibition, and Mr. G. Brown Goode, the curator of the

Museum, was appointed as the commissioner in charge, and immediate

l^reparations were commenced for the occasion.

Of course the time for i)reparation was very short, as the exhibition

was to be opened on the 20th of April, giving nearly eighteen months

less time than that enjoyed for the purpose by most of the other par-

ticipants. Fortunately, however, the components of the exhibition of

the fishery and fish-cultural interests of the United States made at the

International Exhibition of 1870 at Philadelphia were available for the

purpose, and a selection from these was made by Mr. Goode, with the

assistance of Mr. True, and invitations for contributions of later mate-

rial were i)romptly responded to. The most important possible addi-

tions to the display of 187G consisted in the improved apparatus for fish

culture, and in the samples of i:)reparations of prepared fish, both hav-

ing made vast progress during the intervening four years.

The United States Fish Commission proposed to display, either in

original apparatus or in models, the new methods of hatching fish with

the assistance of steam power, as devised by Mr. T. B. Ferguson, of the

Fish Commission, and especially to show the model of the new fish-

hatching steamer Fish HaicJc, to be used as a floating hatching estab-

lishment in the propagation of shad and other useful fishes. The model

of the new vessel was on a scale of nbout half an inch to the foot, and

that of the fish-hatching ajjparatus on a scale of one-sixth the actual

size. An enormous number and variety of samples of mackerel, cod,

smelts, crabs, oysters, lobsters, and other marine products were sup-

plied in the difierent forms of dried, powdered, salted, smoked, and

canned, either in oil or in spices. Certain firms were invited to furnish

their special apparatus for the capture of fish, and no time was lost in

making use of the short interval remaining. This work was carried on

so successfully under Mr. Goode's administration that it became possible

to ship a first load, of some thousands of cubic feet, on the 28th of Feb-

ruary, the last of the lot being transmitted on the 21th of March. The

total amount of freight thus sent forward consisted of about 12,000

cubic feet.

With most commendable liberality, the North German Lloyd Co., at

the suggestion of its agents in New York, Messrs. Oelrichs & Co., agreed

to transmit and return all the packages of the Commission free; and

not to be behind a foreign corporation in this spirit, the great lines of

roads between Washington and Baltimore and New York, namely, the

Baltimore and Ohio, the Baltimore and Potomac, the Philadelphia, Wil-

S. Mis. 31 6
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miugtoii and Baltimoiw and the Peunsylvauia. agreed like^rise to carry

the packages five. The givater part of the exhibit of the United States

was shipi>ed fix>iu Baltimore by the Bremen steamers, although most

of the packages coutentrated at New York were embarked from that

city, as also Mr. Croode's immediate staff, consisting of ^Ir. F. W. True

and Mr. J. E. Eockwell of his oltice foive. with Mr. Fi-eil Mather, expert

n tish cultnre. Capt. J. W. Collins, expert in lisheries. and Mr. Joseph Pal-

mer in charge of the models and casts. Mr. Goode left "Washington on

the IGth of Maivh and Siiiled in the Bremen steamer JV«"A<7r on the 20th,

the company granting a concession of one-fourth of th? faiv.

A large portion of the goods weiv found in Bivmen on the arrival ot

the party, and these were sent forward to Berlin and unpacked in time

for very satisfactory opening of the Exhibition on the 20ih of April.

Some smaller collections, sent at a later date, were received subsequently.

A large amount of space had been assigned to the United States, but

this Innng inadequate a portion of that grantetl to Givat Britain, and

not occupied by her exhibitor"^, was added. The section of the United

States was ornamented by a large number of flags lent for the puri>ose

by the Xavy and War Departments, and the display as a whole was very

effective.

It is now a matter of history that the United States bore off the chief

honors of the occasion, the superlatives of the critics being exhausted

in their praises of its methcxl. richness, and great intrinsic value. Indeeil

the entire collection of the remaining jxirtion of the International Ex-

hibit of Fish and Fisheries would not have made a single exhibit of

anything like the importance of that of the United States. In illustration

of this fact it may be stated that the grand prize given by the Emperor

of Gt?rmauy to the Exhibition, for the best display, Wivs avraixled to the

United States. This consisted of a large vase, three feet high, beauti-

fully worked in silver and gold, and costing over $2.(HM\ In addition

to the grraud prize there were numerous other awards in the way of

mciials of gold, silver, and bronze to contributors from this country, ;ind

the number of these awaitis would have been much gi-eater but for the

fact that the greater part of these contributions were made as part of i hat

of the United States Fish Commission. The same policy was pursuetl

there as at the Philadelphia exhibition: where objects were presented

to the Institution and to the United Slates, they were entered for si>ecial

consideration as individual exhibits : but where they were purchased for

the exhibition they became the property of the Unitetl States, ;iiid their

individiuUity was lost in the general display. ^Many persons who piv-

ferred to receive the comparatively slight money-value of the objects ob-

tained from them, were greatly disappointed on finding that, however

meritorious, their articles were passed over by the judges and no awanls

made for them.

It was originally supposed that the exhibition would close on the 1st

of June, after a six weeks" display. Very much interest, however, was
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ielt in the display, ami it was so much more successful than had been

expected that it was concluded to keep it over until the 1st of July.

This involved an additional four weeks' detention of the party, and of

course increased the expense. Thanks, however, to Mr. Goode's careful

administration, I am happy to say that the work was finished and :dl

the exhibits returned to Washington withiu the appropriation, a few-

dollars having- been paid into the Treasury as the surplus. Owing to

the care with which the articles were packed, everything arrived in i)cr-

fect condition at its destination; indeed, out of the large number of

plaster casts very few required any treatment for their ])roper exhibition.

This was in marked contrast to the experience of the British portion t)f

the exhibit, which, although it was much snudler in extent, was almost

utterly destroyed in transit.

Acting under his instructions, Mr. Goode disposed of some of the more

bulky and hnist costly articles, such as the whale boat and a nund>er of

the dories, &c., to various governments and other establishments in ex-

change for desired objects belonging to the European divisions. This

somewliat reduced the bulk of the shipment, but not very greatly. The

entire lot of at least 10,000 cubic feet was brought by a single vessel of

the German Lloyds line from Bremen to Baltimore, and thence by the

Baltimore and Ohio Bailroad, and placed in the new^ National jMuseum

Building-. The exhibition will be more fully discussed in a report uoav

being prepared, which in accordance with the resolutions of Congress

will also treat of the present condition of the fisheries and tish-culture

of Europe.
Eespectfully submitted.

SPENCER E. BxVIRD,

^ecretari/ of Smithsonian Institidion.

Washington, D. C, Januan/, 18S1.
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STATISTICS OF EXCUANGES, 1880.

I.—FoREiaN Exchange.

COXES AND l'Ai:CElS KECEIVEI) IN 1^80.

I.—For bomo distribution

:

From Ar^'uliiio Cont'ederatiou
From Beliiiuiu

Prom Chile
From Eii;zland
From Eutiliiiul, for Library of Congress.
From Franco
From ( i ormiiuy
Fr(im Holland
From 1 1aly
From Mrxico
Fiom Kussia

Total

II.—For distribution abroad:
a. From government dt'partiiifuts:

Aiiricultnral Department
F)nreau of Ftbnology
Chief Signal Office
Coast Survey
Eniiiueer Bureau
Geological Survey ( Wlieel.-r)
Geological Survey (I'owell)

Interior Department
Naval ( )bservatory
Ordnance I>ei)ar(ment ....

Smitlisonian luslitution (Fish Commission and Natiimal Museum included)
Surgeon-General's Office

6. From miscellaneous institutions and individuals

Total, of which 71 contain specimens of natural history

Boxes.

Parcels.
1

13
201
10

105
8:)1

110
861
783
133

3,106
3

5, 227
8,948

UOXES SENT ABKOAD IX LSSO.

Country.

Argentine Confederation
Belgium
Br.izil

Chile
Cuba
Denmark
France
Germany
Great Britain
nolland
Itidy
Japan
Liberia
IVIexico

Now South "Wales

Number
of boxes.

Country.

New Zealand . .

.

Norway
Polynesia
Portugal
Queensland
llussia
Samoa
South Australia
Spain
Sweden
Switzerland
Tasmania
Victoria

Total

Itepres'Titing, in bulk, 1,631 ctibic feet and weighincr 52,42.'i pounds.
Besides the above, there are 13 boxes ready for and awaiting orders for shipment to Italj-.

Exchanges for Canada are included in the re^jort ou domestic exchanges.
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SHIPriXG AOKSIS OF SMUHSOXIAX KXCHAXGES.
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AGEXCli:?; VOU THE DlSTiaiUTlON Ol- $MlTlISOXL\.N KXCIIANGKS.

Agencies.

AFRIOA.
I

Aln-ria Commission FwnCiUse iles T^ohanjies luteiuationaus. Tiuis, rninoe.

C po t'oiouios --- --
I

Willium W'cslov. Lomlou. Eu:j:l:mil.

£.". vpt lustitiit E^yptiou. Aloxaiulvia. E^vpr.

L'Vri-» follouo of Liberia. Momwia.
Ai nirltius ' 'V^' illiam Wos'.oy. Loudou. Eu^Luul.

Strilelena !
ATilliam Wosloy. Lomlou. Eughuui.

AMKUICA*
I

British AuwTica Geolo^ioal Survey Office. Moiitn?;^. Canada.

Coutr.U America t ant. J. il. Dow, general ageut.

Cv«ta Kiea . rnivemtv otCosta Kica, Sau Jost^

Ga.ueai;vla
' Soeioilad Ecouoaiica de Aiuigxvs del P;us. C.u:Uemaia

^lesiCiJ !
El Mxiseo ]\" acioiud. Mexico.

AVest Indies: „ .,. t-, .v- tw • i

lUiham .s ' Nassau Public Lbniry. N evr rnwidence.

Barb »diK>s
' Government ileteorological Ornce, Bridgeton.

Cnb;^ Eov;;l raiversity. nav;'-ja.

Ja-nMCi ' Koval SOviet v of A rts, Kingston.

Trinidad ' Scieaiitic A^ociat ion. iort-of-^paul.

Turks IsUu;i ' Pubiie Library of Grand Turk Island.

Soivih Araerica

:

I

, ,. r, .

Ar^?nt ine ilepublic >ri'.seo Publico. Buenos Ayres.

BiUvia Uuiversitv. Chuquis:\ca.

Brazil Commis.<ao CentnU BrazUoii-a de Permiitavoes lutcnwcieuaes. Kio

Janeiro.

Chile Fui v.-i-sid:ul, S;intiaffo.

rolvnhia Sixiedad do Xaturalistas Colonilnauos. bogtita.^

Dutch Guiana Suriaaauischc Koloniaalo Bibliothov k. raraiuaribo.

Ecuador Obs. rvatorio del Colegio Nacional, Quito.

Poru Biblioteca yacioual. Liraa-

TTnni^v )-nreau de Statistitiue, Montevideo.

Teae'uel.i Societlad de Cieucias Eisicas y Xaturales. Caracas.

A^1V.

China
India
Japan
Ja\n»
Philippine Isl-uls . .

-

ArsT:uM_\.>i-v.

Xevr South Wales
Qui^caslaiid

?,>uth Austraii'i

Victoria
XevT Zodl.vud
TAsm.uiia •

ErKOl'K.

Austria-IIungary
Belgium
Deaaark
Fi-ance
Gcrmaaiv
Great Britain
Greece
Iceland
It-Jv
Netherlands
Xor'n-.iv

Portuiil
Kussia
Spain

•ede
Svritrcrlivnd .

.

Turkev

TTilliau'i "Weslev, London. Eudand.
WUKam WesleV. Lon;k>a. England.
I lapcrial University. J. okio. t- . „
Baiaavscho Geaootschap vanKuusten en TretcnscUappeu. Eat:.via.

Kovai Ecouomic;d Society, Manila.

- Roval Societv ofXew South "Wales. Sydney.
- GoVernuient Meteorological Observatory, Brisbane.
.' Asnvuoniic;U Observatory, Adelaide.

. Public Library. Melbourne.
P.;rliamcnt;;rv Library, VCellington.

.' Koval Societv of Tasmania, HobavtoTvn.

Dr. Felix Flusel. Leipzig.

Commission Bel-e u Ec-!an<res Tntemaiiouaux. Brussels.

Konc. Danske Tidenskahs Selstab. Copenhagen.
Commission Francaise des Ech:vnges Interaationaus. P.ins.

1 Dr. Felix Fliigel, Leipzig.

I "William "Wesley, Lomloa.
I National Librarv of Greece, Athens.
'

Tv. Danske Videnskabs Selsiab. Copenhagen.
"Tlrico Hoepli. Milano.

' Bureau Scientitique. Harlem.
; Koudiga Norske Fredcriks Universitet, Chnstiania.

Escola Polvtechnica, Lisn u.

L. Watkins i: Co.. St. Petei-shnrg.

E- Academiade Cieneias, Madrid. ^ ,, ,

Kon>-elis:e Svenska Vt teuskaps Akademien. Stockholm.

EidiTuossenscbe Bnndes Kanzlei, Bern.

LetStiou, Washington, D. C.

rOLYXESI.V.

Sandwich Isl.mds Kovsd Hawaiian Agricultural Society, Honolulu.
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roEEiGs rjfsTiTxraoxs ix coekespoxdexce with the smithsoxiax ixstitutiox,
DECEilBZE 31, 1-y^J.
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DISTRIBUTED TO THE FOLIjOWIXG X.\MED IXSTITCT10X6 AXD XXTUVIDUALS IX THE
rXITED STATES AXD BRITISH AMEKICA.
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Lltit of packages received by the Smithsonian Inslitution, .fc.—Coutiuucd.

UNITED STATES—Continued.

DiSTiiiCT OK Coi.usiuiA—Contmued.

Mint Bureau
>. utional Academy of Sciences
Katioual Museum
Nautical Almanac
jN'aval ObservatdTV
Navigation, Bureau of
Navy l-)(^paTtuicnt

Ordnance Deiijittnent
Patent Otiicc
Provost-Marshal General's Office
State Depaitment
Statistics, Bureau of
Suriieon-Gcnerals Office
Treasury Depai tmeut
War Department

GEOUGIA.

xVtlanta:
City Library

Auctusta:
Medical College

Savannah

:

Georgia Historical Sociiity

ILLINOIS.

Blooraington

:

Museum of Natural History
Carbondale

:

Southern Illinois Normal University
Chica^ro:

Academy of Sciences
Astronomical Society
Dearl)oi 11 Observatory
I<'re(! Libraiy
01)servat()iy
Public Lilirary
Hush Medical Ccllecro
State Jlicroscopical Society
University

Normal:
Illinois Museum of Natural Ilistorv

Ottawa:
Academv of Natural Scienc(!

S])! in'^lield:

Sti:te l.ibi-arv

llovk Island:
Augustana College

Indianapolis:
Academy of Sciences
Bureau of Statistics :ind Geoh)gy.
Geological Survey of Indiana ...

,

Owen Cabinet . .
.'

iow.\.

Davenport

:

Academy of Sciences
Des Moines:

An;ilyst
Governor of Iowa

,

State Library
State Un iversity

Dubuque

;

Iowa Institute of Science and Arts
Iowa City:

Iowa Weat her Service
University of Iowa

Lawi-ence:
Academy of Science

Topeka

:

Academy of Science
Kansas Historical Society

3

111
5
15
88
7

2

3

58
1

4

23
95

KEXTLCKY.

Frankfort

:

Geological Survey of Kentucky
Lexington

:

Transylvania Medical College
Louisvdle:

Medical Department, University of Louis-
ville '

Public Library

LOUISIANA.

Baton Uouge

:

Stat(i University
New Orle;-;ns:

A('adeniy of Science
L'Alheuee
Medical Department, University

isiana
State Library

jf Lou-

MAIXE.

Augusta:
Commiss: iner of .State

Natural History and Geological Soeii ly

Brunswick

:

Bo\, 'Join (Jollege '.

Historical Society
Portland:

Society of Natural History
Watciville:

Colby University

MAItYLANI).

Annapolis:
United States Naval Academy

Baltimore:
Academy of Sciences
American Jourmd of Clieiuistry
.Xmericau Jourii:il of Mathematics
Historic:il Society
.Joluis Hopkins I'uiversity

^Maryland Institute
Peabody Institute

MAS.SACnUSETTS.

Amherst:
Amherst College

Boston

:

American Academy of Arts and Sciences...
American Gynecological Society
American Naturalist
American Social Science Association
American Statistical Association
AthentCum
Boston Hospital
Boston I'ublic [..ibrary

Boston Scientilic Society
Boston Society of Naturid History
Bowditch Library
Commonwealth of Massacliusetts
Cliristiari liegister

City Library
Entomological Club "Psvfdie"
Massacliusetts Histoiical and Genealogical
Society *

Massachusetts Institute of Technoh)gy
Mayor of the city
Medical and Surgical Journal
New England Historic and Genealogical

Society
Prison Discipline Society
I'ublic I'Yee Li brary
State Board of Agiiculturc
St ate Board of Cliarit ies

State Board of He;dlh
State Library

3
1

4
1

K,
1

17!l

4

3

1

1

1

3

2
1

10

3

I

1

1

1

12
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List ofpackages received hy the Smithsonian Institution, cjx.—Continued,

UKITED STATES—Coutinued.

Itecipients.

Massachusetts—Contiuued.

Cambridge:
Botanical Museum
Entomological Club
Harvard College
Hairaid College Observatory
Lawrence Scientific School
Museum of Comparative Zoology
Kuttall Ornithological Club
Peabody Museum

Jamaica Plain:
Bussey Institution

Salem

:

American Association for the Advancement
of Science

American Naturalist
American Oriental Society
Esses Institute ,

Peabod v Academy
Williamstown:

Astronomical Observatory
W^orcester:

American Antiquaiiau Society

MICHIGAN'.

Ann Arbor

:

Geological Survey of Michigan
Observatory
Society of Agricultuie
University

Coldwater:
Michigan Library Association

Detioit:
Geological Survey of Michigan
btate Agricultural Society

Lansing

:

State Board of Health
State Library

MINNESOTA.

Minneajtolis

:

Academy of Sciences
University

Saint j'aul:
Chamber of Commerce
Historical Society of Minnesota

MISSOURI.

Glasgow:
Morrison ( )bservatory

Jefferson:
State Boaril of Agriculture

Kansas City

;

Kansas Review of Science, Arts, and In
dustry

Eol'la:

Geological Survey of Jklissouii

School of Mines
Saint Louis:

Academy of Science
Mercantile Library
Peabody Academy
Public Library
Public School Library
State Board of Agriculture
Washington Univeisity

NEW HAMPSHIRE.

Concord:
New Hampshire Historical Society

Hanover:
Dartmouth College
Observatory

132
2

Becipicnts.

NEW JEUSEY.

Hoboken

:

Stevens Institute of Technology .

.

Newark:
New Jersey Historical Society . .

.

New Brunswick:
Geological Society of New Jersey
But gers School '..

Princeton:
Green School of Science
College of New Jersey
Observatory

NEW YORK.

Albany

:

Adirondack Survey Office
Albany Institute
Dudley Observatory
Insurance Department
New York Medical society
Secretary of State
State Agricultural Society
State Cabinet of Natural History
State Library
State Museum of Natural History
University ..

Brooklyn :

Brooklyn Libiary
Entomological Society
Mercantile Library

Butl'alo

:

Bnffalo Historical Society
Buffalo Piactical School
Buffalo Society of Natural Sciences

Clinton

:

Litchfield Observatory of Hamilton College
Ithaca:

Cornell University
New York City :

Academy of Medicine
Academy of Science
American Agriculturist
American Chemical Society
American Chemist
American Ethnological Society .'..

American Geographical Society
American Institute ".

American luslitute of Aichitects
American Journal of Chemistry
American Journal of Microscopy
American Society of Civil Engmeers
A stor Library
Chamber of Commerce
College of Physicians and Sui'geons
Columbia College

,

Cooper Union
Engineering and Mining Journal
Lenox Library
Manufacturer and Builder
Mayor of the City
Mercantile Library Association
Meteorological Observatory
Metropolitan Museum of Arts
Museum of Natural History
New York Historical Society
New York Medical Journal
New Yoik Microscopical Society
New York San it ary Commission
New York Society Library
New York Society of Libraries
New York Times
Observatory Cetitral Park
Public Health Association
Sanitarian
School of Mines
Scientific American
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List ofpackages received hij the Smithsonian Instiiuiion, .fc.—Contiuued.

UNITED STATES—Continued.

Kecipients.

New Touic—Continued.

Van Nostrand's Magazine
University

Pouglikeopsio:
Society of Natural Sciences
Vassar College

Schenectady:
Union College

Troy

:

Rensselaer Polyteclinic Institute.

.

West Point

:

United States Military Academy ..

NORTH CAUOLINA.

Raleigh

:

State Library

Paclv
!
ages.

Ashtabula;
Anthropological Society

Cincinnati:
Astronomical Society
Cincinnati University
Geological Society
Medical College of Ohio
Mercantile Library
Observatory
Public Library
Society of Nat ui al History

Cleveland:
Kirtland Society

Columbus:
"

Geological Survey
State lioard of Agriculture
State Library ".

Gambier:
Kenyon College

Oberliu:
Oberlin College

Urbaua:
Central Ohio Scientiflc Association

Yellovv' Spring:
Antioch College

PENNSYLVANIA.

Allegheny

:

Allegheny Observatory
Bethlehem

:

Lehisb University
Easton

:

Institution of Mining Engineers
Pardee Science School

Hanisburg:
Second Geological Survey
State Libraiy

Philadelphia:
Academy of Fine Arts
Academy of Natural Sciences
American Entomological Society
American Journal oif Conchology
American Naturalist
American Pliarmaceutical Association
American Philosophical Society
Board of State Charities
Board of Trade
Central High School
Franklin Institute
Geological Society
Geological Survey of Pennsylvania
Historical Society .'

6
1

1

2

1

197
24
3
7

15
108

1

3
1

28
1

Recijiients.
Pack-
ages.

Pennsylvania—Continued.

Library Company
Library of Pennsylvania Hospital
Medical Times .

.'.

Mercantile Library
Ob.servatory Girard Collcue
Pennsylvania House of Refuge
Polytechnic Bulletin "

University of J'ennsy Ivaiiia
Wagner Free Institute
Zoological Garden
ZooloLiical Society

I'ittsbuTg:
Mercantile Library

RHODE ISLAND.

Providence

:

American Naturalist
Atl)en;eu!n
Blown University
Rhode Island Historical Society

SOUTH CAROLINA.

Charleston:
College of C barleston
Elliot Sot'iet y of Natural History
Library Society
Library, University of Charleston
Medical School of South Carolina
Society Library

('olunibia:
Soutli Carolina College Lil)raiy
University ".

TENNESSr.E.

Nashville:
State Library

TEXAS.

Chapel Hill:
Soul6 University

VER.MONT.

Burlington

:

University of Vermont
Casth'ton:

Orleans County Society of Natural Sciences

VIRGINIA.

Charlotteville:
University of Virginia

Hampton: -

Libr.iry of Hampton College
Lexington:

School of Engineers
Virginia Military Institute

Richmond:
Medical College
State Library

WISCONSIN.

Madison

:

State Agricultural Society •.

Stao His orical Society
Wisconsin Academy
"Wisconsin University

Milwaukee:
Natural History Society
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List of paclcages received iij the Smithsonian Institution, tj-c.—Continued.

BRITISH AMERICA.

Recipients.
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List ofpackages received by the Smithsonian Institution, cjc—Continued.

INDIVIDUALS—Cont inued.

Can-, Luc
Case, Leonard
Casey, Coloucl
Chaiuherlaiu, Dr. C. W ..

ChauibL-rs, Prof. V. T
Chanco, H. M
ChandlLT, Prof. Chailes F
Cbaii<Uer, S. Cjr
ChapiiKin, Dr. (J

Chick.Tms, Prof. J. AY ...

Clark, Ed
Coffin, Prof.J.KC
Comstock, Gen. C. B
Comstock, Prof. J. H
Conn,Dr.G.T
Cook, Prof. George H
Cook, Prof. J. P
Cope, Professor
Coppee, Prof. H
Corson, Prof. Hiram
Coues, Dr. Elliott
Coxc, E.I?
Cox, Prof.E.T
Crosbv, JosHph
Crosby, AV.O
Crumien, F. il
Cutts. Col. P. D
Dall, W.H
Dana, Prof E.S
Dana, Prof.J.D
Dana, Richard H
Darracb, Dr. James
Davis, H.C
Davis, Lieut, Com. C. 11 .

.

Davis, Mr
Davis, Ecar-Admiral
Davis, William M
Davidson, Prof. George. . -

Dawson Pros
Dawson, G eorgc M
Dawson, J. W
Dawson, Principal
Dean, John Ward
Dewey. Melvil

Dike, Camden
Dinwiddle, R
Dobson, James
Dobson, John
Dodiic, A. G. Phelps
Dollov, Dr. S. Pv. A
Doolittlc, M. H
Douglas, Fred
Dow, Capt.J. M
Dow, Hon. Ne-^l
Downes, John
Draper, Dr. Daniel
Draper, Dr. H
Draper, L. C
Dufrasue, Abbe
Duttoii, Captain
Eastman, Prof. J. R
Eaton, Hon. John
Eaton, William S
Edwards?, H
Egleston, Professor
Elliot, Dav. Giraud
Elliott, E. P,

Elliott, Samuel
Ellis, J. B
Ellis, Rev. George E
Emerson, Prof. G. B
Emmons, S. P
Endlich, Dr. F, M
Engelnian. Dr. George
Ericson, Captain
Eva&s, JohnD
Everett, Pereival L
Ewiirt, JohnG

Fairey, Richard
Farlow, Prof. W. G
Farquhar, E.J
Farquharson. Dr. R. I . .

.

Ferrel, Prof. W
Fi(>ld, D. Dudley
Fields, James F
Fisher, Dr. G. J
Fiss, George W
Flan-, Samuel
Flags, M.C
Fletc'her, Dr. R
Flint, W
Fliigel, Hermann
Fontaine, Professor
Forbes, Dr. R.W
Fort in. Dr. PieiTe
Fowler, Rev. James
Frazer, Persifor
Fristoo, Prof E. T
Frisby, Prof. E
Frothimiham, Mr
Fuller, H.W
Furuess, H. H
Gale, Dr. L. D
Gallaudet, Dr. E. M
Gait, 8ir A. J
Gauigee, Professor
Gannett, Henrv
Gannett, Rev. W. C
Gant, James A
Gardner, Hon. W. S
Garnett, Dr. A. G. P
Gamett, Dr. S. G. P
Gatschet, Albert
Genth, Dr. F. A
Gii)bs Philip H
Gibbs, Prof. L. R
Gibbs, Prof. Wolcott....
Gilbert, G. K
Gill, Dr. T. N
Gilpin, Bernard
Goodall, A. Vt

Goode, G. Brown
Goodfellow, Ed.
Graves, Doctor
Gray, Prof. A sa
Gray, Hon. Horace
Green, B. R
Green, Prof. S. S
Greene, Lieut. F. V ,

Greene, Mrs. B. D ,

Grew, Henry S
Guyot, Professor
Ha.gon, Prof. U. A
Haines, Col, P. C
Halo, Hon. Georce S
Hall, Prof. A...:
HaU, Prof. C. E ,

Hall, Prof. James ,

Hambach, Dr. G
Hammond, Dr. W. A
Hanks, I
Hanson, P ,

H.arding, C. L
Harding, Edgar
Harding, GeorgeW
Harkness, Professor
Harrington, Dr. B. J
Harris, Clarendon
Harvey, L. F
Hathawav, C. L
Hawlev, H. O
Ha^ deii, D. H
Hayden, Prof. F. V
Heatherington, A. H.
Hedrick, Prof, B. S
Kedrick, John T
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List ofpackages received by the Smithsonian Institution, ifc—Continued.

IXDIVIDUALS—Continued.

Names.

Henry, James
Henry, Mrs
Hes8," Miss SaUie A
Higgins, E. S
Hilaebrand, E
HUgard, Prof. J. E
HiU, George W
Hind, Prof. H. T
Hinde, George J
Hinrichs, Prof. G
Hitchcock, Professor
Holimann, Dr. W. J
Holden, Prof. E. S
Holmes, N
Holmes, Dr. O. W
Holmes, W. H
Holtzcr, Charles W
Horn, Mr
Horn, G. A
Honnh, Frank B
no\v';Prof.U
Howell, Prof. E. E
Howgate, Capt. H. W
Huart, Abbe V'ictor
Hud.sou, B
Humphreys, General A. A .

Hunt, Charles O
Hunt, Prof. J. Henry
Hyatt, Prof. A
Jackson. A. "W., jr
James, Prof. W
Janes, Rev. Owen
Jarvais, Dr. Ed
JeUitle, Sanuiel G
Jenkins, Admiral
Johnson, A. B .

Johnston, Dr. "W. W
Jones, C. C
Jones, J. Matthew
Joy, Prof. Charles A
Kendall, Prof. E. O
Kerr, Prof. W. C
Kidder, Dr. J. H
KilbouiTio, Lieutenant
Kimball, I. P
King, Dr. A. F. A
King, Prof. Clarence
Kingsley, W. L
Kingston, G. T
Kirkwood, Prof. Dr. Daniel
Knapp, Dr. James
Knox, J. J
Laflamme, Prof. J. C. K
Laforme, J. A
Lane, Geoige M
Lane.W.C^
Langley, Prof. S. P
Lawrence, George N
Lawrence,n.D
Lawrence, Hon. W. B
Lea, Dr. I.'iaac

Le Conte, Dr. John L
Lc Conte, Prof. John
Le Conte, Prof. Joseph
Lee, Admirals. P
Lee, Dr. William
Lees, John H
Leidy, Dr. Joseph
Lesley, J. P
Lesquereux, Leo
L'Gtiiicrnntz. G.A.M
Lincoln. Dr. N. S
Linden, Prof. Leopold
Livermore, llov. Dr
Lockwood, Prof. S
Loomis, Prof. E
Lovcring, Prof Joseph
Lowe, F.'C

Pack-
ages.

Names.

Lyman, Professor
Macfarlane, II. M ,

Maconn, Prof. J ohn
Maisch, John M
Mallei V, Colonel
Mallet t. Prof. J.W
Mann, Mrs. Horace
Mauuigault, G. E
Marcou, Prof. Jules
Marcou, Phil. B
Marcy, Prof. Oliver
Marsii, Prof O. C
Martin, H.N
Marvin. J.B
Mason, Prof. O. T
Matthews, G.F
Mayer, Prof Alt". M
McCagg, Ezra B
Mc( 'licsney, Josei^h
Mc("rcatli,'A.S ,

McCre, W.J
McGuire, F. B
McLaughlin, W.K
McLennan, K
Meigs, Dr. Aitk(>n
Meigs, General M. C
Miller.S.A
Mohr, Paul
Morong, llev. Thomas
Morse, Prof. Dr
Morton, President H
Mo.sely, Edward S
Mosman, Alonzo F
Moulding, Thomas
Murray, William
Myer, General A.J
Nagle, Dr. John T
Newberry, Dr. I. S
Neweomb Prof. S
Newton, H
Nc^wtou, Prof. H. A
Nicholson, W. H
Nicholson, W. L
Nipher, Prof. F. E
Nordboff.C
Norris, J. Parker
Nourse. Prof. J. E
Oliver, Dr. t). C
Olmstead, Roy. L. G
Ordway, Dr. A
Osborne.J.W
Otis, Dr. G. A
Otto, Rev.E
Outerbridgo & Co
I'ackard, Prof. A. S., jr ..

.

Packard. Dr. JohnH
Packer. n.E
Paine, Prof. Martin
Parke, Gi neral J. G
Parker, Dr. Peter
Parkhur.st. H. M
Parkman, Prof. Francis. .

.

Parry,Dr.C.C
Patter.son, Capt. C. P
Paul,F.M
Pearson, Jonathan
Peck, Charles n
Peet, Ki-v. Stephen
Pcirce, Prof. B
Peters Prof C.H.F
Peters, G. F
Phillips, Henry
Pickering, Prof. Edward C
Pickering, Henry
Pierce, Prof B. .".

Poe, General O. M
Poesche, Theodore
Poole, Herman
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List ofpackages received hij the Smithsonian Institution, .Jc.—Continued.

IJfDIVIDFALS—Continued.

Xames.
Pack-
ages.

Pourtales, Prof. L.M
Powel, Saruuel
Powi'll, Prof. J. W
Prentiss. Prof. D.W
Prime, Fred
Prinnle.C.G
Pritcliett, C. W ,..

Proiit, Ur. II. U
Proviincber. Abbe
Piinii>ell V, llalph
Putnam,' F.W
Putnam, J. Duncan
Quincy, Miss E
Quincy, General S. M
Quincy, Hon. Josiah
Kau, i)r. ( lliarlcs

Redtield, Professor
Kidgwav, K •

raicv.Prof.C. V
ELsin?, Prof. W. P. ,

Kitter, W. F. McK
Ivoberts. Geor!ri>

Pvobinscn, R. W ,

Kock, Miles
Rodgers, Admiral John ..

lloebuck, Ur. P. J
lloessler, Doc tor
Koessler, F. E
lioser-s, Prof. F
Ptosir.s, Prof W. A
liocccra, Prof W. B
Kominiicr, Professor
Rood, Prof. O. N
Rowland, Prof F. A
Roy, Mrs. William
Rjycr, C. C
Russell, Lindsev
Rutherford, L. M
Sallord, Prof. James
Satlord, Prof T. n
Salisl)ury, E. E
Salisbnry, Prof. Stephens.
Sanl)oni, S. Prooks
Sands, Admiral
Sanlbrd, Jolm E
Savillo, James n
Schott, Dr. Charles A
Schneider, F
Schrader, August
Schurz, II(>n. Carl
Scbustir, M
Scudder, Dr. S. H
Scudder, R. n
Searle, Arthur
Searle, Rev. G. M
Sehvyn, A. R. C
Serjeajit, Professor
Setchel, T. H
Shaler, Piof. N. S
Shepherd, Pi of n. E
Sherman, Gi>neral W. T . .

.

Sherman, lion. John
Sherwood, Andrew
Sigsbee, L. O
Sig.sbee,L P
Sdliman, Prof. B
Simon. Dr. Wil ,

Slater, II. >r.,.ir ,

Smith, Dr. George ,

Smith, E. A ,

Smith, Mrs. Alex
Smith Prof E
Sniifh, W. II
Smith, J. Q
Smith, Prof. H. L
Smith,Prof J. L
Smock. J. C
Snow, Dr. E

Ifames.

Spencer, Prof J. W
Spotibrd, A. R
Stearns, R. E. C
Steeves, F. 11

Stevens, Mr
Stevenson, ^Y. C
Stewart, Dr. James O
Stockwell, John N
Storer, Professor
Strecker, H
SwaUow, Prof. G. C
Sweet, E.G
Swift.L ,,.

Sylve-ster, Prof.' J
Taft,R.C
Tanner, Lieut. Z. L
Taylor, W. B
Thome, Dr. S.n
Thom.son, J. n
Thurston, R. II

Tilton. Capt. McLane
Todd.D.P
Tolles, Robert B
Toner.Dr. J.M
Toomer, James II

Torrey, Prof H. W
Trouvelot, L
Trover, C
Tuckermann, Prof. Edw .

Turner, T. J
Twining, Major
Twining, Professor
Upton, Hon. J. K
Vasey, Dr. George
Vena hie. Prof Charles S .

Venning, W. II

Terrill,'Prof. Dr
Von Name, Addison
TVachsmutli Charles....
Walker, General F. A. . .

.

Ward, Georjic Cabot
Ward, Prof. n. A
Ward, Lester F
Ward,R.n
Warder, Dr. A
Warren, General G. K . .

.

WaterstowTi, liev. It. ('
.

Wat.son, Prof. James C .

,

Watt, David A. P
Webster, Prof. H. E
Weeden,W.B
Welling, Dr. J. C
Werner, Prof, n
Weston,H.C
Wheatlev, Prof CM...
Wheeler, Capt. G. M ...

.

Whipple, George M ...

Whitcher, Hon. W. F . .

.

White, Dr. C. A
White, Dr. Charles H . .

.

I

White, Prof. R. Grant .

.

Whiteares, J. F
!
Whitmore, W. H
Whitney, n. A

!
Whitnev, Prof J. D ....

Whitney, Prof. W. D ...

;
AVhittier, John G
Wigglesworth, Dr. E ...

Wigglesworth, Mrs. E ..

j

Wilder, Prof B. G
Willev, Henry

' Williams, Da'vid
• Williamson, Col. R. S ...

Wilmot, Samuel

I

Wilson, Col. John M
Wilson, Hon. J. O

i
Willson, RobertW
Winchcll, Prof Alex . .

.
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List of packages recdved hy the Smithsonian Institution, tj-c.—Continued.

INDIVIDUALS—ContiBued.

Names.

Wmcliell,Prof.N.H.
Winslow, Erving
"Winyor, Justin
Wolcott C. B
Woo(l,rrof. H.C ....

"Wood, William & Co
Woodbury, Hon. C. L
Woodward, Dr. J. J.

.

Woodworth, Dr. J.M

Pack-
i ages.

Names.

Worthen, Prof. A. H
AViisht, Prof. A . . .

.

Wii'dht, Prof A. W.
Wyman, Prof M . .

.

Young, Prof C. A .

.

Young, Clarence B .

YaiTow, Doctor
Youmans, Dr. E. L .

.

Zaremba,Dr.C.W..

Pack-
ages.

EEGAPITULATION.

Alabama
Arkansas ,

California ,

Colorado
Connecticut
District of Columbia
Georgia ,

Illinois ..._.

Indiana . .
.'

Iowa
,

Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Missouri

Institutions.
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Bos "N " of government exchanges was sent to the following-named governments

:

Argentine Confederation.
Bavaria.
Belgium.
Brazil.
Buenoa Ayres.
Canada.
Chile.
Denmark.
France (one for government, one for distribution
among the departments).

Germany.
Great Britain.

Greece.
Hayti.
Japan.
Mexico.
Netherlands.

New South "Wales.
New Zealand.
Norway.
Ontario (Canada).
Portugal.
Prussia.
Queensland.
Saxony.
S[iaiu.

Sweden.
Switzerland.
South Australia.
Tasmania.
Turkey.
"Venezuela.
"Victoria.

"Wiirtemberg.

England also received box M, withheld from last year's sending.
For the Government of Italy 13 boxes (A to N) are ready and awaiting orders for shipment.

ESTABLISHMENTS DESIGNATED FOR THE RECEPTION OF GOVERNMENT EXCHANGES.

Establishments.

Argentine Confederation
Belgium
Brazil
Buenos Ayres
Canada .'

Ontario
Chile
Denmark
Franco
Germany

Bavaria
Piiissia
Saxony _

AViirtemberg
Great Britain
Greece
Hayti
Japan
Mexico
Netherlands
New South "Wales
New Zealand
Norway
Portugal
Queensland . -

Spain
Sweden
Switzerland
South Australia
Tasmania
Turkey
Venezuela
"Victoria

Government, Buenos Ayres.
Commission Beige d'fichanges Internationaux, Brussels.
Government, llio Janeiro.
Govornmeut, Buenos Ayres.
I'arlianientary Library, Ottawa.
Legislative Lil)rary, Toronto.
Government, Santiago.
Koyal Library, Copwihagen.
Commission Frau(j'aiso des l^changes Internationaux, Paris.
Beiehstags Bibliotliek, Berlin.
lloyal Librai'v, Miinehen.
Boyal Library, Bi;rlin.

Royal Library, Dresden.
Boyal Library, Stuttgart.
British Museum, Loudon.
G overnment. Athens.
Secretaire d'ltltat des Relations Ext^rieures, Port-au-Prince.
Ministere des Allaires Etraugeres, Tokio.
Government, ilexieo.
Royal Library. The- Hague.
Koyal Society of New South "Wales, Sydney.
Parliament aiv Library, Wellington.
K. Norske Fredericks Universitet, Christiania.
Goveiiiinciit, IjislidU.

Goveninieut, Brisliane.
Giivernnient, ^Madrid.
Govcrimient, Stoekliulm.
Bundes Kanzlei, Bern.
Government, Adelaide.
I'arliamentary Library, irol)arton.

Government, < "oust autinoplo.
Government, Carai'as.

Public Library, Melbourne.

RECAPITULATION.

KECEIVED.

1 . For home distribution
2' For distribvitiou abroad i

3' For government exchange

DISTRIBUTED.
1. Smithsonian exchanges

:

To establislimeiits abroad, 233 boxes
To homo institutions and individuals

2. Government exchauaes

:

To governments abroad, 35 boxes (N), containing 187 documents each

To Library of Congress, 2 copies each of 304 sets of documents

Parcels. Parcels

6,670
14, 175

15, 200
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LIST OF PERIODICALS EECEIVED BY THE SMITHSONIAN
INSTITUTION.

The followiug is a list of tbe Periodicals received by tlie Smithsonian

Institution (exclusive of tbe Transactions of learned Societies), a large

portion of them being presented by the publishers in exchange for the

Annual Eeports or other publications

:

Aborigines' Friend. London, England. Ir.

Academy. London, England. Weekly.

Aeronaute. Paris, France. Monthly.

Allgemeiue Bibliographic. Leipsic, Saxony. Monthly.

American Architect and Buildiug News. Boston, Mass. Weekly.

American Bookseller. New York, N. Y. Weekly.

American Chemical Journal. Baltimore, Md. Monthly.

American Gas Light Journal. New York, N. Y. Semi-monthly.

American Journal of Insanity. Utica, N. Y. Quarterly.

American Journal of Mathematics, Pure and Applied. Baltimore, Md.

Quarterly.

American Journal of Otology. New York. Quarterly.

American Journal of Pharmacy. Philadelphia, Pa. Monthly.

American Journal of Science. New Haven, Conn. Monthly.

American IManufacturer and Iron World. Pittsburgh and Philadelphia,

Pa. Weekly.

American Monthly Microscopical Journal. New York, N. Y. Monthly.

American Naturalist. Philadelphia, Pa. Monthly.

Anales de la Asociacion Larrey. Mexico. Ir.

Anales de la Real Academia de Ciencias Medicas, Fisicas y Naturales

de la Habana. Havana, Cuba. Monthly.

Anales del Museo Nacional de Mexico. Mexico. Ir.

Analyst. Des Moines, Iowa. Monthly.

Annales et Bulletin de la Societe de Medecine de Gaud. Ghent, Bel-

gium. Monthly.

Annales des Mines. Paris, France. , Bi-monthly.

Annales des Pouts et Chaussees. Paris, France. Monthly.

Annales de la Societe d'Horticulture de I'Allier. Moulins, France. Ir.

Annals and Magazine of Natural History. London, England. Monthly.

Annals of the New York Academy of Sciences. New York, N. Y. Ir.

Annuaire de la Societe Meteorologique de France. Paris, France. Ir.

Antiquary. London. Monthly.

Arbeiterfreund (Der). Berlin, Prussia. Bi-monthly.

Archaeological Journal. London, England. Quarterly.

Archiv der Mathematik und Physik. Leipsic, Saxony. Bi-monthly.

Archiv der Pharmacie. Halle a. d. Saale, Prussia. Monthly.
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Arcliiv des Historiscliea Vereius vou Uuterfranken uud Ascliaffenburg.

Wiirzburg. Bavaria. Ir.

Archiv fiir Anatomie and Physiologie. Leipsic, Saxony. Bi-niontlily.

Archiv fiir Naturgescliiclite. Berlin, Prussia. Ir.

Arcliiv fiir Pathologisclje Anatomie, nnd fiir Klinisclie Medicin. Ber-

lin, Prussia. Montbly.

Arcliives Neerlandaises des Sciences Exactes et lS"aturelles. The Hague,

Holland. Ir.

Archivio per 1' Autropologia e la Etnologia. Florence, Italy. Quarterly.

Art Dentaire. Paris, France. Moutlily.

Atbenieum. London, England. Weekly.

Atlienajum Beige. Brussels, Belgium.

Atlanta Eepublican. Atlanta, Georgia. Weekly.

Atti dell' Accademia Pontifica. Rome, Italy. Ir.

Atti della Societa di Acclimazione e di Agricoltura in Sicilia. Palermo,

Italy. Monthly.

Auxiliador da Industria Nacional. Eio de Janeiro, Brazil. Monthly.

Bayeriscbes Industrie- nnd Gewerbe-Blatt. Munich, Bavaria. Bi-

monthly.

Beitriige zur Statistik Mecklenburgs. Mecklenburg- Schweriu, Ger-

many. Ir.

Berliner Entomologische Zeitschrift. Berlin, Prussia. Ir.

Boletiu de la Sociedad de Geografia de Madrid. Madrid, Spain. Ir.

Boletin de la Sociedad Mexicana de Geografia y Estadistica. Mexico. Ir.

Bolletino. P. Comitato Geologico d' Italia. Rome, Italy. Monthly.

Bolletino della Societa Adriatica di Scienze Naturali. Trieste, Aus-

tria. Ir.

Bolletino della Societa Geograflca Italiana. Rome, Italy. Monthly.

British Journal of Photography. London, England. Weekly.

Bulletin de I'Academie Imperiale des Sciences de St. Petersbourg. St.

Petersburg, Russia. Ir.

Bulletin de I'Academie de Medecine. Paris, France. Weekly.

Bulletin of the American Geographical Society. New York. Ir.

Bulletin of the Brooklyn Entomological Society. Brooklyn, K Y.

Monthly.

Bulletin du Canal Interoceanique. Paris, France. Bi-weekly.

Bulletin of the Essex Institute. Salem, Mass. Quarterly.

Bulletin Hebdomadaire de FAssociation Scientifique de France. Paris,

France. Weekly.

Bulletin Meteorologique du I^ord. Copenhagen, Denmark, rilontlily.

Bulletin of the Xuttall Ornithological Club. Cambridge, Mass. Quar-

terly.

Bulletin de la Societe d'Acclimatation. Paris, France. Monthly.

Bulletin de la Societe d'Apiculture de la Giroude. Bordeaux, France.

Monthly.
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Bulletin de la Soci6t(^ d'Agriculture, ludustrie, Science et Arts du De-

partement de la Lozere. Mende, France. Monthly.

Bulletin de la Societe d'Agriculture, Science et Arts. Poligny, France.

Monthly.

Bulletin de la Societe d'Agriculture, Sciences et Arts de la Sarthe. Le

Mans, France. Ir.

Bulletin de la Societe d'Antbropologie de Paris. Paris, France. Ir.

Bulletin de la Societe Arcbeologique de Beziers. Beziers, France. Ir.

Bulletin de la Societe Arcbeologique de TOrleanais. Orleans, France.

Ir.

Bulletin de la Societe Centrale d'Agriculture et des Cornices Agricoles.

Montpellier, France. Ir.

Bulletin de la Societe Geologique de France. Paris, France. Ir.

Bulletin de la Societe de Geograpliie. Paris, France. Monthly.

Bulletin de la Societe Imperiale des Naturalistes de Moscou. Moscow,

Russia. Quarterly.

Bulletin de la Societe Industrielle de Mulhouse. Miihlhausen, Alsace.

Monthly.

Bulletin de la Societe Mineralogique de France. Paris.

Bulletin de la Societe Philomathique de Paris. Paris, France. Bi-

monthly.

Bulletin de la Societe des Sciences Naturelles de ISTeuchatel. Keuf-

chatel, Switzerland. Ir.

Bulletin de la Society Yaudoise des Sciences Naturelles. Lausanne,

Switzerland. Ir.

Bulletinodella Societa Entomologica Italiana. Florence, Italy. Monthly.

Bulletino della R. Societa Toscana di Orticoltura. Florence, Italy.

Monthly.

Byron. Athens, Greece. Monthly.

Canadian Antiquarian and Numismatic Chronicle. Montreal, Canada.

Quarterly.

Canadian Entomologist. Toronto, Canada. Monthly.

Canadian Journal of Science, Literature, and History. Toronto, Can-

ada. Quarterly.

Canadian Naturalist and Geologist. Montreal, Canada. Bi-monthly.

Chemical News. London, England. Weekly.

Chemist and Druggist. London, England. Monthly.

Chicago Field. Chicago, 111. Weekly.

Cincinnati Lancet and Clinic. Ohio. Weekly.

Cincinnati jMedical Advance. Cincinnati, Ohio. Monthly.

Comet. Jackson, Miss. Weekly.

Congressional Record. Washington, D. C. Daily.

Oontemporary Review. (Am. reprint.) New York, N. Y. Monthly.

Cosmos. Turin, Italy. Monthly.

Cultivator and Country Gentleman. Albany, N. Y. Weekly.
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Deutsclie Industrie-Zeitung. Clierauitz, Saxony. Weekly.

Deutsche Euudscliau f'iir Geograpliie uud Statistik. Vienna, Austria.

Monthly.

Deutsche Vierteljahrschriit ftir Zahuheilkuude. Leipsic, Saxouy.

Quarterly.

Eclectic Medical Journal. Cincinnati, Ohio. Monthly.

Emulation Jurassienne. Porentruy, Switzerland. Monthly.

Endowment Journal. Washington, D. C. Monthly.

Engineering and Mining Journal. New York. Weekly.

English Mechanic. London, England. Weekly.

Entomologisk Tidskrift. Stockholm, Sweden. Quarterly.

Erdelyi Muzeum. Klausenburg. Hungary. Monthly.

Essex Institute Historical Collection. Salem, Mass. Quarterly.

Evening Critic. Washington, D. C. Daily.

Evening Star. Washington, D. C. Daily.

Field. London.

Fishing Gazette. London. Weekly.

Foreign Missionary. New York, N. Y. Monthly.

Forest and Stream. New York, N. Y. Weekly.

Gaceta Cientifica de Venezuela. Caracas, Venezuela. Ir.

Gaceta Medica. Mexico. Monthly.

Gartenfreuud. Vienna, Austria. Monthly.

Giornale della E. Accademia di Medicina di Torino. Turin, Italy. Ir.

Giornale Agrario Itaiiano. Forli, Italy. Bi-weekly.

Giornale ed Atti della Societa di Acclimazione e di AgricolturaiuSicilia.

Palermo, Sicily.

Graphic. New York. Daily.

Guide dti Naturaliste. Paris, France. Bi-weeldy.

Harper's New Monthly Magazine. New York, N. Y. Monthly.

Harper's Weekly. New York. Weekly.

Herald of Peace. London, England.

Historical Collecticms of the Essex Institute. Salem, Mass. Quarterly.

Ibis, a Magazine of General Ornithology. London, England. Quar-

terly.

Internationale Freundschafts- & Handels-Beziehungen mit Slidamerika,

Nordamerika, Australasien, Indien, China, Japan, etc. Vienna, Aus-

tria. Weekly.

Inter-Ocean. Chicago, 111. Daily.

Investigateur. Paris, France. Monthly.

Irrenfreund. Heilbroun, Wiirtemberg. Monthly.

Italia Agricola. Milan, Italy. Bi-Weekly.

Jahrbiicher fur die Deutsche Armee uud Marine. Berlin, Prussia.

Monthly.
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Jalirbuch der K. K. Geologisclieu Eeiclisanstalt. Vienna, Austria.

Quarterly.

Jeuaiscbe Zeitsclirift filr Meclicin und Naturwissenscbaft. Jena, Saxe-

Weimar. Ir.

eTournal of Academy of Natural Sciences of Philadelphia. Philadel-

l)hia, Pa. Quarterly.

Journal of the Agricultural and Horticultural Society of India. Calcutta,

India. Ir.

Journal of the Eoyal Agricultural Society of England. Loudon, Eng-

land. Half-yearly.

Journal of the Anthropological Instttute of Great Britain and Ireland.

London, England. Quarterly.

Journal of Applied Sciences. London, England. Monthly.

Journal of the Asiatic Society of Bengal. Calcutta, India. Quarterly.

Journal of the Royal Asiatic Society of Great Britain and Ireland. Lon-

don, England. Quarterly.

Journal [formerly Archives] of Comparative Medicine and Surgery.

IS'ew York, N. Y. Quarterly.

Journal of Conchology. Leeds, England. Quarterly.

Journal of the Royal Dublin Society. Dublin, Ireland. Ir.

Joui^nal of Education. Quebec, Canada. Monthly.

Journal of Education. Toronto, Canada. Monthly.

Journal of the Franklin Institute. Philadelphia, Pa. Monthly.

Journal G<Sneral de I'Instruction Publique. Paris, France. Weekly.

Journal of the Eoyal Geological Society of Ireland. Dublin, Ireland. Ir.

Journal of the Royal Historical and Archfeological Association of Ire-

land. Kilkenny, Ireland. Quarterly.

Journal d'Hygi^ne. Paris, France. Weekly.

Journal of the Institute of Actuaries. London, England. Quarterly.

Journal de I'Instruction Publique. Montreal, Canada. Monthly.

Journal fiir Landwirthschaft. Celle, Germany. Quarterly.

Journal Mensuel des Travaux de 1'Academic Rationale, Agricole, etc.

Paris, France. Monthly.

Journal of the Royal Microscopical Society. London, England. Bi-

monthly.

Journal of Kervous and Mental Diseases. Chicago, 111. Quarterly.

Journal and Transactions of the Photographic Society of Great Britain.

London, England. Monthly.

Journal of the Proceedings of the Linnean Society of London. London,

England. Ir.

Journal des Savants. Paris, France. Monthly.

Journal of Science. Chicago, 111. Monthly.

Journal of the Scottish ]\Ieteorological Society. Edinburgh, Scotland.

Ir.

Journal of the Statistical Society. London, England. Quarterly.

Journal de la Societe Centraled'Horticulture. Paris, France. Monthly.

Journal of the Society of Arts. London, England. Weekly.
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Kansas City Eeview of Science and Industry. Kansas City, Mo. Monthly.

Kunst ini Gewerbe. Hanover, Prussia. Bi-monthly.

Land and Water. London, England. Weekly.

Landwirthschaftliche Jahrbiicher. Berlin, Prussia. Bi-monthly.

Land- u. Forstwirthschaft. Zeitung der Provinz Preussen. Konigs-

berg, Prussia. Weekly.

Life-Boat. London, England. Quarterly.

Live-Stock Journal. London, England.

London, Edinburgh and Dublin Philosophical Magazine, etc. London,

England. Monthly.

London Illustrated News. Loudon, England. Weekly.

La Lumiere I^lectrique. Paris, France. Monthly.

Madras Journal of Literature and Science. Madras, India. Ir.

Magaziu fiir die Literatur des Auslaudes. Berlin. AVeekly.

Manual of Conchology. Philadelphia. Quarterly.

Maryland Farmer. Baltimore, Md. JMonthly.

Materiaux jjour I'Histoue primitive et naturelle de I'Homme. Toulouse,

France. Monthly.

Medical Advance. Cincinnati, Ohio. Mouthly.

Medical and Surgical lieporter. Philadelphia, Pa. Weekly.

Medical Times. London. Weekly.

Memorabilien. Heilbronn, Wurtembcrg. IMonthly.

Memorie della Societa degli Spettroscopisti Italian!. Palermo, Italy.

Monthly.

Memoires d'Entomologie. The Hague, Netherlands.

Messager Agricole. Montpellier, France. Monthly.

Messager Franco-Americain. New York, N. Y. Daily.

Messenger of Peace. New Vienna, Ohio. Monthly.

Meteorologische Beobachtungen. Zurich, Switzerland. Ir.

Meteorological Observations made at the Government Observatory.

Sydney, New South Wales. Monthly.

Midland Naturalist. Birmingham, England. Monthly.

Mineralogical Magazine. Truro, England. Quarterly.

Mining Record. New York. Weekly-.

JNIittheilungen der Anthropologischen Gesellschaft. Vienna, Austria.

Ir.

Mittheilungen aus dem Gebiete des Seewesens. Pola, Austria. Ir.

Mittheilungen der K. K. Geographischen Gesellschaft. Vienna, Aus-

tria. Monthly.

Mittheilungen aus Justus Perthes Geographischer Anstalt. Gotha,

Saxe-Koburg-Gotha. Monthly.

Mittheilungen des K. K. Oesterr. jNInseum fiir Kunst u. Industrie.

Vienna, Austria. Ir.

Mittheilungen der Schweizerischen Entomologischeu Gesellschaft.

Schaffhausen, Switzerland. Monthly.
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Mittheilungen des Vereins fiir Hamburgisclie Geschiclite. Hamburg,

Germany. Ir.

Monatsbericht der KonigL Preuss. Akad. der Wissenscliaften zu Berlin.

Berlin, Prussia. Monthly.

Monthly Index. Kew York. Weekly.

Monthly Eecord of the Five Points House of Industry. New York, N. Y.

Monthly.

Morx3hologisches Jahrbuch. Leipsic, Saxony. Quarterly.

l^ation. New York. Weekly.

National Republican. Washington, D. C. Daily.

Naturaliste Oanadien. Cap Rouge, Quebec, Canada. Monthly.

Nature. London, England. Weekly.

Naturaleza. Mexico. Ir.

Naturforscher. Berlin, Prussia. Weekly.

Naturhistorisk Tidskrift. Copenhagen, Denmark. Ir.

Neue Deutsche Gewerbe-Zeitung. Leipsic, Saxony. Bi-monthly.

New England Historical and Genealogical Register. Boston, Mass.

Quarterly.

New York Medical Eclectic. New York, N. Y. Monthly.

New York Tribune. New York, N. Y. Daily.

Nineteenth Century. (American reprint.) New York, N. Y. Monthly.

Nordisk Tidskrift for Filologie. Copenhagen, Denmark.
North American Review. New York. Monthly.

Northwestern Trade Bulletin. Milwaukee, Wis. Weekly.

Notizblatt des Deutschen Vereins fiir Fabrication von Ziegel, Thon-

waaren, Kalk und Cement. Berlin, Prussia. Quarterly.

Nouvelles Meteorologiques. Paris, France. Ir.

Numismatic Chronicle and Journal of the Numismatic Society. London,

England. Quarterly.

Nuovo Gioruale Botauico Italiano. Pisa, Italy. Quarterly.

Nyt Magazin fiir Naturvidenskabernes. Christiania, Norway. Quar-

terly.
•

Observatory. London, England. Monthly.

Oesterr-Ungar. Fischerei-Zeitung. Vienna, Austria. Weekly.
Oesterreichisch - Ungarische Sparkassen-Zeitung. Vienna, Austria.

Weekly.

Our Dumb Animals. Boston, Mass. Monthly.

Penn Monthly Magazine. Philadelphia, Pa. Monthly.
Pharmaceutical Journal and Transactions. London, England. Monthly.
Pharmacist. Chicago, 111. Monthly.

Philadelphia University Journal of Medicine and Surgery. Philadel-

phia, Pa. Monthly.

Photographische Correspondenz. Vienna, Austria. Monthly.
Popular Science Monthly. New York. Monthly.

Popular Science Review. London. Quarterly.
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Prairie Farmer. Chicago, 111. Weekly.

Psyche. Cambridge, Mass. Monthly.

Public Ledger. Philadelphia, Pa. Daily.

Piibblicazioni del Circolo Geografico Italiano. Turin, Italy. Bi-monthly.

Publishers' and Stationers' Weekly Trade Circular. New York, N. Y.

Weekly.

Publishers' Weekly. New York. Weekly.

Puck. New York, N. Y. Weekly.

Quarterly Journal of the Chemical Society. London, England. Monthly.

Quarterly Journal of the Geological Society of London. London, Eng.

Quarterly Journal of the Meteorological Society. London, England.

Quarterly Weather Eeport of Meteorological Office. London, England.

Beading Times and Dispatch. Eeading, Pa. Daily.

Eepublic. Washington. Weekly.

Eevue Agricole, Industrielle, Litteraire et Artistique. Valenciennes,

France. Monthly.

Eevue G6ographique Internationale. Paris, France. Monthly.

Eevue Maritime et Coloniale. Paris, France. Monthly.

Eevue M<Sdicale de Toulouse. Toulouse, France. Monthly.

Eevue Politique et Litteraire. Paris, France. Weekly.

Eevue Savoisienne. Annecy, France. Monthly.

Eevue Scientifique de la France et de I'Etranger. Paris, France.

Weekly.

Eevista de la Arquitectura. Madrid, Spain. Monthly.

Eevista Cientifica Mexicana. Mexico. Monthly.

Eevista General de Comuuicaciones. Havana, Cuba. Monthly.

Eoyal Astronomical Society. London, England. Monthly notices.

Sanitarian. New York. Monthly.

Schulzeitung fiir die Ilerzogthumer Schleswig-Holstein und Lauenburg.

Kiel, Prussia. Weekly.

Science Gossip. London. Monthly.

Science Observer. Boston, Mass. Monthly.

Scientific American. New York, N. Y. Weekly.

Scientific American Supplement. New York. Weekly.

Scottish Naturalist. Edinburgh, Scotland. Quarterly.

Sitzungsberichte der Naturw. Gesellschaft Isis. Dresden, Saxony.

Monthly.

Societe Centrale des Architectes. Paris, France. Monthly.

Societe Linueenne du Nord de la France. Amiens, France. Monthly.

Symons's Monthly Meteorological Magazine. London, England.

Monthly.

Technische BKLtter. Prague, Austria. Quarterly.

Telegraph Journal. London. Weekly.

Tijdschrift voor Entomologie. Leiden, Holland. Ir.
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Tidsskrift for Popul.nere Fremstillinger af Naturvidenskabern. Copen-

hagen, Denmark. Ir.

Tidsskrift for Yeteriuairer. Copenhagen, Denmark. Quarterly.

Ungarische Eevue. Vienna, Austria. Ir.

Urania. Dublin, Ireland. Monthly.

Vereinigte Frauendorfer Blatter. Passau, Bavaria. Weekly.

Yierteljahrschrift der Astrouomischen Gesellschaft. Leipsic, Saxony.

(Quarterly.

Vierteljahrschrift der ISTaturforschenden Gesellschaft in Ziirich. Zurich,

Switzerland. Quarterly.

Volksvligt, Tijdschrift voorNijverheidyLandbow, Handel en Scheepvaart.

Amsterdam, Holland. Monthly.

"Washington Post. Washington, D. C. Daily,

Washington Sentinel. Washington, D. C. Weekly.

Wiener Illustrirte Garten-Zeitung. Vienna, Austria. Monthly.

Wochenschrift des Oesterreichischen Ingeuieur- und Architecten-Verei-

nes. Vienna, Austria. Weekly.

Wochenschrift des Vereines Deutscher Ingenieure. Berlin, Prussia.

Weekly.

Zeitschrift des Architecten- und Ingenieur-Vereins fiir das Konigreich

Hannover. Hanover, Prussia. Quarterly.

Zeitschrift der Deutschen Geologischen Gesellschaft. Berlin, Prussia.

Quarterly.

Zeitschrift der Deutschen Morgenliindischen Gesellschaft. Leipsic,

Saxony. Quarterly.

Zeitschrift des Oesterreichischen Ingenieur- und Architekten Vereins.

Vienna, Austria. Monthly.

Zeitschrift des Vereines Deutscher Ingenieure. Berlin, Prussia. Monthly.

Zhurnal Eusskago Khimitsheskago Obschestva. St. Petersburg, Kus-

sia. Ir.

Zoologische Garten. Organ der Zoologischen Gesellschaft. Frank-

fort on the Main, Prussia. Monthly.

Zoologist. London, England. Monthly.

I
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EULES FOE THE EXAMINATION OF SPECIMENS SUBMITTED
TO THE SMITHSONIAN INSTITUTION.

1. Qualitative examinations—tliat is, for determining the constituents

of the specimens—are made without charge.

2. Quantitative examinations, or the determination of the percentage of

the different components of the specimens, can only be made at the

expense of the applicant; the charge to be in proportion to the time

expended in the work, e. g., from $5 to 850, according to whether it is

'partial (determination of silver, lead, or iron, i&c., onlj-) ov full (deter-

mination of everything).

3. The report of quantitative examinations will be given under the

name of the expert to whom the specimens shall be submitted, and not

under that of the Smithsonian Institution.

4. All applications for the determination of specimens must be made
by letter, addressed " Secretary of the Smithsonian Institution."

5. The specimens examined, or a part of them, will be retained by the

Institution.

6. All specimens to be delivered to the Institution free of expense.

Spencer F. Baird,

Secretary Smithsonian Institution,

EEPOET OF FEED. W. TAYLOE,

Chemist of the Smithsonian Institution.

The present chemist entered upon his duties the latter part of Janu-

ary, 1880, taking charge of the laboratory and mineralogical department

during the absence of Dr. Endlich, and has continued to perform the

duties of his office since that time. The laboratory was found to be in

comparatively good order, though the stock of apparatus and chemicals

was extremely limited. By slow additions the stock of both has been

largely increased, until now the laboratory may be said to be compara-

tively well supplied for all branches of inorganic work. As yet no pro-

vision has been made for organic work, and no such work has been

attempted, as, in addition to the lack of apparatus, the arrangement

and fitting of the laboratory render such work almost impossible. As
stated in the last annual report, the work of the laboratory consists

in the determination of various minerals sent in to the Institution

for identification, and in the investigation of such questions as may be

referred to it by the departments. No other work is attempted by the

Institution, though the chemist is kindly permitted to undertake other

work on his own account. Since February 1, 1880, the chemist has made
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about one hundred and twenty qualitative reports to the Institution on

specimens received, identifying nearly three times that number of spe-

cimens ; also some fifteen quantitative reports. He regrets, however,

that nearly ninety per cent, of the specimens received by the Institu-

tion are entirely worthless, owing to the small size of specimens, and to

the partiality of senders to the sulijhide of iron (Pyrite) and to the sul-

phide of iron and copper (Chaleopyrite). This unfortunate fact has

J)revented the chemist from making any considerable addition to the

collection, or to the suiiply of duplicates. The cases in the mineral hall

have, however, been refitted and put in order without change in the

system followed by Dr. Eudlich, and the few valuable specimens that

have been received, where space would not permit their exhibition, have

been temi)orarily stored in the drawers under the cases. Among the

specimens of value received may be mentioned specimens of amalgam,

crude bullion, and fine silver from Montana, received from Mr. Thos. Don-

aldson; a small but handsome collection of minerals from Mr. Geo. F.

Kunz, of iSTew York; some fine specimens of native copper, contributed

by Dr. Eeynolds; and a large number of specimens of the gold and silver

ores of the West, from the surveyors-general of the Western States. Here

let me enter a respectful protest against the method of collecting these

specimens. I should not say method, however, as my protest is against

the apparent want of any method or system whatever. As received the

sjiecimens are of every size and shape, from a mere chi^) to a piece of

three inches cube, some labeled or numbered, some not. I would sug-

gest that each contributor of such specimens be requested to send pieces

of something like the same size, say 4" x C" x 2"; that each specimen

be sent in duplicate, and that in all cases an invoice of specimens be

sent both with the letter of transmittal and also inclosed with the spe-

cimens. W^e would then have a fair collection of these ores instead of

the present supply of chips, many of them broken from the weathered

outcrop of the ledge or vein which they are intended to represent.

Another collection received has been one of the gold, silver, and copper

ores of Alaskaj from Com. L. A. Beardslee ; a collection of iron, lead,

and copper ores of South Africa, from Mr. Geo. D. Sidman. Mr. F. A.

Lowe has contributed a fine specimen of Ammikite and one of Huntilite,

the two new silver islet minerals, the first containing eighty per cent, of

silver, also a small specimen of Macfarlanite. Though the chemist has

not as yet completed any sets of dui)licates for distribution, he has sent

off several sets that were i)acked by Dr. Endlich, and has under way
some fifteen or twenty more sets for that purpose.

These sets will contain not only minerals, but also a certain number
of lithological and geological specimens, the aim being to furnish a set

of characteristic minerals and ores for class teaching. Among the ques-

tions referred to the Institution by the departments was that of the

utility of the Tichnor process for the extraction of gold from its ores,

referred by the Patent Office. This investigation was a most tedious
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and laborious oue, involving many weighings of a deliquescent sul)-

stance, which had to be done with the greatest rapidity, and at the

same time with accuracy; also the making of some fifty careful assays,

giving the chemist nearly a month of hard and dirty work. Another
question referred to the chemist through Mr. Ehees, of the Institution,

was the character of the coloring matter used on the small squares of

paper given to the children in the KindergarteTi schools of the District

and elsewhere. This paper is a thin paper, colored and glazed on one

side (in most cases), cut into five-inch squares, and is given to the chil-

dren to cut up and fashion into various patterns.

The chemist regrets that he has not been able to find time to make
more than a brief qualitative examination of the subject. Eighteen

samples of paper were tested for arsenic, and out of that numben- six

isamples were found to contain a large amount of arsenic in difierent

forms, probably the most dangerous being a bright green pai)er, the

coloring matter being the brilliant but deadly Scheele's green. The
other colors found to contain arsenic were puri)le, solferino, navy blue,

carmine red, and vermillion red. Another investigation undertaken by
the chemist for prominent private parties was a thorough testing of the

so-called Eobertson electric process for the reduction of gold ores. This

process, like the Tichuor, is utterly at variance with accepted ideas of

chemists and metallurgists, and the investigation showed similar results

to the Tichnor in proving it of little value. In addition to these inves-

tigations the chemist has undertaken numerous analyses and assays for

private parties of no particular chemical interest. The time of the chem-

ist has of late been entirely occupied in overhauling and recording the

vast amount of reserve material stored in the Institution, the object

being to make a complete record of duplicates and reserves and to elimi-

nate all worthless material and make room for new contributions.



110 APPENDIX TO THE REPORT OF THE SECRETART?*.

ADDITIONS TO THE COLLECTIONS OF THE NATIONAL
MUSEUM IN 1880.*

Abbey and Imbrie. A large collection of fishing-tackle (purchased).

B. E.

Acton, H. B. [tlirongli Miss Foster). A fossil shell ; from Mexico.

Adams, W. H. A small box of fossils ; from Illinois.

AdJiins, G. B. A living land-tortoise {Cistudo clausa) j from Virginia.

Agarsbury, G. S. A hawk {Buteo sicainsoni).

Alaslca Commercial Company, San Francisco, Cal. Two skeletons of pup
seals ; from Alaska.

Aldrich, C. B. A small collection of Indian implements; from Iowa.

Allen, G. A. Specimens of birds ; from California.

Allen, Walter. Specimens of rock ; from Maryland.

Anderso7i, W. A., and H. C. Harrison. A specimen of leather-back

turtle {Sphargis coriacea) ; from York Eiver, Virginia.

Andross, William W. A stone ax; from Connecticut.

Angus, J. Specimens of mineral ; from North Carolina.

Atkins, Charles G. Samples of salmon-hatching trays and frames used
at Bucksport, Me. ; and a model of fishway, at Bangor, Me.

Atlcinson, Edward. Samples of silk-weaving from the Glasgow Indus-

trial School.

Ativood, Capt. JSi'. E. Samples of cod-liver oil; from Provincetown, Mass.

Bahcoch, Br. S. E. {through Charles Ban). Samples of mica; from Ches-

ter County, S. C.

Barher, Henry L. Specimens of living snakes {Coluber), and turtles

{Pseudemys scabra) ; from South Carolina.

Ballon, J. W. Specimen of mineral ; from North Carolina.

Banta, W. V. Specimen of Indian pottery ; from Iowa.

Barbour, John S. {through John T. Harris). Sample of coal ; from Vir-

ginia.

Barnett, G. W. Specimens of mineral; from Texas.

Barry, J. Thomas. Specimens of mountain blacksnake {Coluber obso-

letus) ; from Maryland.

Bartlett, J. H., & Sons, New Bedford, Mass. Samples of whale oils and
bone.

Bassett, Wm. H. Spawn of scup ; from New Bedford, Mass.

Bateman, J. F. Specimen of salamander ; from Maryland.

Beach, M. S. Specimen of mineral ; from Wisconsin.

Bean, Capt. J. W. A young Crotaphytus ; from New Mexico.

Bean, Dr. T. H. Specimens of fish
(
Centrarchiis, Pomoxys, Chcenobryt-

tus, &c., &c.)', from North Carolina. Specimens of shad from the Po-

*NoTE.—Contributions made throngh the IJjiitecl States Commission of Fish and

Fisheries may be found in the list of additions under Washington, D. C.
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tomac Eiver. Carpet-loom and appurtenances used in 1819. (See, also,

Washington, United States Commission Fish and Fisheries.) Very
large general collections of natural history and ethnology, from

Alaska and the Arctic Ocean. (See, also, Dall.)

Beard and Thomas. Two photographs of jaw of mastodon, found in

l^ebraska.

Beardslee, Commander L. J.., TJ. S. IST. Specimens of minerals, corals,

fishes, birds, and ethnologica ; from Alaska.

Beardsleifs {J. W.) Sons, New YorJc. Seven cases of canned and boxed
fishes.

BecJcwith, H. C, Acting Assistant Engineer, U. 8. N. Specimens of cre-

taceous fossils ; from Colorado.

Belding, L. A large number of specimens of the skins, nests, and eggs

of birds, living snakes, toads, &c., i)lants and Indian relics; from Cal-

ifornia.

Bell, James, United States Land Office. A large collection of living

snakes, specimens of birds skins, nests, and eggs, Indian relics, and
crania, from mounds, &c.', from Florida.

Bcfidire, Capt. Charles, U. S. A. Sjiecimens of birds sl<ins, nests, and

eggs
;
grasshoppers and fishes ; from Fort Walla Walla, Washing-

ton Territory.

Benecke, Lewis. Specimen of spider {Acrosoma rugosa, Hentz.) ; from

Missouri.

Benner, D. J. Specimens of cocoons of silk-worms and silk; from South

Carolina.

Bennett, Richard. Specimens of minerals ; from Arkansas.

Berry, Mrs. R. P. Human skull ; from Newport, E. I.

Billings, Melinn. A box of Indian relics, pottery, &c. ;
from Kansas.

Binney, W. 0. A large collection of terrestrial mollusca, identified and

labeled, constituting his original collection and the types of his work.

Birney, H. H. A specimen of living snake {Leptophis wstivus) ; from

Washington, D. C.

Bishop, H. J. M. Specimens of invertebrates ; from Connecticut.

Blactyord, E. G. A large number of specimens of fishes taken along

the Atlantic coast of the United States, from Maine to Florida.

Blosier, H. A specimen of tailor shad {Borosoma cepediana) ;
from Ohio.

Boardman, George A. Male and female of Barrows' golden-eye duck.

Boehmer, George H. A deformed chicken, minerals, Indian stone ham-

mer, snakes, and muskrat ; from Maryland.

Booth, A., Chicago, III. Five cases of preserved salmon and one case of

oysters.

Booth, M. A. Specimens of diatomaceous earths ; from Long Island

Sound.

Boston {TJie) Humane Society, Boston, Mass. Box of charts, medals, &c.,

issued by the society.

Borland, Br. A. 3L Four boxes of Indian implements and fossils ; from

Arkansas.
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Bowie, Osborne. A living turtle {Emys rngosa) ; from Virginia.

Bowron, W. 21. Specimens of Septa ; from Virginia.

Bracl'in, Alfred. Iron j)yrites; from North Carolina.

BracIJield, H. L. Specimen of silicified wood ; from West Virginia.

Bradford and Anthony, Boston, Mass. A collection of fishing tackle.

Brady, Rev. John {through W. H. Ball). Specimens of smelt {Osmerus

pacificus)', from Alaska.

Braunstein, John A.J. Two grooved axes and a number of arrowheads

;

from Maryland.

Breedon, Jacob. Ph'otographs of Castoroides ohiensis.

Brewer, iSamuel. Specimens of mineral ; from Virginia.

Britton, W. A. Kock specimens ; from Arkansas.

Broadhead, Prof. G. Box of fossils ; from Missouri.

Broadus, A. Specimens of Pyrohisite; from Virginia.

Brodhead, Boss B. Young living alligators ; from Florida.

Broclc, R. A. Specimens of scoria from iron furnace.

Brown, J. B. Specimens of locusts ;
from Ohio.

Brown, J. J. Specimens of Planorbis; from Wisconsin.

Brown, N. C. Specimens of bird-skins ; from Maine.

Brown, S. C. Tank of alcoholic fishes, reptiles, &c.; from Western Xew
York.

Bryan, Oliver N. Specimens of fungi; from Maryland.

Bryant, B. D., jr. Specimens of conglomerate ; from Maine,

Bullen, George W. Specimens of minerals; from Washington Territory.

Bnnn, Joseph. Scales of alligator-gar {Lepidosteus).

Burns, Franlc. Specimens of rock ; from Alabama.

Burr, Dr. R. T., U. S. A. A collection of plants and insects, and alco-

holic reptiles ; from Arizona.

Burtele, E. A box of shells ; from Alabama.

Bush, Mrs. A. E. Specimens of California mosses.

Busy, John H. Specimens of quartz ; from Maryland.

Butler, Amos W. A collection of Indian arrow- and spear-heads ; from

Illinois.

Caldwell, 8.D. Skin of bittern {Botaurus lentiginosus) ; from District of

Columbia.

Call, WilMnson, U.S. Senate. Specimens of copper ore ; from New Mex-
ico.

Cambridge, Mass., Museum of Comparative Zoology, Prof. Alexander Agas-

siz, Director. A collection of North and South American fishes.

Campbell, Charles D. A grooved stone ;
from Ohio.

Campbell, J. B. Two fossils ; from California.

Cannon, Vt'illiam. Clay pipe ; from Florida.

Carpenter, Charles. Specimen of sucker {Catostomus longirostris) ; from

Lake Erie.

Carpenter, C. A. Specimens of minerals; from Arizona,

Caton, Judge J. B. Skull of Hydropotes inermis.
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Chamherlain, M. Specimen of gull ; from New Brunswick.

Chambers, B. 31. Specimen of snake {Sforcria occlpitomaculata)
; from

New York.

Chameuret, W. M. Specimens of iron ore; from Alabama.
Chandlee, John F. Stone axe ; from the Susquehanna river, Pennsyl-

vania.

Chandler, Capt. E., IT. S. N. Specimen of crab ; from the Samoau Is-

lands.

Chase, Edward A. Pair of scissors taken from stomach of cod.

Chastain, J. T. Specimen of thread-herring
(
Opisthonema thrissa) ; from

Georgia.

Chester, H. C. Model of lishing boat.

Choate, W. Ii. Skull of Indian chief.

Christian, H. A. Mounted specimen of dab-chick {Podilymhus podiceps)
;

from Ohio.

Chubb, H. E. A mounted specimen of " Kirtland warbler"; from Oliio.

Churchill, J. H. A specimen of star-nosed mole ; from New York.

Cincinnati, Ohio, Cuvier Club. A collection of bird skins.

ClarJc, Franlc R. Box of fish-hatching apparatus, eggs of white-fish,

and specimens of fish from Lake Michigan.

Clarl; Robert. Specimen of mole {Microsorex hoyi) ; from Colorado.

Clarice, Samuel C. Specimens of insects; from Florida.

Clarice, Walker. Two boxes of minerals ; from New Mexico.

Clayton, C. T. Skin of bird ; from Maryland.

Cleneay, Thomas. Box of stone implements ; from Ohio.

CoaJe, H. K. Collection of bird-skins, 45 species and 112 specimeiis.

Coclcerill, Stanard. Specimen of grass-snake [Cydophis (vstiviis).

Cole, C. A. Two cases of "Irish" moss; from Massachusetts.

Coleman, G. 8. Specimen of rock ; from Virginia.

Collier, Carl {through L. BeJding.) Indian stone tube; from California.

Collins, G. H. Box of birds ; from Fort Laramie, W. T.

Colvan, E. Deformed catfish {Amiurus albidus) ; Potomac Eiver.

Conrad, L. Specimens of mineral ; from Ohio.

Conroy, Bissctt d' Malleson, New York City. Eight boxes of fishing rods,

flies, and general camji outfit (purchased). B. E.

Cook, Richard E. Specimens of iron-ore ; from Alabama.

Cookselle, Stanley. Ten specimens of arrow-heads.

Cooper, George H. Ball of hair taken from stomach of cow, and two

arrow-heads ; from Virginia.

Copley, James B. Knife made from human bone ; from Sullivan County,

New York.

Corker, Capt. 8. M. {through C. C. Leslie). Specimens in alcohol of fish

and shells taken by the smack " H. E. Thompson," of Charleston, S. C.

Cornwall, Prof. A. R. Jaw of blackfish {Phocccna americana).

Corson, J. N. K., TJ. S. A. Living tortoise {Testudo agassizii) and lizard

{Sceloporus) ; from California.

S. Mis. 31 8
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Coues, Br. Elliott, U. 8. A. Specimens of mammals, birds, and bird's

nest and eggs.

Cox, Capt. James V. Model of South Sea Island dug-out canoe.

Craivford, Capt. JS., U. S. A. Eighteen boxes of fossils; from Dakota.

Cromwell, Capt. Levi. Head of sail-lish {Histiophorus americanus) ; from

oft" Barnegat.

Culler, Peter. Box of minerals ; from Maryland.

Ball, W. H. and T. H. Bean. Forty-seven boxes of general natural his-

tory and ethnological collections ; from Alaska.

Bamusure, Edivin. Living black-&;uake (Bascanion constrictor),

Baniel, F. V. Package of fossils ; from Texas.

Baniel, L. 8. Specimen of mineral ; from Texas.

Barrow, J. W. Specimens of insects ; from Kentucky.

Bavis, A. E. Specimens of insects ; from Arizona.

Bavis, H. G., U. 8. Senate. Specimens of minerals ; from West Virginia.

Bavis, Joshua. Small box of stone implements ; from Maryland.

Bennison, E. W. Trout, weighing eleven i^ounds; from Eangeley Lake,

Me. (Purchased.)

Bent, J. P. Specimens of minerals.

Bctwiler, 8. 8. Box of minerals ; from Pennsylvania.

Biclcinson, E. Collection of bird's nests ; from Massachusetts.

Boalc, M. 8. Two boxes of minerals ; from Tennessee.

Bodge, Lieut. Col. Richard 1., U. 8. A. Box of plants and flowers; from

California.

Bomnitz, H. Specimens of terrapins {Pseudemys picta). (Purchased.)

BonaUhon, Thomas. Eight boxes of minerals ; from the " Lexington

Mine," Montana.

Boron, T. 8. Specimens of fish, Indian relics, and skin of wild-cat

i^Lynx rnfus) ; from Alabama.

Borsey, B. B. Specimen of fossil {Aturia) ; from California.

Bowell J. C. Six specimens of herons.

Bownman, E. H. Specimens of pike {Esox americana) and insects; from

Virginia.

Brane, Br. 0. A. Stone ax ; from Saint George County, Md.
Briver & 8ahoJield. Specimen of monkey {Cercopithecus).

Budley, W. L. Section of fossil tree ; from Kentucky.

Buges, Prof. Alfredo. Box of birds' skins, insects, reptiles, &c. ; from state

of Guanajuato, Mexico.

Bummon, Richard. A living blind chicken.

Burand, Wm. 8. Plant; from Michigan.

Bupre, B. A. Specimens of minerals ; from South Carolina.

Earll, B. E. Nine boxes and tanks of fresh and alcoholic specimens of

fishes from various places along the Atlantic coast of the Southern

States ; fishing gear used in Florida and the Carolinas
;
yoke for pat-

ent knee of dory ; one fish-sound extractor ; a collection of fish sounds,

and samples of Yupon tea, from North Carolina.
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Uarll, B. E., and M. MeBonald. Two tanks of alcoholic specimens of

fishes ; from North Carolina.

Uastcrday, Geo. W., and J. B. BachtelL Specimens of minerals; from
Beaver Creek, Mel.

Edmonds, Bichard H. Two cases of canned crabs and sjiecimens of

oyster shells, also photographs of fish-canning establishments.

Edwards, Vinal ¥. Nine boxes of alcoholic specimens of fishes ; from
Wood's Holl, Mass.

Eisen, Gustaf. A collection of alcoholic specimens of reptiles; from
California.

Elegat, Willkun B. A specimen of trilobite ; from Ohio.

Endlich, F. M. Specimens of hunting implements nsed by the Wapsiaiia

Indians of British Guiana; skins of jaguar and monkey, and dried

specimens of trunk and flying fishes; also aboriginal West Indian

pottery.

English, Commodore Earl, U. 8. W. Specimens of minerals.

Espcrson, Hon. Henry, Surveyor-General, Dakota. Three boxes of min-

erals ; from various mining claims in Dakota.

Evans, C. R. Specimen of graphite.

Evans, Commander B. D., U. 8. N. Two boxes of soundings ; from the

North Atlantic, taken by the United States steamer Saratoga during

the years 1870 and 1880.

Eair, A. D. M. Box of shells ; from Honduras. A small box of fossils

;

from New Jersey ; and teeth of jiorbeagle shark.

Fairhanl-s, N. K. {throngh A. Booth.) Specimens of California salmon

taken in Geneva Lake, Wisconsin.

FalJciner, W. B. Specimen of ffs&esfos; from Virginia.

Farquhar, Col. F. U., U. 8. A., Secretary Light-House Board. A large

collection of corals ; from the Tortugas, Florida.

Findley, J. J. Specimens of minerals ; from New Mexico.

Findley, 8. M. Hawk {Buteo horealis); from Virginia.

Figyelmesy, Philip, United States consul Demarara, British Guiana. Bark
canoe and paddles, and collection of pottery and basket-work ; made
by the Indians of British Guiana.

Fisher, W. J. Mollusks ; from Maine.

Fitch, Captain. Nest of Brazilian oriole.

Fitzhugh, D. H. Specimen of fish [Percopsis pellucida) ; from Michigan.

Fleetwood, William A. Specimen of pointer.

Fletcher, Thomas. Small box of minerals ; from Arkansas.

Forns, Baymond W. Mounted specimens of birds.

Forney, George H. Specimens of minerals ; from New Mexico.

Fox, Hannibal. MetalUc mask ; from Ohio (lent for casting).

FriedricJcsten, Cotmt A. von Donhoff. Stone mask (lent for casting).

Frinclcel, George N^. Specimen of talc.

Frizzell, Bernard F. Specimen of flying squirrel {Sciuropterus volucella)

;

from Washington, D. C.
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FuUen, Andrew. Small box of minerals ; from West Yirginia.

Furher, F. B. Specimens of minerals ; from Texas.

Furr^ diaries E. Specimen of iron pyrites.

Galbraith, FranTc G. Two boxes Indian implements and one tank of al-

coholic specimens of fishes ; from Lancaster County, Pa.

Galindo, Don Ignacio {through Br. E. Palmer). Mummy and surround-

ings ;
from cave at Coahuila, Mexico.

Galliher, JSF. M. Specimen of ore; from Virginia.

GarlicTcj Theodatus. Two casts of fishes.

Gamier., John H. Specimens of snakes ; from Ontario

.

Garratt, A. {through Br. Rartmann). Stone ax ; from the Society Isl-

ands.

Gearn^ W. B. Seeds of Chenoimdium, taken from Indian mound in Da-

kota.

Gere, J. E. Box of Indian relics ; from Wisconsin.

Gernerd, J. M. M. Specimens of fossiliferous rocks ; from Pennsylvania.

Gcsner, William. Living specimens of mussels; from Alabama.

Gibhs, George J. Deposit taken from old salt pond, Grand Turks Isl-

and, W. I.

Gilbert, Charles H. Four tanks alcoholic specimens of fishes ; from the

Pacific coast of the United States. See also under Jordan, D. S.

Gilbert, G. K. One tank and box of alcoholic specimens of fishes ; from

Utah.

Gilliss, Capt. James, U. 8. A. Pair of elk antlers ; from Wyoming.
Gloss, Joseph B. Living box tortoise

(
Cistudo clausa) ; from the District

of Columbia.

Gloucester [Mass.) Isinglass and Glue Company. Four boxes of samples

of isinglass, glue, &c.

Glover, Prof. Townend. Case of mounted specimens of birds.

Goodale, 8. L. Sample of food extract of mackerel.

Gookin, N. W. Sami)les of beet sugar and sirup.

Goss, If. 8. Bird-skin; from Briers' Island, N. Scotia.

Gough, Stephen E., jr. Two living horned frogs [Phrynosoma).

Grop, L. Box of fossil ferns ; from Arkansas.

Graham, A. H. Osteological specimens ; from mound in Texas.

Gray, Professor Asa. Four Indian implements (lent for casting).

Gray, 8. C. Sami)le of soapstone ; from Ohio.

Greely, Lieut. A. W., TJ. 8. A. Pharyngeal bones of drum {Pogonias

chromis) ; from Sandy Hook.

Green, Lieut. L. B., TJ. 8. A. Portion of skull of bear; from Wyoming
Territory.

Green, 8eth. Collection of fish-hatching ajjparatus.

Griffith, C. E. Specimen of blue-tailed lizard ; from Maryland.

Griffith, Bavid. Specimens of minerals ; from Maryland.

Grigsby, C. 8. Water-worn piece of limestone ; from Tennessee.

Grigsby, J. B. Specimen of ore; from Tennessee.
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Grimes, E. G., JJ. 8. A. Swan ; from Taukton, Dakota.

Griscome, J. W. Specimens of BrancMpus.

Guesde, L. Jar of alcoholic mammals, fishes, and reptiles; from Guade-

loupe.

Haines, Maey P. A collection of fossils ; from ludiana.

Sailer, A. S. Specimens of insects ; from Virginia.

Halsted, Miss May A. Lower jaw of fresh-water drum {Haploidonotiis

grunniens) ;
from the Mississippi River.

Hamlen, William. Two fossil oysters, from the Potomac River.

Hampto7i, Wade, TJ. 8. 8enate. Specimens of alligator-gar and shovel-

nosed cat-fish {Litholepis and Polyodon); from the Mississippi River.

Hancock, John. Specimens of minerals ; from Arizona and Texas.

Harrison, George B. Bird ; from Virginia.

Hartman, Andrew. Stone ax ; from York County, Pennsylvania.

Hatch, Philo T. Sample of shell marl ; from New York.

Hawes, I)r. G. E. Insect ; from Florida.

Haicley, Dr. G. A. Medal of Indian or Mexican make ; from Guatemala.

Hayward, F. W. Living specimens of SirenaTid Amphiuma; from South

Caroliua.

Healy, Rev. P. Horned-frog ; from California.

Hencldc, Ambrose L. Specimens of Indian implements; from Virginia.

Henderson, Judge John G. Four boxes of Indian relics taken from the

" ISTaples Mound," Illinois.

Henderson, 8. J. Specimens of minerals ; from Ohio.

Henry, L. B. Specimens of minerals ; from Virginia.

Henshaw, H. W. A small collection of bird skins; also stone i>estle

from Idaho.

Hereford, FranJc, JJ. 8. Senate. Specimens of minerals; from West Vir-

ginia.

Herendeen Capt. E. R. Specimens of stone relics ; from the North Pacific

Islands.

Hering, C. J. Collection of natural history and ethnological specimens;/

from Surinam.

Hermes, Br. Two sjiecimens of eels ; from Germany.

Herring & Co., New YorJc. One large burglar and fire proof safe, man-

ufactured expressly for and presented to the U. S. National Museum.

Hess, F. Meteoric stone ; from Iowa.

Heyman, Professor. Section of whale vertebra.

Hicks, G. H. Indigo bird {Cyanospiza cyanea), and collection of Indian

relics ; from Michigan.

High, Augustus. Specimens of minerals ; from Dakota Territory.

Hill, A. C. Specimens of insects; from Vermont.

Hill, I). D. Minerals; from New Mexico.

Hill, R. T. Specimens of crystals.

Hillman, Prof. Uno. Samples of albumen made from the eggs of the cod.

Hilyer, Prof. Henrico. Alcoholic specimens of fishes and collection of

bird skins ; from Italy.
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Hinston, J. H. Specimen of coal ; from Georgia.

Hitchcock, George N. Egg of a gull.

Hitz, Charles. Stone ax.

Hobhs, Orlando. Two boxes of land and fresh-water shells, and Palaeo-

zoic fossils 5 from Indiana.

Hockhaus, F. W. Specimens of iron pyrites ; from Iowa.

Sollenbusch, H. H. Box of minerals ; from Pennsylvania.

HoUiday, J. C Specimen of meteoric stone ; from South Carolina.

Holmes, W. H. Specimens of quartz, calcite, and obsidian ; from the

Yellowstone National Park.

Horan, Henry. Specimens of living snakes ; from Maryland and Vir-

ginia,

Horn Silver Mining Coinpany. Specimens of ores.

Hoive & French, Boston, Mass. Specimens of American isinglass.

Howgate, Capt. H. W., U. S. A. Two living Eskimo dogs ; from Green-

laud.

Hubbell, -
. Specimen of soapstone ; from Virginia.

Hughlett, Thomas. Specimens of sea trout
(
Gynoscion regalis) and ribbon-

fish ; from Maryland.

Hunt, B. A. Collection of ethnological specimens ; from Georgia.

Hunter, John. Specimen of decomposed feldspar.

Huntingdon, Charles L., IT. S. N. Two boxes of soundings ; taken by

the U. S. S. Alert in Yeddo Bay, Japan.

Huysman, Theodore [through Dr. C. Bau.) Stone celt; found in the

State of Magdalena, United States of Colombia.

Hyams, C. N. Collection of birds' eggs ; from North Carolina.

Ingersoll, Ernest. Box of Indian relics ; from New York.

Japan, Bureau of Education of (Mombusho). Two boxes of botanical

specimens.

Jennings, John. Chunky-stone ; from Tennessee (lent for casting).

Johnston, G. W. Specimen of sparrow (Passerella Toumsendi) ; from Cali-

fornia.

Johnson, Master Samuel M. Albino rat ; from South Africa.

Johnson, Samuel M. Collection of Indian pottery and imx)lements, and
living tortoise and snake ; from Texas.

Jones, Mrs. A. E. Living water-snake {Tropidonotus fasciatus) ; from

Virginia.

Jones, Alfred. Leaf, with insect adhering.

Jones, D. A. Specimens of minerals ; from Virginia.

Jones, George C. Casts of Indian implements ; from Connecticut.

Jones, John P., United States Senate. Specimen of mineral ; from Ne i

vada.

Jordan, David S., and Charles H. Gilbert. Sixty-five boxes and tanks of

fishes, taken along the Pacific coast of the United States ; also, a series

of fish preparations for food, &c., obtained in San Francisco.

Jordan, W. N. Specimen of mineral ; from South Carolina.
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Jouy^ P. L. Specimens of fishes, from Wasliiugtou IMarket ; speciineus

of snakes and birds, from Maryland ; aad a large collection of birds,

from Cobb's Island.

Kefauvcr^ H. B. Specimen of rock ; from Maryland.

Kelly, Moses. Specimen of chromic iron ; from Maryland.

Kemp, J. C. Grape-vine borer ; from Virginia.

Kendall, J. K. Specimen of barnacle goose ; from Jamaica Bay, L. I.

Kenyon, 0. A. Specimen of worms ;
from Iowa.

Kerne, Lieut. L. M., United States Revenue Marine. Arrow-head ; from

Port Royal, S. C.

Kidder, Br. J. H. Tank of alcoholic specimens of fishes ; from Beyrout,

Syria.

Kilby, . Egg of turkey-bnzzard ; from Virginia.

King, LarJcin. Specimens of minerals-, from Texas.

Kitehcn, C. M. Specimens of plants ; from Virginia.

Knielcerbocl-er, Millis. Package of seeds, &c. ; from Florida.

Knott, John, jr. Specimen of hair-snake {Gordiiis).

Koebelc, Albert. Box of birds' skins and eggs, and insects.

Koehler, William. Sample of fish food.

Koontz, George 8. Specimen of ore.

Kost, Prof. J. Collection of fossil rocks, &c. ; from Michigan.

Kumlien, Ludwig. Leather made from skin of sturgeon ; specimen of

fish from Lake Ontario ; and stuffed skin of salmon from Cape Vincent,

K. Y.

Kuntz, George F. Box of minerals.

Langdon, F. W. Box of Indian relics ; from Ohio.

Lanphear, G. B. Specimens of fishes.

Latimer, A. W. Fossil ; from the Chattahooche River, Alabama.

Latimer, W. H. Stone image ; from Porto Rico, West Indies.

Lawrence, Alfred N. Specimen of fish ; from Xew Jersey.

Lawrence, George iV. Stone ax ; from Essex County, N. J.

Lawrence, Br. George W. Specimen of thread-herring {Opisthonema

thrissa) ; from Arkansas.

Lawrence, Robert. Si^ecimen of dwarf deer.

Lee, Br. W. Hair-snakes (G^orrZiws).

Leppelman, L. Three boxes of Indian relics ; from Ohio (lent for casting).

Leslie, Charles G. A collection of fresh and alcoholic specimens of

fishes ; from South Carolina.

Lewis, L. L. Specimens of plants and rocks; from New York.

Lightburn, Br. R. E., U. 8. A. Living specimen of Gila monster

[Heloderma Jiorridum) ; from Arizona.

Lippold, George. Living specimen of snake {Opliiholus doUatus) ;
from

the District of Columbia.

Loclic, W. M. Deformed specimen of soft-shell turtle {Achedonectes spin-

ifer)
',
from Illinois.
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Logan, John A., United States Senate. Samples of coal ; from Illiuois.

Lo)u/Jield, FranJc. Specimens of snakes and insects ; from Texas.

Lowry, Bohert. Albino specimen of snowbird {Junco hyemalis) ; from

Virginia.

Luther, S. M. Specimens of Indian relics; from Ohio and Michigan
(lent for casting).

LuttreU, Chester. Box of Indian relics ; from Alabama.
Luttrell, Elston. Three boxes of ethnological and mineralogical speci-

mens ; from Alabama.

Lyon, V. W. Two boxes of fossils ; from Indiana.

Maddox, W. L. Specimen of fossil ; from Ohio.

Marnocl; G. W. Specimens of toads ; from Texas.

Marshall, George. Specimens of birds ; from Maryland.

Marvin Brothers and Bartlett, Portsmouth, A\ H. Five cases of samples
of cod-liver oil.

Matthews, Charles. Specimen of caterpillar ; from Arkansas.

Mayo, Henry, & Co., Boston, Mass. A large number of samples of the

various kinds of preserved fishes.

McCarthey, Capt. John F. Specimen of bat-fish {Malthe ciibifrons) ; from
Florida.

McChesney, Charles E. Two birds' skins {Passerculiis, Melospiza) ; from

Dakota.

McCormicli & Connahle. Specimens of rock-sturgeon and whitefish;

from Lake Michigan.

McDonald, Col. Marshall. Eight boxes of alcoholic specimens of fishes,

&c. ; from the South Atlantic States.

McEwen, John B. Can of alcoholic specimens of fishes ; from Tennes-

see.

McGraw, James C. Mineral ; from West Virginia.

McLean, Eev. J. P. Specimens of Indian relics ; from Ohio and Indi-

ana.

McMenamin d; Co., Hampton, Va. Case of canned crabs.

Mazyclv, Lieut. J. Two shells ; from South Carolina.

MazycJc, W. St. J. Specimens of sponges, corals, and shells ; from South

Carolina.

Medsen, Peter {through Prof. L). S. Jordan). Two tanks of fishes ; from

Utah.

Meigs, M. C, Quartermaster- General, U. S. A. Plaster molds of medall-

ions of Washington, Lincoln, Chase, and Seward.

Mell, P. H, jr. Insect and shells ; from Alabama.
Merchant, George. Models of seine-needles and pins.

Merman, Lyman A. Samples of herring oil and specimens of herring.

Merriam, Joseph W., United States Consul, Lquique, Peru. Samples of

Peruvian guano.

Merrill, Dr. J. C, U. S. A. Specimens of mammals, fishes, and birds;

from Montana.
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Mefcalf, M. Albino raccoou and stone hatchet ; from Battle Creek,

Michigan.

Metcalfe, James K. Specimens of insects ; from New Mexico.

Metz, Dr. Charles L. Box of Indian implements ; from Ohio.

Mexico, National Museum of. G. Mendoza, Director. Cast of a sacrifi-

cial stone.

\ Milam, B. C. Frankfort lishing-reel (purchased).

Miller, Franl: Box of fossils ; from Texas.

Miller, Mrs. J. E. Specimens of roclis ; from iSTew York.

Miller, M. A. Box of Indian relics ; from Virginia.

Mims, E. J. Specimens of plants ; from South Carolina.

Mintzer, W. A., P. A. Engineer, U. 8. N. Alcoholic specimen of fish;

from Delaware.

Mobley, G. B. Specimens of German carp ; from Alabama.

Money, Hon. H. D. Specimens of ores ; from Mississppi.

Moore, C. E. Specimens of Indian implements; from Virginia.

2Ioore, John. Sjiecimens of rock conglomerate ; from Arkansas.

Moore, N. B. Lami^rey eel and feathers of wild turkey.

Moran, Dr. George R., U. S. A. One living and one stuffed specimen of

Gila monster ; from Arizona.

Morrison, J. R. D. Living moth; from Washington.

Mueller, Dr. E. Two Indian relics ; from Indiana.

Muis, W. S. Box of shells; from Utah.

Mundt, A. H. Box of fossil plants ; from Illinois.

Myers, Justin 21. T. Box of fossils; from Ohio.

Nelson, E. W. Seventeen boxes of general natural his^tory and ethno-

logical specimens ; from Alaska.

Nelson, John. Box of fishermen's clothing.

Nelson, Robert. Two living garter snakes {Eutwnia) ; from District of

Columbia.

Neve, E. Three silver Indian (I) relics ; from Florida.

Newsome, David. Specimen of ore ; from Oregon.

Newton, Edward. Living specimen ofyellow boa
(
Chilohothrus inornatus)

and box of bird skins ; from Jamaica.

Nichols, 2frs. E. J. Specimens of ores; from Texas.

Nichols, Dr. H. A. A. Two boxes of birds and alcoholic specimens of

natural history ; from Dominica.

Niles, Franlc G. Specimen of Crilla ;
from Connecticut.

Niles, J. Nest and eggs of swallow, and lizard ; from Pennsylvania.

Nixon, J. S. Specimens of birds and mole [Condylura) ;
from Pennsyl-

vania.

Nodor, Dr. 0. D. Photographs of tusks of Bison latifrons.

North, Eev. J. B. Specimens of minerals ; from Virginia.

Nye, 3fillard, jr. Box of Indian relics ; from jMassachusetts.

Ober, A. K. Stone imi)lement ; from Massachusetts.

Ober, F. A. A large collection of natural history specimens, principally

birds
;
from the West Indies.
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Ogilby, J. Douglas. A collectiou of birds' skins ; from Texas.

Orcutt, C R. A small box of shells ; from California.

Oshorn, A. {through T. B. Ferguson). Jar of alcoholic specimens of fishes

;

from the Potomac River.

Osborn & Vail. Two specimens of horse-fish {Vomer setipinnis); from

New Jersey.

Palmer, William. Specimens of birds and reptiles ; from Virginia and
Maryland.

Parker, H. A. Specimen of cup-stone ; from Illinois.

Parlcer, Joel G. Fish-hatching box, used at Grand Eapids, Mich.

Parlhwrst, G. D. Sj)ecimen of coal ; from Colorado.

Patterson, H. If. Box of water-plants {JSfymphwa tuberosa) ; from Illi-

nois.

Patterson, IS. Specimens of minerals ;
from Virginia.

Paxson, S. W. Specimens of minerals ; from New Mexico.

Peckham, R. W. Specimen of smooth puffer {Tetrodon Icevigatus) ; from

Connecticut.

Pellet, E. P. Box of minerals ; from the United States of Colombia.

Perry, J. W. Sjiecimens of crystals ; from Florida.

Perry, Ralph. Indian mortar; from Indiana.

Philaflelphia, Pa., Zoological Society of. A number of skulls and skele-

tons of monkeys.

Pierce, Milton P. Fragments of Indian pottery ; from New Jersey.

Ph's, Ayithony. Two boxes of stalactites and specimens of Proteus an-

guinus ; from Adelburg Grotto, in Carniola.

Plant, J. G. Collection of minerals and Indian relics ; from Georgia.

Plumacher, E. H., United States Consul, Maracaibo, Venezuela. Collec-

tiou of butterflies ; from Venezuela.

Poey, Prof. Felipe. Nine boxes of living reptiles and two boxes of alco-

holic specimens of fishes ; from Cuba.

Polkinhorn, H. Living tree-toad {Hyla versicolor); from Washington,
D. C.

Polleys, W. H., United States Gonstil, Barbadoes, W. I. {through William

Wood). Specimens of septaria aud infusorial earths ; from the West
Indies.

Poicel, Samuel. Scale of tarpum {Megalops thrissoides) ; from Rhode
Island.

Powell, J. W., Director Ethnological Bureau, Smithsonian Institution.

Sixty-four boxes of ethnological specimens 5 from Arizona and New
Mexico ; collected by James Stevenson and Frank H. Cashing.

Prentiss, Dr. D. W. Specimens of ants.

Prindle, Frank. Si^ecimens of {DiadopMs punctatus)', from Virginia.

Proctor, J. 0. Model of fishing- schooner Mary Odell, of Gloucester,

Mass. (Purchased.)

Prosser, William Q. F. Specimen of Octopus; from Seattle Bay, Wash-
ington Territory.



APPENDIX TO THE REPORT OF THE SECRETARY. 123

Prouty, C. B. Collector of Customs, Indianola, Tex. Mounted si)ecimen

of crane.

Fryer, Jasper, New Yorlc, N. Y. Samples of fish oils.

Fumpelly, Prof. R. Eighteen packages of minerals ; from various locali-

ties in the United States.

Pusey, IS. IV. Specimens of stickleback
(
Gasterosteus aculeatus) ; from Dela-

ware.

Ramsey, Alexander, Secretary of War. Two boxes of minerals} from
Minnesota.

Ramsey, N. A. Specimen of clay ; from Durham, N. C.

Rattan, V. Specimens of mosses and lichens ; from California.

Redding, B. B. Bulbs of Camassia esculenta; from California.

Reid, George W. Specimens of minerals and Indian relics; from Penn-
sylvania.

Remington, Cyrus K. Buckskin purse, from Pike's Peak, Colorado.

Reynolds, Br. Elmer E. Specimens of minerals and Indian relics ; from

Virginia.

Richard, John H. Box of living turtles ; from Pennsylvania.

Richards, A. H. Specimen of mineral; from California.

Richmond, Va., College of. Specimen of Tucliahoe (Indian bread).

Richter, Br. Theodore. Sjiecimens of minerals ; from Freiburg.

Ridgway, Robert. Specimens of birds' skins ; from Illinois, Virginia,

and California.

Ridgway, Robert, and Henry Marshall. A large collection of birds'

skins; from Cobb's Island and vicinity.

Rives, J. H. Specimens of rocks ; from Virginia.

Robertson, Br. TF. B. Head of brook trout {Salvelinus fontinalis)
',
from

the James River, Virginia.

Robey, Bufus. Specimens of beetles ; from Maryland.

Robinson, C, jr. Two snakes {Tropedonotus sipedon and Ophibolus do-

liatus) ; from the District of Columbia.

Rogers, John S. Specimens of glue, isinglass, «&c.

Romeyn, H., U. S. A. Specimens of sea-horse {Hippocampus) ; from

Virginia.

Rosamond, W. B. Specimen of mineral ; from Ohio.

Rounds, Ralph W. Specimens of Maine flora.

Rowlet, F. Indian relic ; from jSTew York (lent for casting).

Ruby, Charles, private, U. S. A. Fossil shells and bones, one pair of

elk-horns and one pair of deer-horns ; from Fort Laramie, W. T.

Rusby, 8. H. Indian dish ; from New Mexico.

Russell, Thomas J. Box of shells and broken jjottery ; from Texas.

Samford, Hon. W. J. Specimen of ore.

Sanborn, J. K. Specimens of conglomerate.

Saunders, Col. John S. Living catfish ; from Chesapeake Bay.

Sayre, Br. B. A. Carved stone mask; from New York (lent for casting).
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Scliaclit cC- Fruchlcnecht, Sanduslcy, Ohio. Samples of caviar, isinglass,

and fish oils.

Schlegely Jacob. Specimens of feldspar ; from Virginia.

ScJmeclc, Dr. J. Specimens of living tortoises {Pseudemys elegans) ; from

Illinois.

Schonhorn, H. F. Two eggs of dove {Streptopelia risoria).

Scott, David W. Specimens of birds' skins.

Sebring, James F., jr. "Bull-dog-' Catlinite pipe; made by the Sioux

Indians of Dakota (purchased).

Sellman, Henry G., Fastport, Me. Sis boxes of "sardines."

Bewail, C. A., Aciing Assistant Surgeon, U. S. A. Specimens of insects;

from New Mexico.

Shaui, B. F. Model of fishway used at Anamosa, Iowa.

Sheldon, D. S. Box of fossils and a living snake ; from Iowa.

Sheperd, R. T. Box of alcoholic reptiles ; from Ohio.

Sidman, George D. Sj^ecimens of minerals; from South Africa.

Simmons, C. A. Two fossil shark's teeth ; from Florida.

Simmons, Newton. Eighteen arrow-heads, from Maryland; and a speci-

men of centipede, from Texas.

Slater, J. H., U. S. Senate. Specimen of coal ; from Oregon.

Slaughter, John B. Specimens of minerals; from Texas.

Small, Fdgar A. Specimens of birds' eggs.

Small, F. F. Embryo porpoise ; from Provincetown, Mass.

Smiley, G. W. Specimen of moth.

Smith, ALrs. Fmma {through Maj. J. W. Powell). Specimens of Indian

wedding cake ; Cattaraugus Eeservation, !N^ew Y ork.

Smith, Charles B. Six arrowheads; from Maryland.

Smithy Charles J. Specimens of smelts
(
Osmerus pacificus) ; from Oregon.

Smith, Fverett. Model of fishway used on the Penobscot Eiver (pur-

chased) and specimens of smelts {Osmerus mordax).

Smith, Prof. H. L. Century of microscopic slides.

Smith, W. A. Specimens of black crystals; from Texas.

Smyth, John H., United States Minister Resident to Liberia. Specimens
of African handiwork ; from Liberia.

Snow, A. L. Specimen of zinc ore ; from Tennessee.

Siioic, Franldin, (& Co., Boston, Mass. A large collection of preserved

fish of various kinds.

Southwicl', J. M. K. Specimens of mackerel {Scomber) ; from jSTewport,

E.I.

Spangler, George. Specimen of water-dog {Wecturus lateralis); from In-

diana.

Spcrry, Fdicard H. Specimen ofhare {Lagomysprinceps) ; from Colorado.

Sperry, L. A. Spear-point; from Illinois.

Spinner, F. F. Box of fossil shells ; from Florida.

Spray, S. J. Specimen of weasel (Putorius vulgaris) ; from Colorado.

Springer, Son. William. SiJecimens of minerals.
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Stabler, James P. Six hawks and three owls and a living blacksnake

{Bascanion constrictor) ; from Maryland.

Star Mica Company, Pensacola, Fla. One box of minerals.

Stearns, Silas. Five boxes of specimens of fishes, &c. ; from Florida.

Stephens, Hon. A. H. Box of minerals; from Georgia.

Sterling J. E. N. Specimens of fish ; from jMaryland.

Stevenson, James. Box of pottery ; from Xew Mexico ; and a specimen

of Florida alligator.

Stevenson, James, and Mr. Russell. Six boxes of fossils and rocks ; col-

lected in jSTew Mexico. (See Powell.)

Stimpson, William G. Spider and nest.

Stone, Livingston. Three boxes of fossils and a keg of alcoholic salmon

skins ; from California.

Stout, W. C. Insect ; from Arlcansas.

Swan, James G. Three boxes specimens of fishes, specimens of dried

fish put up by Indians, and a carved Indian club ; from Washington
Territory and Vancouver's Island

Sweeny, Dr. R. 0. Specimens of siscowet and trout; from Lake Su-

perior.

Sweet, Charles B. Specimens of insects ; from Florida.

Sweezey, Goodwin D. Specimen of mole (Blarina talpoides) ; from Massa-

chusetts.

Siveitzer, Lieut. J. B., U. S. A. Eagle-ray ; from Fort Brown, Texas.

Symmes, F. M. Box of stone implements ; from Indiana.

Talbot, Walter M. Specimens of minerals ; from Maryland.

Taylor, Fred. W. Specimens of minerals and ores ; from various localities.

Taylor, Dr. H. W., U. S. A. Horned-toad (Phrynosoma) ; from the

Indian Territory.

Taylor, W. G. Specimen ofbanded rudder-fish ; from the Potomac Eiver.

Taylor, W. J. Four boxes of specimens of nn tural history ; from Georgia.

Thomas, W. G. Specimen of beetle {Dynastes hercules) ; from North Caro-

lina.

Thompson, C. W. Specimens of coal ; from Dakota.

Thompson, Daniel. Two insects from cane-plant ; from Louisiana.

Thomson, J. H., N'eic Bedford, Mass. Barrel of whale-boat fittings.

Thurber, E. W. Specimens of minerals ; from Ehode Island.

Ticlikematse {Indian). Specimens of birds and antlers of deer; from the

Indian Territory.

Tillson, Perry. Cast of Indian relic ; from Ohio.

Trabing Brothers. Specimen of mineral ; from Wyoming.
Tracy, C. C. Specimens of minerals ; from Nevada.

Traill, C. H. Specimens of shells {Rhynchonella) ; from New Zealand.

Trezevant, Dr. G. T. {through E. E. Jaclcson). Specimens of fossil teeth

of sharks ; from the phosphate beds of South Carolina.

Tripp, T. M. Bird skin {Xcpha;cetes nigcr) ; from Colorado.

True, F. W. Two stone implements ; from Virginia.



126 APPENDIX TO THE REPORT OF THE SECRETARY.

Tucrpe^ Albert. Specimeus of sirens; from Texas.

Tugglc^ TF. 0. Two bones of fossil elephant ; from Texas.

UlHch, E. 0. Box of fossils ; from Arkansas.

Union Oyster Company, Baltimore, Md. Fonr boxes of canned oysters.

Valentine, Gabriel. Specimens of minerals ; from Pennsylvania.

Valentine, Mann 8. Sample of extract of oyster.

Van Gamp, Br. Specimen of fish ; from the Fiji Islands.

Vene, Leroy. Water-worn rock ; from Virginia.

Wadham, J. E. Specimens of seeds and minerals ; from California.

Wagg, Br. James. Specimen of mineral , from North Carolina.

Walker, S. T. A collection of birds' skins, Indian relics, and shells

;

from Florida.

Walker, T. G. Specimens of peat ; from New Jersey.

Wallace, John. Stnff'ed skin of raccoon [Procyon lotor).

Wallis, R. A. Specimen of pipe-fish [Syngnathus peckianus) ; from Mary-
land.

Ward, Prof. H. A. A bottle of fishes ; from Ceylon and Borneo.

Washington, B. C.

:

Interior Bepartment

:

Box of plants, seeds, and woods, &c., collected by S. Hayes. Speci-

mens of minerals ; from California.

Soils collected between Sierra Nevada and City Hocks, by F. A.
Bishop.

Census Office. (See under the names of Edward Atkinson and W.
31. Chmeuret.)

General Land Office. (See under names of Surveyor- General John
Wasson and Special Agent James Bell.

Geological Survey, Clarence King, United States Geologist. (See un-

der the names of G. K. Gilbert and B. Pumpelly.)

Office of Indian Affairs :

Two boxes of Indian relics from graves at Forestville, N. Y. B.
Sherman, Agent, collector.

United States Commission of Fish and Fisheries. {Prof. Spencer F.

Baird, Commissioner.) About 225 boxes of zoological collections

from the Atlantic and Pacific coasts, made by Prof. A. E. Verrill,

Richard Rathbun, Charles H. Gilbert, G. Brown Goode, A. Howard
Clark, and B. S. Jordan; also, a number of models of fishing ves-

sels and implements. (See also under the names of Charles G.

Atkins, Tarleton H. Bean, E. C. Chester, A. H. Clark, F. N. Clark,

J. W. Collins, W. H. Ball, R E. Earll, T. B. Ferguson, Charles H.
Gilbert, G. Brown Qoode, William Hamlen, E. Ingersoll, B. S. Jor-

dan, M. McBonald, John S. Saunders, Neicton Simmons, Charles

W. Smiley, Livingston Stone, and James G. Sican.) Specimens of

marine natural history have besides been received from the fol-

lowing captains and crews of fishing vessels sailing principally

from Gloucester, Mass.

:
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Washington, JD. C.—Coiitiuued.
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Abbe, W. A. Specimens of young menliadeu ; from Promised Land, N. Y.

Anderson, Capl. Charles F., and crew of schooner Alice G. M'onson. Sijccimens

of sponges (C/(aZu(rt), corals (/ViHuioa, Paragorgia, &c.), shells, sea-iu'cbins,

crabs, eels (Mnrwn aides, Syncqihohranchus), tifihes{Centrosc)jIIium), &c. ; from
George's Bank.

Andrews, B. TV., Benjamin Marshall, and others, of Roclport. Pair of iron roll-

ers used in 1840 at Rockport, Mass., in the manufacture of isinglass from
fisli sounds.

Ardendale, Edward, schooner Josephine. Specimens of fishes (Remitripterus,

Fnonotiis, and Cnjptacanthodes), crabs, star-iishes, and other marine inverte-

brates ; from off Cape Sable, Pollock's Rips, and Ipswich Bay.

Bishop, John H. Models of schooners Emma S. Osier and John W. Smart.

Borson, William. Branch of sea coral (Primnoa reseda), with barnacles.

Brown, Edward 0., schooner Albert A. Harding. Specimens of fishes, shrimps,

and stomachs of mackerel ; taken along coasts of Maine and Massachu-
setts.

Burnham, Jeremiah. Two models of fishing vessels (purchased).

Burnham, Willard R. Two models of hshiug vessels (purchased).

Burns, Thomas. Y'oung mackerel and sponge (Ualichondria); from Seal

Island Ground.

Campbell, Capt. David, and crew of schooner Admiral. Specimens of corals

(Alcyonium), sponges (Polymastia), barnacles (Balanns), star-fishes, sea

feathei's, &c. ; from Grand Bank.

Carroll, Capt. Franlc, and crew of schooner Polar JVave. Specimens of fishes

(Scojyelus, Pctromyzon, and Synaphobranchus), corals (Flabellum, AcaneUa),

sponges, &c. ; from Saint Peter's Bank and Banquercau.

Cavangher, Lawrence, schooner Bellerophon. Specimens of fishes {Sehastes, Syn-

aphobranchns), sponges {Polymastia), and corals (Primnoa); from George's

Bank,

Colby, Charles. Specimens of shells, sea-worms, star-fishes, &c. ; from off

Thatcher's Island.

Colby, Henry. Sea-gnvunrd (Prionotus caj'oUmts) ; Gloucester Harbor.

Collins, Capt., D. E., and cretv of schooner Gussie Blaisdcll. Specimens of

star-tisbes (Jsferias, Solaster), corals, shells, ascidiaus, »S:c.; from the Grand

Banks.

Collins, John, and cretv of schooner Albert H. Harding. Y'oung dog-fish with

sack attached, and specimens of mackerel food ; from oft' Chatham and

Noman's Land.

Conly, John. Specimens offish {Auxis) ; from Gloucester Harbor.

Corliss, Capt. William, and crew of schooner Laughing Water. Specimens of

fishes (Cyclopterns, Pctromyzon, Murauioides), shells, star-fishes, «fcc. ; from

George's Bank.

Cousens, Captain, and crew of schooner Mist. Young skate, eggs of gastero-

pod, finger-sponge, bydroids, shells, &c. ; from the Western Bank.

Crew, Capt. Charles, and crew of schooner Isaac A. Chapman. Specimens of

fishes {Myxine, Chirostoma, Gadus, Synaphobranchus, Chimwra, Pctromyzon),

&c., corals {Alcyoniam, Acanthogorgia, Anthomastus, Keratoisis, AcaneUa,

&c.), sponges (Polymastia, Halichondria, Phabellia), ascidians, sea cauli-

flowers, bydroids, anemones, &c. ; from the Green, Saint Peter's, and

Grand Banks aud Banquercau.

Critchett, Captain, and crew of schooner Flash. Specimens of spiders (Nym-

phon), sponges (Polymastia), horseshoe crabs (Limulus), star-fishes, »S:c.
;

from George's Bank.
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Yyashington, D. G.—Contimied.

United States Commission of Fish and Fisheries—Continued.
Crittenden, A. E. Fossil iferoias bowlders from Capo Cod, and samples of

frawl-rollers used in Glovicester fisheries.

Cuddy, Captain, and crew of schooner Joseph 0. Specilneus of miissel-sliells,

barnacles, and fishes ; from George's Bank.
Curlcij, HiKjh, schooner Legal Tender. Crawfish, from the Providence River

;

and finger-sponge (Chalina) ; from the South Channel.

Daniels, Captain, and creio of schooner David M. Hilton. Syjecimens of seal-

lops, barnacles, sponges, and hydroids ; from George's Bank.
Dcmpscy, Capt. TViUiam, schooner Clara F. Friend. Specimens of fishes

(Zoarces, Mallotus, Mijxine, Petromyzon), corals, squids, shrimps, sponges,

«&c. ; from George's and Brown's Banks.

Dixon, Capt., and cretv of schooner Flora Temple. Specimens of spider-crab

(Lifhodes), star-fish {Uippasteria), and sponge {Chalina); from Middle

Bank.

Douglass, Albert. Specimens of squeteage and scnppaug; from Magnolia,

Mass.

Douglass, Thomas. Specimens of fishes {ileniicirrus, Centroprisiis) and squid

;

from Magnolia, Mass.

Dotoer, Augustus, schooner Victor. Specimens of shells, worms, squids, crabs,

«fcc. ; from the Grand Banks.

litch, Captain, and crew of schooner Herbert M. Rogers. Si)ecimens of corals

(Celleporaria, Escharopsls, Alcyonium), ascidians, sea-corn, «fcc. ; from the

Grand Banks.

Foivles, Frank, schooner Young Sultan. Specimens of star-fishes (Asterias,

Ojihiojyholis, Ctenodiscus), wlmlks, sea-anemones, «fec. ; off Cape Ann, Massa-

chusetts.

Fowles, J. Frank, steamer Geo. II. Bradley. Specimens ofmenhaden and men-
haden food and spawn ; also crabs, shell, sponges, &c. ; from various

places along Long Island Sound.

Geary, Capt. John, schooner Sunslmie. Finger-sponge (Chalina), swordfish-

sucker (Eemora) and parasites ; from Ipswich Bay and coast of Maine.

Getchell, Capt. John Q., and crew of schooner Otis P. Lord. Specimens of fishes

(Triglops, Gadus, Seiastes, Petromyzon, Murcenoides, Prionotus, Achirus),

sponges {Polymastia, Chalina), corals {Alcyonium), tunicates, bryozoans,

barnacles, crabs, &c. ; from George's Bank.

Gibbs, Captain, and crciv of scltooner Oceanus. Scarlet-cushion star-fish ; from
ofl; Cape Negro, N. S.

Gill, Capt. Israel, schoonerEmma. Piece of nipple-sponge (Po?^/''*^*''^)! from

off Sankaty Head ; and back-bone of x)ig-shark, off Gloucester Harbor.

Gilpatrick, Capt. Briggs, and crew of scltooner Gatherer. Specimens of fishes

{Synaphohranchus, Scopelus, Alepidosaurus, Petromyzon, Sebasies, Myxinc),

sea-feathers, sponges, star-fishes, &c. ; from the Grand Banks.

Govrville, Capt. J., andcrew of schooner Rehccca Bartlett. Specimens of fishes

{Sebastes, Triglops, Muranioidcs, Petromyzon), s-ponges {Chalina), hrjozoans,

hydroids, &c. ; from George's Bank.

Gr-cenleaf, Capt. N., and crciv of schooner Grace L. Fears. Specimens of fishes

{Scopelus, Lycodes) and skate's egg ; from Green Bank.

Guiliric, Captain, and crew of schooner Mary Broivn. Lump-fish {Cyclopterus

lumpus), weighing tenjiounds; caught off Thatcher's Island.

Hall, Captain, and crew of schooner Clytie. Specimens of eels {Murcenoides,

Petromyzon), star-fishes, mussels, holothuriaus, crabs, «&c. ; from George's

Bank.
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Washington, I). (7.—Continued.

United States Commission of Fish and Fisheries—Continned.

Harringion, John. Specimens of star-lishes, shells, slirimps, anemones, &c.

;

from George's Bank.

Harrington, John, schooner Otis P. Lord. Specimens of fislies, sponges, ane-

mones, star-fishes, hydroids, shrimps, &c. ; from George's Bank.

Hodgdon, Capt. Thomas, and cretv of schooner Bessie W. Somes. Specimens of

&sh. (Chiasmodes niger, Sebastes, Slmenchchjs, Macrnrus), corals (Alcyonium,

Acanthogorgia, Keratoisis, Anthothela), &c. ; from the Grand Banks.

Hodgdon, Captain, and creiv of schooner Proctor Brothers. Specimens of sea-

feathers {Pennatula, Balticina), sytonges (Polymastia, Phabellia), sea-worms,

&c. ; from Grand Banks.

Hooper, E.A., hark Silas Fisk. A large mackerel (Scomber sp.); from off

the coast of Chili.

Hurlburt, Robert, schooner Star of the East. Large mussel-shell with sponge

(Chalina); from George's Bank.

Hurlburt, Robert, schooner Barracufa. Small octopus ; from Brown's Bank.

Hurlburt, Robert. Specimens of yellow perch, horned pout, red fin, &c.

;

from oft" Yarmouth, N. S.

Jacobs, Capt. Sol, schooner Sarah If. Jacobs. Specimens of fish (Scomberesox,^

Cyclopterus, Poronolns, Gasterosteus, and Scomber) ;
from off Cape Cod.

Jacobs, Capt. Sol, schooner Edward E. Webster. Specimens of fish (Aiixis, Po-

ronotus), sponge, sword-fish parasites, &c. ;
from oft" Block Island.

Jellow, John, schooner Frederick Gerring. Perforated stone ; from south coast

of Newfoundland.

Jelloic, John, schooner Henry Friend. Part of a small a,nchor covered with

bryozoans and hydroids ; from George's Bank.

Jeivett, Silas, schooner Phantom. Specimens of star-fish (Ophioglypha Sarsii)

and egg capsules (Sycotypus) ; from Ipswich Bay and Providence

River.

Johnson, Capt. George A., schooner Augusta H Johnson. Specimens of fish

(Macrurus, Centroscyllium, Petromyzon, Simenchelys, Sebastes, Synaphobran-

chus), corals (Flabellum), ascidians, crabs, star-fishes, &c. ;
from the Grand

and Saint Peter's Banks.

Johnson, Capt. Levi, and creic of schooner Lizzie. Pug-nosed eels (Simenchelys)

and star-fishes (Asterias) ; from Grand Banks.

Johnson, Capt. Otto, and crew of seliooner Magic. Specimens of fish (Mura-

noides, Brosmius), shells, hydroids, barnacles, &c. ; from George's Bank.

Kill, Capt. William, and crew of schooner Eureka. Young moon-fish (Parc-

phippus quadratus) ; from off Seguin, Me,

Knight, Capt. T.H., schooner Ocean King. Specimens of star-fishes (Ojj/(io-

glypha, Hippasteria, Ctenodiscus, Asterias, Crossaster) ; corals (Alcyonium),.

crabs, clams, ascidians, &c. ; from Grand Banks.

Landry, Simeon. Rock with Chalina sponge ; from off Sankaty Head.

Lawson, Capt. Charles, and eretv of schooner Herman Babson. Specimens of

crustaceans, molusca, ascidians, tunicates, star-fishes, &c. ;
from the Grand

Banks.

Lawson, Captain, and crelv of schooner Henry Stanbury. Stone covered with

barnacles {Balanus) ; from George's Bank.

Lee, Capt. Charles, schooner Orient. Cramp-fish (Torpedo occidentalis) ;
from

Ipswich Bay.

Lowni, Captain, and cretv of schooner Aberdeen. Specimens of fish (Triglops),

shells (Pecten, Modiola) star-fishes, finger-sponge, hydroids, &c.; from

George's Bank.

S. Mis. 3L 9
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Washington, D. C.—Continued.

United States Commission of Fish and Fisheries—Continued.

Lurvey, William, Rock-gurnard (Prionotus carolinus) from Ipswich Bay.

McAslcell, Capt. Neil, and crew of schooner Lizzie. Specimens of fish {Mac-

rurus, AnarrhicJias, Plati/somatichihys, Myxine, Scopelus, Centroscyllium

Sebastes, Peiromyzon), corals (Alcyonuim Primnoa), sponges (Polymastia,

Phakellia, Cladorhiza), star-fishes, ascidiaus, &c., from the Grand Banks.

McCurdy, Alex. Sample of double-edged throating-knife, made at Glou-

cester, Mass., for use in fisheries at Alaska.

McDonald, James, schooner E. B. Phillips. Specimen of spiny spider-crab

(Liihodes maia) ; from Jeffrey's Ledge.

McDonald, Capt. Jerome, and creiv of schooner Solar Wave. Specimens of fishes

(Coryphainoides, Myxine), devil-fish (Octopus), sponges (Cladorhiza), sea-

feathers, &,c.; from the Grand Banks.

McDonoiigh, Hervey, schooner Finance. Young codfish (Gadus), star-fish

(Asterias), and barnacles ; from off Cape Negro, N. S.

McGraw, James. Sea-mouse (Aphroditii), from off Eastern Point ; and mussel-

shell covered with eggs of gasteropod ; from George's Bank.

Mcintosh, Capttain, and crew of schooner Paul JRcvere. Holothurians, shrimps,

sponges, &c.', from Jeffrey's Ledge.

, Mclntyre, Captain, and crexv of schooner Paul Revere. Crinoids, parasites from

codfish, and ovaries of shark ; from G«orge's Bank.

McKenzie, Capt. Andrew, and crew of schooner Bellerophon. Specimens of fish

(Asjjidophoroides, Sebastes), algse, star-fish, crabs; from offNova Scotia and

Newfoundland.

MoEinnon, Capt. Daniel, and crtw of schooner Mary F. Chisholm. Specimens of

fishes (Simenchelys, Peiromyzon, Haloporphyrus, CentroscyplUnm, Synapho-

iranchus, Scojiclus), corals (Flabellum, Acanthogorgia, Keratoisis), crabs,

&c.; from the Grand Banks.

McKinnon, Capt. John, and crew of schooner Mystic. Specimens of fishes

(Poronotus, Sebastes, Muraenoides, Hippoglossoides), shells, star-fishes (Aste-

rias, Hippasteria,) sea-roses, corals, &c. ; from the George's and Grand

Banks.

Mahlman, David. Specimes of fishes (Seriola and Menticirrus) ; from off

Eastern Point.

Marble, Frank. Portion of codfish's backbone with excrescence.

Markuson, Capt. Kurd, and creiv of schooner Notice. Specimens of fishes (Mal-

lotus, Apeltes, Sebastes, &c.), corals (Acanella, Alcyonium, Acanthogorgia),

star-fishes, sea-feataers (Pennatula, Balticina), shells, &c. ; from the Grand

Bank.
Martin, Capt. Charles, and crew of schooner Martha C. Specimens of fishes

(MaUotus, Scomberesox, Clupea), star-fishes (Crassaster, Solaster), shells, sea-

anemones, sponges, &c. ; from George's Bank.

Martin, Capt. George H., and crew of schooner Northern Eagle. Specimens of

star-fishes (Hippasteria), fishes (Murwnoides, Scomber, laufogolabrits), cor-

als (Primnoa), &c. ; from the Grand Bank, Ipswich Bay, and the coast of

' Maine.

Martin, Capt. S. J. Specimens of fishes (Lamna, Anarrhichas, Gadus, Tau-

togolabrus, &c.) ; from Gloucester Harbor.

Merchant, George, schooner Hattie B. West. Variety of mackerel ; from the

coast of Maine.

Merchant, Philip. Branch of gold-banded nest coral (Keratoisis ornata) ; from

Banquereau.

Merchant, Philip, schooner Everett Steele. Specimens of fishes (Pctromyzon,

Phycis, Chirostoma), shells, hydroids, crabs (Cancer,&c.) ; from the George's

Banks.
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Merchant, Capt. PJiilip, and crew of schooner Marion. Spccimeus of fislies

(Chimwra, AnarrMchas, Haloporphyrus, Synaphohranchns), sea-roso ( L^r/i-

cina), sponge {Polymastia), corals {Acanella), &c. ; from tlie Grand Bank.

Merchant, Capt. I'Mlip, schooner Wachuseit. Brisinga star-lisli, shark's eggs,

and uipple-spouge; off Banquereau.

Mitchell, Manuel D., schooner Sultana,. Specimens of fishes (Achirus, Kemich-

thys), star-fislies (Solaster, Astrophyton, Lophasteria), crabs (Cancer, Hyas,

Geryon), shrimps, holothnrians, &c. ; from George's Bank.

Morris, Captain, and crew of schooner Frederick Gerring. Perforated stones

and lamp shells ; from off Saint Peter's Bank.

Morrissey, Capt. James D., and creiv of schooner Plymouth Rock. Specimens

of fishes (Myxine, Zoarces, Synaphohranchus, Simenchelys, Petromyzon, Ccn-

troscyllium, Macrurus Fahricii, and M. Bairdii, Sebastes, Scopelus, Centro-

scymnus), star-fishes (Ophiojjholis, Ctenodiscus), sea-feathers (Pcnnatula, JDal-

ticina), corals {Flahellum, Acanthagorgia, Acanella, Alcyonium), marine

worms, anemones, &g. ; from the Grand and Green Banks.

Morrison, Capt. B. and crew of schooner Laura Nelson. Specimens of fishes

{Scomberesox, Myxine), corals, sponges, sea-feathers, «fcc. ; from Grand and

Artimon Banks.

Murphy, Capt. Charles, and crew of schooner Alice M. Williams. Specimens of

fishes Myxine, Maa-urus, Scopelus, Mallotus), corals {Primnoa, Acanella,

Paragorgia, Eeratoisis, Acanthomastus), sponges {Polymastia, PhakelUa,

Cladorhiza), sea-feathers {Pennaiula, Balticina), star-fishes, &c. ; from

Saint Peter's, Grand, and Bauquereau Banks.

Murphy, Captain, and crew of schooner Proctor Brothers. Specimens of sponges

{Polymastia, Cladorhiza), sea-rose ( Urticina), and sea-feathers (
Virgularia)

;

from Saint Peter's Bank.

Nason, Captain, schooner William A. Pew. Specimens of fishes {Lophtus,

Myxine), star-fishes {Crossaster, Opkiopholis), shells, hryozoons, &c. ;
from

George's Bank.

Neil, Captain, and crew of schooner Alfred Walen. Bunch of tumorous sub-

stance taken from stomach of codfish on George's Bank.

Nelson, Capt. Anderson, schooner Starry Flag. Large perforated rock ; from

George's Bank.

Neivbury, Captain, and crew of schooner Barracouta. Great scallop {Pectcn

tenuicostatus) with barnacles {Balanus) attached; from George's Bauk. j,

O'Brien, Capt. Daniel, and crew of schooner Guy Cunningham. Specimens of

fishes {Macrurus, Ccntroscyllium., Synajyhobranchiis, Myxine), siionges {Cla-

dorhiza, PhakelUa), corals {Acanella, Acanthogorgia, Paragorgia, Paramu-

ricea, Flahellum), sea-feathers {Balticina, Pennatula), star-fishes {Asterias,

Ctenodiscus), &c. ; from Grand Banks.

Olsen, Capt. George, and crew of schooner Procter Brothers. Pilot-fish, sponges

{Cladorhiza PhakelUa, Polymastia), sea-feathers, shells, anemones, &c.

;

from the various banks off Newfoundland.

Olsen, Capt. Thomas, and crew of schooner Epes Tarr. Specimens of fishes

{AnarrhicJias, Myxine,Scopelus, Centroscyllium, SynaphobranchuSjPetromyzon),

corals {Paragorgia, Primnoa, Alcyonium, Anthomnstus), sjyo-Qges {PhakelUa,

Cladorhiza), devil-fishes, anemones, crinoids, &.c. ; from the Grand and

Saint Peter's Banks.

Osier, Capt. David A., schooner Breeze. Large sea-lamprey {Petromyzon

marinus) ; from Ipswich Bay.

Pearce, Fred. Base of coral {Primnoa), with lamp shells and brittle star-

fish ; from Bauquereau.
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Perrel, TViUlam H., schooner Joseph 0. Specimens of sijonges, star-fislies,

mussels, &c. ; from George's and Brown's Banks.

Petiingell <f Cunninyham, Gloucester. Whale's rib bone.

Poland, Daniel. Three models of fishing-vessels.

Eaddiffe, Captain, Young thresher shark (^Zopias vm/jjcs) ; from off Eastern

Point.

Biggs, Capt. Joshua, schooner Filz J. Bahson. Specimens of frigate mackerel

(Auxis) ; from off Block Island.

Boive, John. Calcareous rock ; from George's Bank.
Byan, Capt. J., and crew of schooner David A. Story. Specimens of fishes

{Myxine, Macrurus, Synaphohranchus, Peti'omyzon, Centroscyllium, Scopelus),

sponges {Ualiehondria, PhakeUia), corals (Alcyonium, Parayorgia), hydroids,

sea-roses, ascidiaus, shells, sea-mice, &c. ; from the Grand Bank.
Schooner Adelia HartweU, captain and crew of. Two large honey comb rocks;

from George's Bank.

Schooner Enola C, captain and crew of. Horse mussels (Modiola) with barna-

cles (Balanus) attached ; from George's Bank.

Schooner Josephine, of Boclqmrt, captain and crew. Ling or mutton-fish ; from
off Chatham, Mass.

Schooner Mary E. Daniels, captain and crew of. Spiny himp-fish (Eumicrotrernus

spinosus), bryozan coral (Escharoj^sis rosacea) and eggs of gasteroijod

;

from the Grand Banks.

Schooner Northern Star, cajitain and crew of. Large monk-fish {Lophius ameri-

canus) ; from Western Bank.

Schooner William Parsons, 2d. Specimen of bala^na ; from the Grand Banks.

Scott, George W., schoonei- Clytie. Specimen of fishes {Scomber, Gadus, Pctro-

myzon), crabs (Hyas), shells, hydroids, &c. ; from Brown's Bank.
Slarin, Herman. Barnacles {Balanus) and chaliua sponge ; from Brown's
Bank.

Smith, Capt. Joseph, schoono- Wm. M. Gaffney. Sea-horse {Hippocampus)

;

from off Block Island.

Smith, Capt. Bobert, schooner Volunteer. Specimen of mackerel ; from oft'

Seguin, Maine.

Spurr, Capt. Alfred, and crew of schooner John F. JVonson. Specimens of sea

feathers, corals, tunicates, &c. ; from George's Bank.
*

Stoi-y, Charles 0. Three bjiilding models of fishing-vessels.

Tarr, Capt. Zebulon, and crew of schooner Mary Fernold. Mackerel-food ( Cope-

poda) and small fish from mackerel stomaclis ; from Prince Edward's Island.

Thompson, Capt. Thomas, and crew of schooner Lizzie K. Clark. Crustaceans,

mackerel-midges, and fishes ; from off the coasts of Maine and Prince

Edward's Island.

Wadsworth, Capt. James, and cretc of schooner Conductor. Specimens of fishes

{CentroscylUum, Haloporphyrus, Synaphohranchus), coral {Alcyonium), and
sea feathers {Pennatula and Baltidna) ; from George's Banks.

Wells, Captain, and creiv of schooner H. A. Duncan. Specimens of fishes, star-

fishes, crabs, sponges, &c. ; from Brown's Bank and off Nova Scotia.

Wheeler, Captain, schooner Defiance. Sea-lamprey {Petromyzon) from off

Thatcher's Island, and moon fish {Parephijjiyus) from Ipswich Bay.

White, Capt. Thomas, and crew of schooner Martha and Susan. Specimens of

fishes {Chirostoma, Petromyzon), crabs {Hyas), mussels {Modiola), sea-

urchins, &c. ; from Brown's and George's Banks.

Whiiton, Capt. Owen A., and creio of schooner Wm. H. Oakes. Specimens of

fishes {Synaphoiraiichus, Myxine), corals {Eeratoisis, Anthomastus, Para-
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gorgia, Alcgoniinn), squid {Architcuthis), sponges {rolymastia, PhakeUia),

anemones, cj-iuoids, &c. ; from the Grand Banks.

Williams, Capt. B. A., and crew of schooner Centennial. Specimens of fishes

{Lycodes, Mallotiis), star-fishes (Solaster, Asterias) tunicates, sea-ciiciun-

bers, shells, &c. ; from the Grand Bank.

fVilson, Mr. Specimens of fishes {Solaster, Ripiyasteria) ; from oif Cape Breton

Island.

Wonson, Everett. Laughing gull {Lams atricUla) ; from Brace's Cove, Glou-

cester.

Wonson, Fletcher. Calcareous rocks, &c. ; from George's Bank.

Wonson, John F. Specimens American sole {Achirus) and calcareous rock,

from the South Channel ; and shells and barnacles from hull of bark San-

tee (Africa).

Wright, Capt. Frank, and cnw of schooner Wachusett. Specimens of fishes

{Myxine), scollops, whelks, sponges, corals {Escharojhsis, Primnoa), sea-

feathers, &c. ; from the Grand Banks.

l^avy Department

:

Bureau of Steam Engineering. (See under name of Passed Assistant

Engineer H. C. Becl-with.)

United States Navy. (See under names of Commodore Earl English.,

Capt. R. Chandler., Commanders Lester A. Beardslee, B. D. Evans,

and Ensign W. L. Wood.)

Treasury Department

:

United States Coast and Geodetic Surrey, Capt. C. P. Patterson,

Superintendent. (See under W. II. Dall.)

United States Revenue Marine. (See under Dr. Robert White.)

War Department :

Signal Service. (See under names of Ca2)t. E. W. Hoivgate and Pr*-

vate E. W. Nelson.)

Surgeon- General's Office. (See under the names of Drs. J. N K. Cor-

son, Elliott Coues, R. E. Lighthiirne, George 11. Moran, C. A. Seivall,

and H. W. Taylor.)

Surveys tvest of the one hundredth meridian {Capt. G. M. Wheeler in

charge). Ten boxes invertebrate fossils.

United States Army. (See under the names of General M. C. Meigs,

Lieut. Col. Richard J. Dodge, Captains Charles Bendire, E. Craw-

ford, Levi Cromwell, James Gilliss, Lieuts. A. W. Greely, L. D.

Green, H. Romeyn, and J. B. Siveitzer.)

Wasson, John, United States Surveyor-General, Arisona. Specimens of

minerals from A^arious mining claims in Arizona.

Weeden, W. C. Three living blacksnakes {Bascanion constrictor), and

skin of shrike; from Washington, D. C.

Weel-s, Charles. Arrow-heads; from Maryland.

West, John. Specimens of stone implements; from Virgmia.

West, William. Indian stone implements; from Virginia.

Westcott, 0. S. Jaw of fresh-water drum [Haploidonotus grunniens);

from Wisconsin.
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Whittaker, E. TF. Specimen of mineral.

White^ Dr. C. A. A collection of fossils; from various localities.

White, H. G. Skin of titmouse {Parus atricapiUus) ; from Taunton,

Mass.

White, Dr. Robert, United States Revenue Marine. Six boxes of general

natural history specimens ; from Alaska.

White, Samuel [through Dr. A. P. L. Pease). Specimens of minerals;

from Ohio.

White, Thomas J. Flint-lock pistol found at Harper's Ferry, W. Va.

Whitney, J. L. Copper ax and shell imj)lement ; from Ohio (purchased).

Wiggins, F. B. Three living i:)0ssums ; from Virginia.

Wiggins, John B. Three pieces of soapstone; from Virginia.

Wilcox, W. A. One hundred and thirty packages of fishing apj^aratus

and samples of various i^reparations of fish.

Wilder, B. G. Living Menohranchus ; from Xew York.

Wilkin, Dr. J. F. Tank of fishes ; from Virginia.

Williams, Captain {through W. H. Dall). Specimen of seal {Histriophoca

equcstris); from Bering Sea.

Williams, Rev. G. F. Pottery figure (lent for casting).

Williams, J. G. Specimens of minerals
;
.from Pennsylvania.

Wilmot, Samuel. Three specimens of salmon ; from Canada.

Wilson, G. B. Box of birds' eggs ; from Texas.

Wilson, Lewis {through Geo. A. Boardman). Sf»ecimen of bluefish; from

Maine.

Winslow, Ensign Francis, Assistant United States Coast and Geodetic

Survey. Bottle of alcoholic fishes ; from the Chesapeake Bay.

Woltz, George. Living water-snake and five Indian arrow-heads ; from

Virginia.

Wood, J. W. Bottle of reptiles ; from Wisconsin.

Woods, James. Indian drilled implement, with original drill; from New
York (lent for casting).

Woods, M. L., Ensign U. S. N. Box of alcoholic specimens of reptiles;

from Texas.

Woodman, Dr. H. T. Four boxes of Indian relics ; from Iowa.

Wooster, A. F. Specimens of birds' eggs, minerals, and mosses.

Wooton, J. B. Specimens of insects.

Worth, S. G. Specimens of fish; from North Carolina.

Wright, Abel A. Water-beetle ; from Georgia.

Wright, Isaac H. Box of fish-hatching apjiaratus.

Wyeth, John, & Brother, Philadelphia. Bottle of fluid extract of sea-

wryack.

Zircle, Reuben. Specimens of stalagmitic formations ; from New Market
Cave, Va.

Zug, J. E. Specimen of granite.

A number of specimens of fishes, seeds, plants, minerals, Indian relics,

birds, &c., have also been presented by unknown donors.
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The following articles, which have been added to the collections of

the National Museum, were presented to the United States Commis-

sion of Fish and Fisheries at the International Fisheries Exhibition,

Berlin, 1880:

Denmark :

Banish Commission. Two models of Danish fishing-vessels, a model

of an eel-weir, and an eel-spear.

Germany:
Berlin Aquarium, Dr. Hermes. A number of fishes from the Berlin

Aquarium.

Borne, 3Iax von dem. Model of a fish-pond, a full size model of a

sluice-way and gate for fish-pond; also, some fish-hatching ap-

paratus.

Leipsie, Museum fur Vdlkerl'imcle. A small collection of ethnologi-

cal objects, principally African.

Oterendorp & Co., Nordernei. Model of a German fishing-vessel.

Peterson, Euno; Flenshurg. Model of a German trawling-vessel.

Schuster, Carl. Transportation can for fish.

Holland :

Dutch Commission; A. E. 3faas, commissioner. A model of a life-

saving boat.

"Ifeptunus^^ Company, Nieuwe Diep. Model of a peculiar Dutch

fishing-boat.

Italy :

Italian Commission. A large series of canned fish.

Florence Natural History Museum, Prof. Enrico GiglioU. A small

collection of Italian water-bkds, and a series of Italian fishes in

alcohol.

Genoa Natural History Museum, Dr. Decio Vinciguerra. A collection

of Italian fishes in alcohol.

Norway :

Norwegian Commission. Models of five different Norwegian fishing

vessels and boats. A model of a fisher-house at the Lofoten

Islands. A collection of fishing gear, including lines, hooks, and

trawl; besides a set of cooper's tools, used in making fish-barrels.

Also a large series of samples of canned and dried fish.

Stavanger Preserving Company, Stavanger. A series of samples of

canned fish.

RUSSIA:

BMSsian Commission. Specimen of fish isinglass, and a large and

finely-illustrated work on the inland fisheries of Eussia.

Sweden:
Swedish Commission. A series of samples of canned and dried fish.
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REPORT OF EXPLORATIONS IN NEW MEXICO AND ARI-
ZONA, BY JAMES STEVENSON.

Professor S. F. Baird :

Dear Sir: I have the honor to present you herewith a brief state-

ment of the explorations made by the party under my charge during

last summer; giving, for the present, only an outline of the country

traversed and the aggregate results accomplished.

The party arrived at Santa Fe, New Mexico, about the first of Sep-

tember last, where a fevv days were spent in arranging details for the

prosecution of the field work.

From Santa Fe the party traveled direct to the pueblo of Taos, by
way of the Rio Grande. At Taos about a week was spent in making
collections; many sketches were made, representing picture-writing on

the interior of the dwellings and estufas. Quite a number of photo-

graphic illustrations were made, showing the entire outlines of the vil-

lage, including many details of its structure, sufficieutly to construct a

model. Portraits were also taken of the j)rincipal individuals of the

imeblo.

From Taos the party proceeded southward to the pueblo of San Juan.

From San Juan to Santa Clara, from Santa Clara to San Ildefonso,

from there to Nambe, thence back to Santa F6. A few days more were

spent at the latter jjlace in obtaining supplies for future work. We
again j)roceeded southward to the pueblo of Cochiti, which is situated

on the west bank of the Rio Grande, about 30 miles from Santa Fe.

The party sjient sev^eral days at this place making collections, photo-

graphic and other illustrations. From Cochiti we traveled westward

about 30 miles to the i)ueblo of Jemez, situated near the sources of the

Rio Jemez. At this village some days were spent in making collec-

tions, photographs, &c. From Jemez we followed up the Rio Jemez to

the Hot Springs, near which we found several large ruins, both Indian

and Spanish. Many views were made of the ruins, as well^s a collec-

tion of i)Ottery fragments, stone implements, &c. From Jemez our

course was south, following the Jemez River. About ten miles below

Jemez we found the pueblo of Silla, or Sia; here, too, a collection was
made, and some photographs. Continuing down the river some miles,

we reached the pueblo of Santa Ana. This pueblo we found to be much
larger than any we had visited, except, perhaps, Taos. Our investiga-

tions at this pueblo were as full and complete as those made at the

other i)ueblos. From Santa Ana we continued south, crossing the

Rio Grande, to the pueblo of Sandia, At this village a full collection

was made and an ample number of photographic illustrations to con-

vey the fullest impression of the pueblo. From Sandia we moved on

to Santo Domingo. This pueblo is located on the east bank of the Rio



APPENDIX TO THE REPORT OF THE SECRETARY. 137

Graude, and between that and tlie line of the Atchison, Topeka
and Santa Fe Eaih-oad. We also made a complete collection of pot-

tery, &c., at this ijoint. From here we continued our journey up the

Eio Grande to the pueblo of San Felipe. Here we also spent several

days making illustrations and collections. We then returned to Santa Fe,

from where a special trip was made, via the railway, to the pueblo of

Isleta. At each of the pueblos a suflicient time was taken to make
investigations of all kinds in relation to the inhabitants, and to make a

full typical collection of all their utensils, fabrics, «&c., illustrating their

industries, &c.

There are very many details and specimens of special interest which
can only be presented after an examination of the sketches, photo-

graphs, and specimens.

The object of greatest interest to the party was the discovery of a

class of ruins occupying a large area of country about 45 miles west of

Santa Fe, and lying around the base of the Jemez Mountains, and be-

tween these mountains and the Rio Grande. These ruins extend in a

semicircular manner from near Ildefonso around to the sources of the

Eio Jemez, and are in depth from 3 to 15 miles. The houses are ex-

cavated in the faces of i^erpendicular bluffs comj)Osed of a soft volcanic

tufa, very much resembling pumice stone ; each bluff is shaped in its

outlines somewhat like a horseshoe, the whole being situated in series,

lacing the river, and receding back from it, one above the other, toward

the Jemez Mountains. The accompanying pencil sketches, by Mr. F.

G. Galbraith, and one of the photographs will convey an impression of

their appearance. From these ruins a large quantity of stone imple-

ments were collected.

One other locality which came within view of the party, but which

was not examined for want of time, will prove of much interest. The

locality referred to is on either side of the Upper Jemez Eiver, which

is bordered by numerous mesas from four to fifteen hundred feet in

height, and much broken or cut uj) by canons which have in many
instances separated the mesas from each other. Located on the sum-

mits of these mesas we found twenty-seven villages in ruins, which we
could only see with our glasses from the summit of a high mountain.

The mesas on which these ruins are situated are so high and difficult

of access that many days would be required to explore a single one

of them.

In summing up the results of the work for the season, I can do no

more than to give a list of the collections and illustrations made.

Pliotograplis.—Twenty-two 11 x 14 views representing the pueblos of

Taos, San Juan, Santa Clara, San Ildefonso, Pojanquiti, Tesuque,

Nambe, Cochiti, Jemez, Jemez Euins, Silla or Zia, Santa Ana, Sandia,

Isleta, Santo Domingo, San Felipe, and Picoris. Twenty -one 8x10
portraits, embracing the governors and other principal pers(5us of the

Pueblo tribes visited.
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SiJecimens.—Two thousand eight hundred specimens, embracing pot-

tery, pestles, mortars, baking stones, grinders, polishing stones, drills,

axes, spears, arrow-heads, scrapers, adzes, &c. Fabrics, such as blank-

ets, waistlets, anklets, leggins, dresses, head-dresses, &c. Also, toys,

bird-traps, spindle-whorls, gaming-stoues, cart and plow, and many other

objects too numerous to specify.

Hoping this brief statement may serve your purposes for the time

being,

I am, very respectfully, your obedient servant,

James Stevenson.
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RECEIPTS AND DISTEIBUTION OF SPECIMENS.

[These tables show only what has been recorded or entered in the detailed catalogues,

constituting but a small proportion of the whole.]

Table sliowing the number of entries in the record-books of the United States

National Museum at the close of the years 1879 and 1880, respectively.

Class.



140 APPENDIX TO THE REPORT OF THE SECRETARY.

THE FIRST DECADE OF THE UIS'ITED STATES FISH COM-
MISSION : ITS PLAif OF WORK Al^TD ACCOMPLISHED RE-
SULTS, SCIENTIFIC AND ECONOMICAL.

By G. Brown Goode.*

There are nine departments of the government devoted, in part or

wholly , to researches in pure and appUed science—the Geological Sur-

vey; the Coast and Geodetic Survey; the Naval Observatory; the

National Museum; the Department of Agriculture; the Entomological

Commission ; the Tenth Census, with its special agencies for the study

of the natural resources of the country; the Smithsonian Bureau of Eth-

nology, and the Commission of Fish and Fisheries. The Smithsonian

Institution, established upon an independent foundation, should also be

mentioned, as well as the Medical Museum of the Army, and the various

laboratories under the control of the Army and Navy Departments.

The Geological Survey is not now carrying on any of the schemes of

zoological and botanical investigation engaged in by its predecessors.

The work of the Entomological Commission and that of the census,

though of extreme importance, are limited in scope and dui'ation, while

that of the Agricultural Department is necessarily, for the most part,

economical.
^

The work of the National Museum is chiefly confined to the study of

collections made by government surveys or individual collectors and sent

in to be reported upon.

The work of the Fish Commission, in one of its aspects, may perhaps

be regarded as the most prominent of the present eflbrts of th.e govern-

ment in aid of aggressive biological research.

On the 9th of February, 1871, Congress passed a joint resolution which

authorized the appointment of a Commissioner of Fish and Fisheries.

The duties of the Commissioner were thus defined :
" To prosecute investi-

gations on the subject (of the diminution of valuable fishes) with the view

of ascertaining whether any and what diminution in the number of the

food-fishes of the coast and the lakes of the United States has taken

place ; and, if so, to what causes the same is due; and also whether any

and what protective, prohibitory or precautionary measures should be

adopted in the premises, and to report upon the same to Congress."

The resolution establishing the oflice of Commissioner of Fisheries

required that the person to be appointed should be a civil officer of the

government, of proved scientific and practical acquaintance with the

* [From the Peoceedengs of the Amekican Association fob the Advancement of ScIE^•cE, YoL
xxix, Boston Meeting, Angust, 1880.]
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fislies of the coast, to serve without additional salary. The choice was
thus practically limited to a single man for whom, in fact, the office had
been created. Professor Baird, at that time Assistant Secretary of the

Smithsonian Institution, was appointed and entered at once upon his

duties.

The summer of 1880 marks the tenth season of active work since its

inception in 1871. The Fish Commission now fills a place ten-fold more
extensive and useful than at first. The present essay aims to show, in

a general way, what it has done, is doing, and expects to do—its pur-

poses, its methods, its results.

The work is naturally divided into three sections:

1. The systematic investigation of the waters of the United States

and the biological and physical problems which they present. The sci-

entific studies of the Commission are based upon a liberal and philo-

sophical interi)retation of the law. In making his original plans the

Commissioner insisted that to study only the food-fishes wouhl be of

little importance, and that useful conclusions must needs rest upon a

broad foundation of investigations i>urely scientific in character. The
life history of species of economic value should be understood from be-

ginning to end, bnt no less requisite is it to know the histories of the

animals and plants upon which they feed or upon which their food is

nourished; the histories of their enemies and friends, and the friends

and foes of their enemies and friends, as well as the currents, tempera-

tures, and other physical phenomena of the waters in relation to migra-

tion, reproduction, and growth. A necessary accompaniment to this

division is the amassing of material for research to be stored in the Na-

tional and other museums for future use.

2. The investigation of the methods of fisheries, past and present,

and the statistics of i^roduction and commerce of fishery products. Man
being one of the chief destroyers of fish, his influence upon their abun-

dance must be studied. Fishery methods and apparatus must be exam-

ined and compared with those of other lands, that the use of those which

threaten the destruction of useful fishes may be discouraged, and that

those which are inefficient may be replaced by others more serviceable.

Statistics of industry and trade must be secured for the use of Congress

in making treaties or imposing tariffs, to show to produ<;ers the best

markets, and to consumers where and with what their needs may be

supplied.

3. The introduction and multiplication of useful food-fishes through-

out the country, especially in waters under the jurisdiction of the gen-

eral government, or those common to several States, none of which

might feel willing to make expenditures for the benefit of the others.

This work, which was not contemplated when the Commission was

established, was first undertaken at the instance of the American Fish

Cultiu-al Association, whose representatives induced Congress to make

a special appropriation for the purpose. This appropriation has since
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been renewed every year on a more bountiful scale, and the propagation

of fish is at present by far the most extensive branch of the work of the

Commission, both in respect to number of men employed and quantity

of money expended.

Although activity in this direction may be regarded in the light of

applied rather than pure scientific work, it is particularly important to

the biologist, since it affords opportunities for investigating many new
problems in physiology and embryology.

The origin of the Commission, its purposes, and methods of organiza-

tion having been described, it now remains to review the accomplished

results of its work. In manj' departments, especially that of direct

research, most efficient services have been rendered by volunteers; in

fact, a large share of what has been accomplished in biological and
physical exploration is the result of unpaid labor on the part of some of

the most skillful American specialists. Although it would be interest-

ing to review the peculiar features of the work of each investigator, the

limits of this paper will not allow even a mention of them all by name.

Since the important fisheries center in New England, the coast of

this district has been the seat of the most active operations in marine

research. For ten years the Commissioner, with a party of specialists,

has devoted the summer season to work at the shore at various stations

along the coast, from Connecticut to Nova Scotia.

A suitable place having been selected, a temporary laboratory is fitted

uj) with the necessary appliances for collection and study. In this are

placed from ten to twenty tables, each occupied by an investigator,

either an officer of the Commission or a volunteer. From 1S7S to 1879

important aid was rendered by the Secretary of the Navy, who detailed

for this service a steamer to be used in dredging and trawling, and this

year the steamer built ex^jressly for the Commission is employed in the

same manner.*

The regular routine of operations at a summer station includes all the

various forms of activity known to naturalists—collecting along the

shore, seining upon the beaches,t setting traps for animals not otherwise

to be obtained, and scraping with dredge and trawl the bottom of the

sea at depths as great as can be reached by a steamer in a trip of three

*Tlio number of dredging and trawling stations on record, is as follows:

1871. Wood's Holl 345

1872. Eastport, 200 by hand, 35 by steamer 235

1873. Portland 149

1874. Noank 223

1875. Wood's Holl 169

1877. Salem

Halifax ^ 378

1878. Gloucester

1879. Provlncetown

Total 1,500

tThe number of seine hauls is about 600.
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days. In the laboratory are carried on the nsual structural and system-

atic studies; the preparation of museum specimens and of reports.

Since the org;anization of the Commission tlie deep-sea work and the

investigation of invertebrate animals has been under the charge of Pro-

fessor Verrill, who had for many years before the Commission was
established been studying independently the invertebrate fauna of ISew

England.

In addition to whatJias been done at the summer station, more or less

exhaustive investigations have been carried on by smaller parties on

many parts of the coast and interior waters. The fauna of the Grand

Banks and other off-shore fishing grounds has been partly explored.

In 1872, 1873, and 1874 dredging was carried on from the Coast Survey

steamer Baclie by Professor Packard and Mr. Cooke, Protessor Smith,

Mr. Harger, and Mr. Eathbun. In 1879 Mr. H. L. Osborne spent three

months in a cod-schooner collecting material on the Grand Banks, and

Mr. IST. P. Scudder as long a time on the halibut grounds of Davis'

Straits.

A most remarkable series of contributions has been received from

the fishermen of Cape Ann. When the Fish Commission had its head-

quarters at Gloucester in 1878 a general interest in the zoological work

sprang up among the crews of the fishing vessels, and since that time

they have been vying with each other in efforts to find new animals.

Their activity has been stimulated by the i)ublication of lists of their

donations in the local papers, and the number of separate lots of speci-

mens received to the present time exceeds eight hundred. Many of

these lots are large, consisting of collecting-tanks full of alcoholic speci-

mens. At least thirty fishing vessels now carry collecting-tanks on

every trip, and many of the fishermen, with characteristic superstition,

have the idea that it insures good luck to have a tank on board, and

will not go to sea without one. The number of specimens acquired in

this manner is at least fifty or sixty thousand, most of them belonging

to species unattainable. Each halibut vessel sets, twice daily, lines

from ten to fourteen miles in length, with hooks upon them six feet apart,

in water twelve hundred to eighteen hundred feet in depth; and the

quantity of living forms brought up in this manner, and which had never

hitherto been saved, is very astonishing. Over thirty species of fishes

have thus been added to the fauna of i^orth America, and Professor

Verrill informs me that the number of new and extralimital forms thus

placed upon the list of invertebrates cannot be less than fifty.

A permanent collector, Mr. Vinal I^. Edwards, has been employed at

Wood's Holl and vicinity since 1871, and many remarkable forms have

also been discovered by him.

No dredging has yet been attempted by the Commission south of Long

Island, though much has been done in shore work, especially among the

fishes, by special agents and friends of the Commission, and by parties

stationed here and there in the work of fish-culture. Mr. E. G. Black-
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ford, of Fulton Market, il^ew York, by carefully watching- the market

slabs, has added at least ten species of fishes to the fauna of the United

States. Mr. F. Mather is studying the fish of Long Island and the

sound. Dr. Yarrow, Mr. Earll, and others, have collected from Cape
May to Key West. The Gulf States' coast was explored last winter

by a party conducted by Mr. Silas Stearns, who spent nine months in

studying the subject relative to food and the census. The entire Pacific

coast has been scoured by Professor Jordan for the Commission and
the census, and the ichthyology of that region has been enriched by
the discovery of sixty species new to the fauna, forty of them being-

new to science. A similar investigation on the Great Lakes has been

carried over a period of several years by Mr. Milner and Mr. Kumlien.

The ichthyology of the rivers of the countrj^ has received much attention

from the many experts emjiloyed by the Commission in fishcultural work.

In addition to these local studies may be mentioned the general explo-

rations, such as are now being carried on for the oyster, by Mr. Ernest

Ingersoll and Mr. John F. Ryder, for the shad by Colonel McDonald, for

the smelt and the Atlantic salmon by Mr. C. G. Atkins, and the Quinnat

sahnon by Mr. Livingston Stone.

A partial indication of what has been accomplished may be found in

the number of species added to the various faunal lists. Take, for in-

stance, the cephalopod mollusks of New England. In Professor Ver-

rill's recently published monographs, twenty species are mentioned, thir-

teen of which are new to science. Ten years ago only three were known.

I am indebted to Professor Verrill for the following estimate of the

number of species added within the past ten years to the fauna of New
England, mainly by the agency of the Commission

:

Crustacea
Pycuogonida ..

Annelida
Vermes
Mollnsca
Echinodermata
Anthozoa
Tiinicata
Polyzoa
Bracliiopoda . .

.

Sponges
Acaleplite

Formerly
known.

105
5

67
39

317
47
20
26
56
5
10

102

800

Additions.
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A similar estimate for the fishes indicates the discovery of at least

one hundred species on the eastern Atlantic coast within ten years; half

of these are new to science. Forty species have been added to the

fauna north of Cape Cod ; sixteen of these are new and have been found

within three years ; seventeen have been described as new from the Gulf

of Mexi(X) ; sixty, and more, have been added upon the west coast. The

results of the summers' campaigns are worked in winter by the special-

ists of the National Museum, and under the direction of Professor Ver-

rill, in New Haven.

One of the important features of the work is the preparation of life

histories of the useful marine animals of the country, and great quanti-

ties of material have been accumulated relating to almost every species.

A portion of this has been published; more or less complete biographical

monographs having been printed on the blueflsh, the scup, the menhaden,

the salmon, and the whitefish, and others are nearly ready.

Another monograph which may be referred to in this connection is

that of Mr. Starbuck on the whale fishery, giving its history from the

earliest settlement of North America.

The temperature of the water in its relation to the movements of fish

has from the first received special attention. Observations are made

regularly during the summer work, and at the various hatching sta-

tio'ns. At the instance of the Commissioner, an extensive series of

observations have for several years been made under the direction of

'the Chief Signal Officer of the Army, at light-houses, light-ships, life-

saving and signal stations, carefully chosen, along the whole coast.

This year thirty or more fishing schooners and steamers are carrying

thermometers to record temperatures upon the fishing grounds, a jour-

nal of the movements of the fish being kept at the same time. One

practical result of the study of these observations has been the demon-

stration of the cause of the failure of the menhaden fisheries on the

coast of Maine in 1879—a tailure on account of which nearly li,000 per-

sons were thrown out of employment.

Another important series of investigations carried on by Commander

Beardslee, of the Navy, shows the error of the ordinary manner of

using the Casella ]\Iiner deep-sea thermometer; still another series

made by Dr. Kidder, of the Navy, and to be carried out in future, had

for its object the determination of the temperature of the blood of

marine animals.

Observations have also been made by Mr. Milner upon the influence

of a change from sea water into fresh water, and from fresh water into

sea water, upon the young of different fishes.

Mr. H. J. Ptice carried on a series of studies upon the eflect ot cold m

retarding the development- of incubating fish eggs.

A series of analyses has been made by Professar Atwater to deter-

mine the chemical composition and nutritive value of fish as compared

with other articles of iood. This investigation is still in progress.

S. Mis. 31 10
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In cormection with tlie work of fish cultiire, much attention has been

paid to embryology. The breeding times and habits of nearly all of

our fishes have been studied, and their relations to water temijeratures.

The embryological history of a number of species, such as the cod, shad,

alewife, salmon, smelt, Spanish mackerel, striped bass, white perch, and
the oyster, have been obtained, under the auspices of the Commission,

by Messrs. Brooks, Ryder, Schoeflt'er, Rice, and others.

The introduction of new species, in water in which they were pre-

viously unknown, is of special interest to the student of geographical

distribution. Through the agency of the Commission the German carp

has already been placed in nearly every State and Territory, although

the work of distribution has only just begun, and the tench {Tinea vul-

garis) and the golden orfe {Idus mclanotus) have been acclimated ; the

shad has been successfully planted in the Mississippi Valley and on the

coast of California, and the California salmon in the rivers of the

Atlantic slope. The maroena, or lake whitefish, of Europe, has been

introduced into a lake of Wisconsin. It is not my purpose to speak of

the great success in restocking with shad and salmon several rivers in

which the supply was almost exhausted, and in planting the Schoodic

salmon in numerous lakes. By an act of international courtesy, Cali-

fornia salmon have been successfully introduced into New Zealand and
Germany. The propagation work has increased in importance from

year to year, as may be seen by the constant increase in the amount of

the annual appropriation. A review of the results of the labors of the

Commission, in increasing the food supply of the country, may be found

in the annual reports ; the rude appliances of fish culture ten years ago

have given way to scientifically devised apparatus, by which millions

of eggs are hatched where thousands were, and the demonstration of

the possibility of stocking rivers and lakes to any desired extent has

been greatly strengthened. This work was for six years most efficiently

directed by the late Mr. James W. Milner, and is now in charge of

Maj. T. B. Ferguson, also commissioner for the State of Maryland, by
whom has been devised the machinery for propagation on a gigantic

scale, by the aid of steam, which is now so successfully in use, revolu-

tionizing the art of fish culture.

The investigation of the statistics and history of the fisheries has

perhaps assumed greater proportions than was at first contemplated.

One of the immediate causes of the establishment of the Commission was
the dissension between the line and net fishermen of Southern New
England with reference to laws for the protection of the deteriorating

fisheries of that region. The first work of Professor Baird, as Commis-
sioner, was to investigate the causes of this deterioration, and the report

of that year's work includes much statistical material. In the same
year a zoological and statistical survey of the Great Lakes was accom-

plished, and various circulars were sent out in contemplation of the

preparation of monographic reports upon the special branches of the

fisheries, some of which have already been j)ublished.
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In 1877, the Commissioner and his staff were sammoned to Hahfax to

serve as witnesses and experts before the Halifax Fishery Commission,

then charged with the settlement of the amount of compensation to be

paid by the United States for the i^rivilege of participating in the fish-

eries of the Provinces. The information at that time available concern-

ing the fisheries was found to be so slight and imperfect that a plan for

systematic investigation of the subject was arrauged and partially un-

dertaken. The work was carried on for two seasons with some financial

aid from the Department of State. In 1879 an arrangement was made
with the Superintendent of the Tenth Census, who agreed to bear a

part of the expense of carrying out the scheme in full. Some thirty

trained exjierts are now engaged in the preparation of a statistical rejiort

on the present state and the past history of the fisheries of the United

States. This will be finished next year, but the subject will hereafter

be continued in monographs upon separatebranches of the fisheries, such

as the halibut fishery, the mackerel fishery, the shad fishery, the cod

fishery, the herring fishery, the smelt fishery, and various others of less

importance.

Hundreds, and even thousands, of specimens of a single si^ecies are

often obtained. After those for the National Museum have been selected,

a great number of duplicates remain. These are identified, labeled,

and made into sets for exchange with other museums for distribution to

schools and small museums. This is in accordance with the time-hon-

ored usage of the Smithsonian Institution, and is regarded as an im-

portant branch of the work. Several specialists are employed solely

in making up these sets and in gathering material required for their

completion. Within three years fifty sets of fishes in alcohol, including

at least ten thousand specimens, have been sent out, and fifty sets of

invertebrates, embracing one hundred and seventy-five species and two

hundred and fifty thousand specimens. One hundred smaller sets of

representative forms intended for educational purposes, to be given to

schools and academies, are now being prepared.

The arrangement of the invertebrate duplicates is in the charge of

Mr. Eichard Rathbun ; of the fishes, in that of Dr. T. H. Beau.

Facilities have also been given to many institutions for making col-

lections on their own behalf.

Six annual reports have been published, with an aggregate of 5,650

pages. These cover the period from 1871 to 1878. Many papers relat-

ing to the work have been published elsewhere—particularly descrip-

tions of new species and results of special faunal exploration.

AN EPITOME OF THE HISTORY OF THE COMMISSION.

1871.—The Commissioner, with a party of zoologists, established the

first summer station at Wood's Holl, Mass., other assistants being en-

gaged in a similar work at Cape Hatteras and the Great Lakes. He

also personally investigated the alleged decrease of the fisheries in

southern Isi ew England, taking the testimony of numerous witnesses.
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1872.—This year the summer station was at Eastport, Me., particular

attention being j^aid. to the herring fisheries. The survey of the Great
Lalses was continued. Dredging, under the direction of Professor Pack-
ard, was begun on the off-shore banks. At the instance of the American
Fish Cultural Association, Congress requested the Commissioner to

take charge of the work of multiplying vahiable food fishes throughout
the country. Work was begun on the shad, salmon, and whitefish, and.

the eggs of the European salmon were imported.

1873.—The summer headquarters were fixed at Portland, Me. The
opportunities for research were greatly increased by the aid of the Sec-

retary of the Navy, who granted the use of an eighty-ton steamer.

Exj)lorations in the outer waters between Mount Desert and Cape
Cod were carried on in the United States Coast Survey steamer Bache.

Operations in fish culture were carried on upon an extensive scale.

1874-1875.—In 1874 the zoological work centered at Noank, Conn.

The attempt was made to introduce shad into Europe. In 1875 the

station was for a second time at Wood's HoU, where a permanent sea-

side laboratory, with aquaria, was now established. The number of

investigations this year was about twenty. The increase in the propa-

gation work was proportionately much larger.

1876.—This year the Commissioner was unable to take the field for

fishery investigations, having been instructed to exhibit, in connection

with the Philadelphia International Exhibition, the methods of fish

culture and the American fisheries. Much, however, was accomplished

by single investigators in various localities. The propagation work
continued. This year the first carp were introduced from Germany.

1877.—The field of investigation was resumed at Salem, Mass., and
later at Halifax, Xova Scotia. A large steamer of 300 tons made deep-

sea research possible. The Commissioner and his staff served as experts

before the Halifax Fishery Commission. The propagating work was

on the increase, and the government carp ponds were established in

Washington.

1878-1879.—In 1878 the summer station was at Gloucester, Mass. ; in

1879 at Provincetown. These centers of the fishing interests were se-

lected that more attention might be devoted to studying the history,

statistics and methods of the sea fisheries ; a plan for the systematic

investigation which seems yearly more necessary in view of the dissen-

sions between the governments of the United States and Great Britain.

In 1879 a combination was formed with the Superintendent of the Tenth

Census, by which the Commissioner was enabled to carry more rapidly

forward this branch of the work. Specialists were dispatched to all parts

of the country to study the biological, statistical, and j)ractical aspects of

the fisheries. In 1878 the breeding of cod and haddock was accom-
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plished at Gloucester. In 1879 the propagation of tbe oyster was

accomplished, by co-oi)eration with the Maryland Commission under the

direction of Major Ferguson, and the distribution of the carp through-

out the country was begun.

1880.—The summer station is at ^JsTewport, E. I. The Fish Haicl', a

steamer of 481 tons, constructed exjiressly for the work of the Commis-

sion, lies at the wharf, now equipped for scientific research, later to be

employed in the propagation of sea fish, such as the cod and the mack-

erel. Over fifty investigators are in the field in the service of the Com-

mission. The season was opened by the participation of the Commission

in the International Exhibition at Berlin. The first honor prize, the gift

of the Emperor of Germany, was awarded to Professor Baird, not alone

as an acknowledgment that the display of the United States was the

most perfect and most imposing, but as a personal tribute to one who,

in the words of the President of the Deutscher Fischerei Verein, is re-

garded in Europe as "the first fishculturist in the world."



SPECIAL REPORT OF THE EXECUTIVE COMMITTEE.

PKESENTED TO THE BOARD OF REGENTS DECEMBER 8, 1880.

To the Board of Regents of the Smithsonian Institution:

Gentlemen : The Board of Kegents lias been called to this special

meeting at the request of the Executive Committee to consider two sub-

jects of importance, requiring action before its regular annual session.

At the last session of Congress the following act was passed :

AN ACT for the erection of a brouze statue of Joseph Henry, late Secretary of the

Smithsonian Institution.

Be it enacted by the Senate and House of Representatives of the United, I

States of America in Congress assemhledj That the liegents of the Smith-

sonian Institution be, and are hereby, authorized to contract with W.
W. Story, sculptor, for a statue in bronze of Joseph Henry, late Secre-

tary of the Smithsonian Institution, to be erected upon the grounds of 1

said Institution, and for this purpose, and for the entire exijense of the

foundation and pedestal of the monument, the sum of fifteen thousand i

dollars is hereby ai^propriated out of any moneys in the Treasury not i

otherwise appropriated.

Approved June G, 1880.

(Forty-sixth Congress, second session, chapter 116.)

The Secretary of the Institution immediately informed Mr. Story of >i

this action of Congress, and requested his views on the subject and in-

1

formation as to his acceptance of the commission.

This corresi)ondence is as follows

:

"Smithsonian Institution,

"Washington, J). C, June 10, 1880. :

"Sir: a bill providing for the erection of a statue of Prof. Joseph Ii

Henry, late Secretary of the Smithsonian Institution, introduced by

Senator Morrill, has become a law. A copy of this is herewith inclosed.

"As you will see, its essential points are the provision for a bronze

statue of Professor Henry, to be placed in the Smithsonian grounds,

and that the total cost, including expenses for the pedestal, &c., shall !

not exceed $15,000.

\ "I beg to inquire whether you will accept the commission under

these conditions ; and jiresuming that you will, I forward herewith as

full a series of photographs of the illustrious deceased as can be sup- |

150

I
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plied by the Institution. This series includes those which in the opinion
of Professor Henry's family are most characteristic likenesses.

"I shall be pleased to have from you any communication on this sub-

ject, and, if possible, designs for the proposed statue and pedestal, for

communication to the Board of liegents at their next annual meeting
in January, 1881.

"As this Board is to decide upon the construction of the statue, it

will not be possible to give you hual authority in the matter until the
Board shall have taken action thereon.

" I am, meanwhile, very truly yours,

"SPE^^CER F. BAIRD,
''^ Secretary.

"W. W. Story, Esq.,

'''•American Sculptor^ Eome, Italy.

Letter of Mr. Story to Professor Baird.

" Venice, July 15, 18S0.

" Sir : I have just received your letter of June 10, informing me of the

bill lately passed by Congress, by which the liegents of the Smithsonian

Institution are authorized to contract with me for a statue in bronze of

the late Professor Uenry, for the sum of $15,000, including the founda-

tion and pedestal of the monument, and asking me whether I will accept

this commission.

"Mr. Senator Morrill had akeady communicated to me this entirely

unexpected and agreeable news. Until his communication Avas made,

I had no notion that it was intended to erect such a statue, but I most
willingly accept the commission, with hearty thanks to those friends

who, without any knowledge on my part, put forward my name as the

sculptor.

" My recollections of Professor Henry are in every way most pleasant.

He was very kind to me when I was last in Washington, and it will

give me pleasure to do all in my power to make a statue of him worthy

of his high distinction and his amiable character.

The i)hotographs which you have had the kindness to send have not

yet arrived, but I have little doubt that they will supply me with the neces-

sary material. As you say nothing of a mask in plaster from the face,

I supjjose none was taken. This 1 greatly regret, as it would furnish

me, in connection with the photographs, the absolute facts of the face,

as well as the character and expression. If such a mask Avas taken, or

anything was ever made of him containing the exact measures of his face

and features, I should be most glad to have them. If any bust was ever

made, however bad, it would be of use to me in determining points of

size and measurement. I hope, too, there may be among the i)hoto-

graphs some one or more in x)rofile^ or at least three-quarters face. Do
not in such case be prevented from sending them merely because they
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are bad in expression or otherwise. What I want is facts, and the more

I can have of these the better. They will not lead me astray as to ex-

pression. Small facts and details may be explained in one which are

not clearly determined in another, and enable me to make the head more

living and true.

" I regret to hear that no absolute action can be taken by the Board

before January 1, ISSl. This will greatly delay the execution of the

statue, to which I was intending to devote myself immediately on my
return to Eome in October or November, so as to be able to finish the

model this winter. But if all final arrangement is postponed until Jan-

uary before the absolute commission can be given and the contract

made, the winter will have passed, and the execution of the statue will,

I fear, be necessarily postponed for a year, as it is impossible for me to

remain in Eome and execute the model during the summer without very

great inconvenience and difficulty.

"You wish me to send you, if possible, designs for the proposed statue

and pedestal, for communication to the Board of Eegents at their an-

nual meeting in January, 1881. Of course I can do this, if they think it

advisable or necessary ; but I must frankly say—I hope they will excuse

me in so saying, as no kind of disrespect is intended, or want of confi-

dence in their taste and judgment—that I think, if they have any faith

in my ability, it would be better for them to leave the conception and

execution of the statue entirely to me. There is nothing so dangerous

as to interfere with an artist in his design, or to judge of it and criticise

it from a small model. The freer he is, the more responsible he feels,

and, if he has real ability, the less he is tampered with and directed, the

better his work will be. If he has not the requisite ability to do it by

himself, he should better not do it at all. No suggestions by any com-

mittee and no directions and alterations will ever make his work good.

My own experience has been that this divided responsibility and design-

ing has almost invariably resulted in dissatisfaction on both sides. The

artist can only do well with what is in his own mind, and not what is in

the mind of others, and my own judgment is that he does far better

when left to himself, always provided he has real capacity for his work.

If I may be allowed to allude to my own personal experience, I may add

that in the case of almost the only public portrait statue of mine in

America, the committee, composed of gentlemen of high taste and pre-

tension to artistic culture, after rejecting my own first sketch, and in-

sisting on my altering the attitude and arrangement to meet their views,

contrary to my notions, were finally jjersuaded, when the work was

completed and it was too late, that they had been entirely wrong in

dictating these changes, and regretted that they had interfered. Never-

theless they threw upon me the responsibility which belonged solely to

them. I made their statue and not mine, and they were disappointed,

as I foretold that they would be. But I do not need to speak of my
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own personal experience ; the exj)erience of all artists is the same on
this point.

" However, if despite this, the Board desires me to send them a sketch

I can do so ; but of coiirse, as I have stated, this will delay the statue

for a year, and I cannot see the advantage.

" In fact, I have already made a sketch of the statue since I received

Mr. Morrill's communication. But I doubt whether it would mean as

much to you and to the Board of Eegents as it does to me ; whether you

would rightly understand it in its roughness, and whether you would not

look for that finish which no free sketch ought to have, and rather look

to details than to matters and balance of composition, which are the all

in all of a sketch. I say this because I know one case where a sketch

was rejected because the likeness in the face was not striking, as if any

true artist would, in a mere sketch, attempt exact portraiture of the face.

It would be equally good as to composition and design with no face at

all, if it had the just movement.
" You say nothing as to details of the commission, or the size of the

statue, or the i)lace where it is to be erected, or its surroundings. Is it

to be in the open air, or under cover in the buildings ? Is its back-

ground trees, sky, or building ? All these are very important consider-

ations in view of its effect and of its size.

" I take it for granted that the pedestal is to be a simple one, and not

to have illustrative bas-reliefs or figures, inasmuch as the sum appro-

priated for the whole thing is less, or certainly not more, than what is

ordinarily paid for a statue alone without pedestal or founcUition. I

also suppose by the reading of the act of Congress that this sum is to

cover the cost of the statue and "the entire expense of the foundation

and pedestal," and this is all. It does not, as I understand it, include

boxing, transportation, insurance, and placing, as they are distinctly

not mentioned.
" Can you give me an estimate of the cost of making the foundation,

and approximate price of a simple pedestal executed in Washington, in

marble or red granite, or stone of any appropriate kind ? This would

guide me in determining where I should make the pedestal, whether

here or in Washington, and of what material.

"As to the sum of $15,000 appropriated by Congress, does interest run

upon it from the date of the enactment f In regard to payment I sup-

pose you are aware that the ordinary rule is to advance to the artist

one-half the sum when the commission is given, or the work commenced,

to enable him to meet the necessary outlay and expenses, without re-

course to his own pocket.

" I mention all these particulars in order to avoid all misunderstanding.

" I again recur to the question of time, and I earnestly hope that it will

be possible for the Board of llegents to arrange definitely this whole mat-

ter at a much earlier period than that mentioned in your letter, viz:

January 1, 1881, as it will involve the loss of a year. If I could have



154 SPECIAL REPORT OF THE EXECUTIVE COMMITTEE.

the commission and authorization to commence the work by the 1st of

October or ISTovembcr, I could finish the model by the spring and imme-

diately arrange for its casting in bronze during the summer so as to

have it read}' to send to Washington by the 1st of October following

(1881).

" 1 suppose that the Board of Eegeuts is equally interested with myself

in desiring the statue to be finished as soon as possible, and if they will

defiuitely authorize me to begin the model by the 1st of November, I

can promise, unless some unibrseen accident occurs, to finish it in bronze

by the 1st of January, 1882 ; otherwise I fear we shall have to put it

forward to January, 1883.

" If the Board of Regents have faith in my ability and will trust me to

follow out my own ideas in this statue, I will pledge myself to do my
best to satisfy myself and them, and to spare no pains to give them a

statue worthy of the subject, worthy of the place, and satisfactory to

the family, friends, and admirers of Professor Henry.
" You must not expect too much. The male costume of the x)resent

day is crude, graceless, and thoroughly unsculptural. But I will do

what I can to hide its awkwardness and ugliness without falsifying

truth and fact, and endeavor to render the statue serious and dignified

and natural. I suppose that Professor Henry had no academic costume,

and that there is no peculiar professional dress in which he could be

represented. If there be, and the Board of Eegeuts is willing that I

should clothe the statue in such a dress, I should most gladly do it.

Then I should be able to drape him in some way at once dignified and

true to fact. The academic costume could be treated so as to make an

imposing statue. In such case, would you have the kindness to forward

to me the dress, that I may use it to model from ? The silk academic

robes would be admirable and advisable, but I scarcely dare to hope

that he wore one, or that I may use it. What did he wear? If this

academic dress is out of the question, what may I represent him in?

Did he wear a cloak ?

" The sketch I have made representshim as in a buttoned frock-coat,

over which is a loose open sack ; it is in the attitude of meditation ;
his

head bent slightly forwards, looking down, one hand resting on a desk

or stand at his side, by which to break the horrible uniformity of the two »

legs of pantaloons, and give breadth and dignity to the base, and one '

hand across the breast midway, at the place of the upper button of the

buttoned coat; on the stand are books on which his left hand is placed.

On the whole, those who have seen it, think it simple, dignified, and

thoughtful. If it is to be made in coat and trousers, I doubt if I could

do better, but I shall think it over and make other sketches.

" Will you be kind enough to send me any memoir that may exist of f

Professor Henry, so that I may have a more thorough knowledge of his ;<

j

character and services and labors than I now have. I beg you not to
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forget this, as it will greatly assistme in determining the exact character

to be given to the statue.

"I have written you a very long letter in the hope of clearing the way
of all obstacles, and of letting you understand exactly what my views

and wishes are.

"Yours, faithfully,

"W. W. STORY."

During the recess of Congress it was found impracticable to call a

meeting of the Eegents, but their views were asked individually by the

Secretary as to the power of the Executive Committee to make a formal

contract with the artist and enable him to go on with the work.

The opinion of the majority was that this power could be exercised

by the Executive Committee. A meeting was therefore called of this

Committee on the 13th of November, 1880, when the subject was fully

considered and the following action taken

:

^^ Resolved, That the Secretary of the Smithsonian Institution inform

Mr. Story that the Executive Committee authorize him to proceed in

the execution of the bronze statue ordered by Congress June 1, 1880,

according to his own plan and designs, but that this Committee is not

empowered to make a formal contract for this purpose, although war-

ranted in such action by the individual expressions of Eegents as con-

tained in letters received by the Secretary.

'•''Resolved, That a special meeting of the Regents be called on the 8th

of December, 1880, to consider the subject, and if the action of the Ex-

ecutive Committee is not confirmed, a cable message be immediately

sent to Mr. Story, and, if approved, a contract in due form be made out

and transmitted to him."

This action of the Committee was communicated to Mr. Story by the

Secretary on the 13th of l^ovember.

Another subject demanding the consideration of the Board has been

presented to the Executive Committee.

A committee of citizens of Washington having presented a request

for the use of the new National Museum building for a reception to the

President of the United States elect, on the 4th of March next, after a

full consideration of the subject, in view of the fact that the building is

unfinished and not yet occupied as a Museum, and that such a contin-

gency would not again occur and would not therefore furnish a prece-

dent ; in view also of the fact that the expense of erecting a suitable

building would be very great and unnecessary, and, moreover, that the

President elect is and has been for many years a member of the Board

of Eegents, whose aid and influence contributed materially to the erec-

tion of the new Museum, the Committee adopted the following

:

" Whereas an application has been received from a committee of citi-

zens for the use of the unfinished budding of the National Museum, for
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the purpose of a public reception to the President elect, Hon. James A.

Garfield, on the evening of the 4th of March next ; therefore,

'•'• Resolved., That the Executive Committee submit this application to

the Board of Regents at its next meeting, with its approval and with

the recommendation that the request be granted."
,

The Committee furthiermore make the following statement

:

The new National ]\Iuseum building has been substantially com-

pleted and made ready for occupancy within the appropriations by Con-

gress. A detailed account of the history of operations of its construc-

tion will be presented at the annual meeting of the Board in January

next.

The Building Commission has refrained from completing the floors of

the rotunda and large halls or naves according to the original plans,

which provided only for concrete and cement, on account of the remon-

strances of prominent members of Congress, who urged that such floors

were unsuitable to, and unworthy of, so fine a building, and their assur-

ances that appropriations would doubtless be made at the approaching

session of Congress for marble or tile floors for these halls.

The Committee report that provision has been made so that the floors

of the rotunda and four naves leading to the main entrance of the build-

ing may be laid in marble or tile instead of cement, and that if an ap-

propriation of $25,000 be made immediately, the building will be ready

for the reception of the President on the 4th of March next, fully adapted

and provided with heat, light, and all the facilities required for the oc-

casion.

In conclusion, the Committee respectfully submit the following reso-

lutions to the Board for adoi)tion :

^^ Resolved, That the Chancellor and Secretary of the Smithsonian In-

stitute execute a contract with Mr. W. W. Story, of Eome, for the statue

in bronze of the late Prof. Joseph Henry, authorized by the act of

Congress of June 1, 1880, with the provision for payment of the sum of

$3,750 to Mr. Story on completion of his design for the statue ; the sum
of $3,750 on completion of the model in clay ; the sum of $3,750 on com-

pletion of the statue in bronze ; and the sum of $3,750 on delivery and

erection of the statue with its pedestal in the city of Washington, on

the grounds of the Smithsonian Institution, and furthermore that Mr.

Story shall cause the said statue to be insured for the amount of the ad-

vance payments to him, against perils by land or by sea, which insur-

ance shall, in case of loss, be paid to the Smithsonian Institution for the

benefit of the United States.

'•'Resolved, That for the purpose of substituting a marble or tile floor-

ing, instead of concrete, as originally designed, for the large halls in the

National Museum, an appropriation of twenty-five thousand dollars be

requested of Congress, to be expended according to the plans and under

the direction of the building commission of the Board of Eegents of the
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Smitlisoniau Institution, under whose super\ision tlie Museum lias been
erected.

'^Resolved, That the use of the new National Museum building be
granted for the inaugural reception of the President of the United States
on the 4th of March, 1881, and^ that the Secretary be authorized to
make all necessary arrangements for this purpose."

Eespectfully submitted.

PETER PAEKER,
w. T. sherma:n^,

Executive Committee.
Washington, 8th December, 1880.



REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF

REGENTS OF THE SMlTHSOiNIAN INSTITUTION FOR THE

YEAR 1880.

The Executive Committee of tlie Board of Eegents of tlie Smitlisonian

Institution respectfully submit tlie following report in relation to the

funds of the Institution, the appropriations by Congress for the National

Museum and other purposes, the receipts and expenditures for both

the Institution and the Museum for 1880, and the estimates for the

year 1881.

Condition of tliefunds January 1, 1881.

The amount originally received as the bequest

of James Smithson, of England, deposited

in the Treasury of the United States, in

accordance with the act of Congress of

August 10, 1846 ^515, 169 00

The residuary legacy of Smithson, received

in 1865, added to the fund, by authority of

Congress, February 8, 1867 26, 210 63

Amount added to the fund, derived from sav-

ings, «&c., by authority of Congress, Febru-

ary 8, 1867 108,620 37
' ' $650, 000 GO

Amount added to the fund from the bequest

of James Hamilton, of Pennsylvania, 1874. 1, 000 00

Amount added to the fund from the bequest

of Dr. Simeon Habel, 1880 500 00-

1, 500 00

Total permanent Smithson fund in tlie Treasury of the

United States bearing interest at 6 per cent., payable

semi-annually ;
- 651,500 00

In addition to the above the Institution has invested m
Yirainia bonds and certificates $88,125.20, valued Janu-

ary 1, 1881, at > 47,000 00

Also the cash balance in the United States Treasurer's

hands January 1,1881 - 20,93452

Total Smithson funds January 1, 1881 $719, 434 52

158 .
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The following- is a statement of the receipts and expenditures for the
year 1880

:

RECEIPTS.

Interest on $GoO,000 for the year 1880, at G per cent $30, 000 00

Interest on Virginia bonds, sale of coupons })y Higgs & Co.

for January 1 and July 1, ISSO, for •'1^3,5213 (I^^ovember,

27, 1880), less commission 3, 230 70

Interest on Hamilton fund of $1,000 for the year 1880 GO 00

Interest on the Habel fund of $oOO from March 15, 1880, to

December 31, 1880 . 23 88

12,323 64

Balance on hand at the beginning of 1880 20, 894 OG

Total for 1880 G3, 217 70

EXrENDITURES.
Buildings

:

Eepairs and improvements $1, 722 71

Furniture and lixtures , 360 15

General expenses

:

Meetings of the Board
Lighting the building

Heating the building

Postage and telegrai)hing

Stationery

Incidentals, blanks, hauling, &c
Salaries . : , 12, 700 00

Extra clerk hire and labor 295 00

Books and periodicals 889 71

327
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VIRGINIA STOCK.

The Institution owns the following bonds and certificates

:

Consolidated bonds

:

58 bonds, Nos. 11521 to 11578 inclusive, for $1,000

each $58,000 00

1 bond, ^o. 1380, for 500 00

2 bonds, Nos. 4191 and 4192, for $100 each .... 200 00—: $58, 700 00

These are deposited with the Treasurer of the United

States.

Deferred certificates

:

1 certificate, No. 4543 29, 375 07

1 certificate, No. 2969 50 13

29, 425 20

These are deposited with Eiggs & Co.

Total i>ar value of Virginia securities 88, 125 20

The estimated value of which by «Riggs & Co. January 1,

1881, is 47, 000 00

The coupons on the consolidated bonds are receivable for taxes in

Virginia, and were sold for the Institution by Eiggs & Co. November 27,

1880, viz, $3,522 at an average of 92, yielding $3,239.76. (See Eeceipts.)

It is gratifying to notice the improvement of the Virginia securities,

the increased value of those held by the Institution being $15,910 since

the report of the committee last year.

HAMILTON BEQUEST.

The Institution derived from the bequest of James Hamilton, of Car-

lisle, Pa., February 24, 1874, one thousand dollars, the interest on which

is to be appropriated biennially for the promotion of science. The jirin-

cipal is deposited in the Treasury of the United States as an addition to

the permanent Smithson fund. The interest received on this fund dur-

ing 1880,''was $60.

HABEL BEQUEST.

Among the receipts for the year 1879 was a bequest of $402.59, by
Dr. Simeon Habel, of New York. With the sanction of the Executive

Committee, the Secretary added to this sum $97.41 from the annual in-

come of the Institution to increase it to $500, and this was deposited in

the United States Treasury as a part of the Smithson fund, to be known
as the Habel bequest. This deposit was made on the 15th of March,

1880, the interest on which to the end of the year was $23.88, as specified

in the receipts.
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ESTIMATES FOR 1881.

The foUowiug are the estimates of receipts by the Institution for the

year 1881, and of the expenditures required for carrying on its operations

during the same period :

RECEIPTS.

Interest on the permanent Smithson fund re-

ceivable July 1, 1881, and January 1, 1882. . $39, 000 00

Interest on the Hamilton fund 60 00

Interest on the Habel fund 30 00

Sale of Virginia coui^ous, due January 1 and

July 1,1881 \ 3,000 00

$12,090 00

EXPENDITURES.

For building $2, 000 00

For salaries 12, 700 00

For general expenses other than salaries 1, 300 00

For j)ublications and researches 14, 000 00

For exchanges - 10, 000 00

For books and apparatus 1, 000 00

For contingencies 1, 090 00

$42,090 00

NATIONAL MUSEUM AND OBJECTS COMMITTED BY CONGRESS TO THE
SMITHSONIAN.

The following appropriations were made by Congress in 1880, for dis-

bursal under the direction of the Smithsonian Institution

:

PreservatUm of collections, SmitJisonum Institution : " For
preservation and care of the collections of the surveying

and exploring expeditions of the government and the ob-

jects presented to the United States at the International

Exposition of 1870." (Forty-sixth Congress, second ses-

sion, chapter 235; 1880) $45, 000 00

Balance available January 1, 1881, $23,273.17.

Preservation of collections, Smithsonian Ifistitution—Armory
Building : " For expense of watching, care, and storage

of articles belonging to the United States, including those

transferred from the International Exhibition of 1876,

and for transfer to the new National Museum." (Forty-

sixth Congress, second session, chapter 235 ; 1880) 2, 500 00

Balance available, $1,366.05.

S. Mis. 31 11
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For furniture and fixtures, National Museum : "For cases,

furniture, and fixtures for the reception, care, and exhibi-

tion of the collections of geology, mineralogj', ethnology,

technology, and natural history, presented to the govern-

ment by foreign nations." (Forty-sixth Congress, second

session, chapter 235 ; 1880) $50, 000 00

Balance available, $44,251.07.

" For a steam-heating apparatus and for fuel : to be im-

mediately available." (Forty-sixth Congress, second ses-

sion, chapter 235 ; 1880) 25, 000 00

" For water, gas fixtures, and electrical aj)paratus, to be

immediately available." (Forty-sixth Congress, second

session, chapter 235 ; 1880) 12, 500 00

Balance available, $5,050.33.

"For construction of relieving sewer, with the necessary

manholes and traps from the new National Museum
building to the Seventh street sewer." (Forty-sixth

Congress, second session, chapter 235; 1880) 1, 000 00

i^o portion exijended,

"For the puri^ose of continuing ethnologic researches

among the North American Indians under the direction

of the Secretary of the Smithsonian Institution." (Forty-

sixth Congress, second session, chapter 235 ; 1880) 20, 000 00

Balance available, $7,308.32.

"For completing the preparation, with the necessary illus-

trations, of the report of Dr. Emil Bessels, of the scien-

tific results of the xVrctic expedition under the late Capt.

C. F. Hall, to be expended under the control of the Smith-

sonian Institution." (Forty-sixth Congress, second ses-

sion, chapter 234; 1880) 8, 000 00

Balance available, $6,183.66.

CONCLrSION.

The Executive Committee has examined 682 vouchers for payments

made from the Smithson income during the year 1880, and 791 vouchers

for payments made from appropriations by Congress for the National

Museum; making a total of 1,473 vouchers. All these bear the approval

of the Secretary of the Institution and a certificate that the materials

and services charged were aj)plied to the purposes of the Institution or

the Museum.
The Committee has examined the account-books of the National

Museum, and find the balances remaining on hand as before stated, viz:

"Preservation of collections," $23,273.17 ; "Armory building," $1,366.59

;

"Furniture and fixtures," $44,251.07, to correspond with the certificate

of the disbursing clerk of the Department of the Interior, and the bal-

ance for "fire-proof building for National Museum," $5,050.33, "Polaris
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report," $6,183.GG, to correspond with the certificates of the disbui-siug

officer of the Treasury Department.

The quarterly accounts-current, bank-book, check-book, and journals

have likewise been examined and found to be correct.

The balance to the credit of the Institution proper, on the 1st of Jan-

uary, 1881, in the hands of the Treasurer of the United States, available

for the current operations of the Institution, is $20,934.52.

Eespectfully submitted.
PETER PARKER,
W. T. SHERMAN,
JOHN MACLEAN,

Executive Committee, Smithsonian Institution.

Washington, January 18, 1881.



JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS OF

THE SMITHSONIAN INSTITUTION.

WASHiNaTON, December 8, 1880.

A meeting of tlie Board of Eegents of the Smitlispnian Institution was

held this day at 10.30 o'clock in the Regents' room of the Institution.

Present: The Chancellor, Chief Justice Waite; Hon. W. A. Wheeler,

Vice-President of the United States; Hon. H. Hamlin, Hon. E. E.

Withers, Hon. N. Booth, Hon. H. Clymer, Hon. Joseph E. Johnston,

Hon. Peter Parker, General William T. Sherman, Prof. H. Coppee, and

Professor Baird, Secretary.

The Chancellor stated that this was a special meeting of the Board

called at the request of the Executive Committee. A report of this

committee was presented by the chairman, Dr. Parker.

After a full discussion of the subjects presented in the report, the

following* resolutions were unanimously adoi)ted.

(In reference to the statue of Professor Henry.)

Resolved, That the Chancellor and Secretary of the Smithsonian In-

stitution execute a contract with Mr. W. W. Story, of Rome, for the

statue in bronze of the late Prof. Joseph Henry, authorized by the act

of Congress of June, 1, 1880, with the provisions for payment of the

sum of $3,750 to Mr. Story on completion of his desigu for the statue

;

the sum of $3,750 on completion of the model in clay ; the sum of $3,750

on completion of the statue in bronze; and the sum of $3,750 on deliv-

ery and erection of the statue with its pedestal in the city of Washing-

ton, on the site to be selected by the Executive Committee ; and fur-

thermore that Mr. Story shall cause the said statue to be insured for

the amount of the advance payments to him against ijerils by laud or

by sea, which insurance shall, in case of loss, be paid to the Smith-

sonian Institution, for the benefit of the United States.

(In reference to the new Museum building.)

Besolved, That for the i)urj)ose of substituting a marble or tile floor-

ing instead of concreite as originally designed for the large halls in the

National Museum, an appropriation of $25,000 be requested of Congress,

to be expended according to the plans and under the direction of the

Building Commission of the Board of Regents of the Smithsonian In-

stitution, under whose supervision the Museum has been constructed.

(In reference to the use of the new Museum for the inaugural recep-

tion.)

Whereas the new Museum building is unfinished and not ready for

occupancy for the government collections, and such a contingency will

164
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not again occur, and that no precedent is to be given for tlie use of the

buihling for other j)urx)Oses :

Resolved^ That the use of the new National Museum building be

granted for the inaugural reception of the President of the United

States, on the 4th of March, 1881, and that the Secretary of the Smith-

sonian Institution be authorized to make all necessary arrangements

for this purpose.

The Board then adjourned, at 12:30 p. m.

Washington, January 19, 1881.

In accordance with a resolution of the Board of Eegents of the Smith-

sonian Institution hxing the time of the beginning of the annual session

on the third Wednesday in January of each year, the Board met to-day

at 10:30 o'cloclf, A. m.

Present: The Chancellor, Chief Justice M. R. Waite; the Vice-Presi-

dent of the United States, Hon. W. A. Wheeler ; Hon. E. E. Withers,

Hon. H. Clymer, General W. T. Sherman, Hon. Peter Parker, Rev. Dr.

John Maclean, Dr. Henry Coppee, Dr. Xoah Porter, and the Secretary,

Professor Baird.

Excuses for absence on account of sickness were received from Hon.

Hannibal Hamlin and Hon. IsTewton Booth. The minutes of the last

meeting were read and api)roved. The Secretary i)resented a statement

of the finances of the Institution.

Dr. Parker, Chairman of the Executive Committee, presented the an-

nual report of the Committee, which was read.

On motion of Dr. Porter the following resolutions were adopted:

Resolved, That the report of the Executive Committee for 1880 be ac-

cepted.

Resolved, That the income for the year 1881 be appropriated for the

service of the Institution upon the basis of the above report, to be ex-

pended by the Secretary with full discretion as to the items, subject to

the approval of the Executive Committee.

General Sherman, Chairman of the National Museum Building Com-

mission, presented a report of the operations of the Commission and of

the Architects for the year 1880, which were read, and, on motion of Mr.

Clymer, accepted.

The Secretary stated that he had been informed by the American

Consul at Genoa, Italy, that the corner-posts of the railing around the

tomb of James Smithson required resetting and the fence straightening,

and he asked authority to have this done.

On motion of General Sherman it was
Resolved, That suitable measures be taken by the Secretary for the

repair and preservation of the tomb of Smithson and its inclosure.

The Secretary presented his annual report of the operations, expendi-

tures, and condition of the Institution for the year 1880, which was read

in part.
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On motion of General Sherman it was

Resolved, That the annual report of the Secretary be accepted and

transmitted to Congress.

Dr. Coppee offered the following resolution, which was adopted.

Resolved, That the thanks of the Board of Eegents are due and are

hereby presented to Mr. William J. Rhees, the Chief Clerk of the Insti-

tution, for the excellent, accurate, and interesting manner in which,

under the direction of the Secretary, he has collated and edited the

volumes entitled, respectively,

1. "The Smithsonian Institution; documents relative to its origin and
history."

2. "Journals of the Board of Eegents, reports of Committees, Statis-

tics, i&C."

3. "The Scientific Writings of James Smithson." *

4. "James Smithson and his bequest."

Hon. Mr. Withers made a statement, by request, in regard to the Vir-

ginia securities, and on motion of Mr. Clymer it was
Resolved, That the Executive Committee may at their discretion

dispose of the Virginia securities owned by the Institution, to wit : 58

consolidated bonds, Nos. 11521 to 11578, inclusive, for $1,000 each ; 1

consolidated bond, ISo. 1380, for $500 j 2 consolidated bonds, Kos. 4191

and 4192, for $100 each; 1 deferred certificate, No. 4543, dated July 1,

1871, for $29,375.07, and 1 fractional certificate, Xo. 2969, dated July 1,

1871, for $50.13, and deposit the proceeds in the Treasury of the United

States as a part of the permanent fund, as authorized by the act of Con-

gress of February 8, 1867.

Resolved, That Spencer F. Baird, Secretary of the Smithsonian Insti-

tution, be, and he is hereby, authorized, in person or by attorney, to

transfer to any person or persons the certificates of debt of the State of

Virginia now standing in the name of the Eegents of the Smithsonian

Institution, to wit: Deferred certificate, !N"o. 4543, dated July 1, 1871,

for $29,375.07, and fractional certificate, No. 2969, dated July 1, 1871,

for $50.13.

The Secretary stated that several applications had been received for

the use of the new Museum after the inauguration of the President on

the 4th of March next, which had been referred to the Executive Com-
mittee.

The point of order was raised that the applications could not be

entertained, the Board having already decided that the use of the build-

ing was to be granted only for the inaugural reception of President

Garfield.

The point of order was sustained by the Chancellor.

The Board adjourned at 12:30 p. m., sine die.
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FOR 1880.

Washington, D. C, January 15, 1881.

To the Board of Regents of the Smithsonian Institution :

GentlejMEN : At your annual meeting on the lOtli of last January,

the National Museum Building Commission submitted a report of opera-

tions in conuection with the new building for the E'ational Museum, from

their inception to the close of 1879.

In that report attention was called to the necessity for increased

accommodations for the national collections in charge of the Smithsonian

Institution; to the endeavors of yol^r Board ih previous years to obtain

from Congress "an appropriation for the same, and to their final success

in 1879 in securing an appropriation of $250,000 for the purpose.

Mention was also made that the Executive Committee of the Board of

Eegents and the Secretary of the Institution, who are charged by resolu-

tion of the Board of January 17, 1879, with the duty of " carrying into

efiect the provisions o'f ahy act of Congress that might (may) be passed

providing for the erection of a building for the J^ational Museum," had

organized under the title of "National Museum Building Commission."

Also, you were informed of the action of the Commission in early

adopting such measures as appeared to it best calculated to realize with

the least possible delay the intention of Congress in making provision

for a new building; of the employment of Messrs. Cluss & Schulze as

superintending architects; of the acceptance by General Meigs of the

invitation of the Commission to act as its consulting engineer; and of

the opinions of Mr. Edward Clark, Architect of the Capitol, and General

Meigs as to the sufficiency of the appropriation for the erection of a

building in accordance with the plans approved by Congress. Eeference

was also made to the action of the Secretary of the Treasury in detailing

an officer of the Treasury Department to disburse the appropriation, by

which action the fund was made immediately available. In addition, a

resume was presented of the active operations in the construction of the

building whereby you were made aware that ground was broken on the

17th of April, 1879 ; that the concrete foundations were begun April 29;

that the brick work of the walls was commenced May 21, and that the

walls were completed on the 1st day of November.

Moreover, mention was made of the good fortune of the Commission

in securing exceedingly favorable contracts, especially for the brick and

iron work, previous to the early subsequent rapid advance in the prices
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of iron acd other building materials ; of tlie fact that the cost of the

heating apparatus was not included in the estimate of $250,000, and that

therefore an appropriation of $25,000 for this item had been asked of

Congress ; and, finally, of the then pending efforts of the Commission to

settle the question of material for the cases, whether this should be wood
or iron.

Besides information upon the points above specified, an appended re-

port of the architects presented an interesting technical and descriptive

record of the plan and design of the building and a detailed exhibit of

the expenditures on account of construction to the close of the year 1879.

In the present report, therefore, it is only necessary for the Commis-

sion to review the operations of the year just ended.

The iron work of the roofs was satisfactorily completed by the latter

part of March, and the tin work and slating early in ApriK

The plastering, which was done partly by day's work and j^artly under

contract, was begun early in March and finished by the latter part of

July. The plaster of the siate roofs is laid directly on the slate, and that

of the low, flat roofs on gratings fastened between the iron girders of the

roof and rendered fire-proof by a filling of mortar composed of plaster

of Paris and ashes—a form of ceiling suggested by General Meigs.

The painting and glazing has been satisfactorily done. In the inter-

est of economy in heating, it was decided to put both an inner and an

outer glass in the sash of all outside windows.

The sujiply-piiies for water and gas were laid by the close of February

and the work duly inspected and approved.

The wood floors have all been put down, excepting iu the four square

halls. In the four main halls, or naves, and in the rotunda of the dome
it was originally intended to lay concrete, but owing to urgent remon-

strances against the use of this material as not being in keeping with

the architectural beauty and design of the building, Congress has been

asked for an appropriation of $25,000 to defray the expense of a marble

or tile floor for these halls. The request for this appropriation was in

accordance with a resolution of the Board of Regents of December 9th,

1880.

The heating apparatus is also in, and, with the exception of bronzing

a number of the radiators, Messrs. Baker, Smith & Co. have completed

their contract for this work. During the recent severe weather the ap-

paratus was subjected to a test more severe than will be likely to occur

again for a number of years, and it is a matter of congratulation to the

Commission, as well as to the contractors, that the work gives entire

satisfaction.

A most economical arrangement connected with this heating appa-

ratus is that of two automatic traps whereby the condensed steam is

again brought to the boilers. "While by this arrangement both time and

fuel for heating fresh water are saved, the fear of a lack of supply of
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water to the boilers is eliminated, that originally used sufficing for at

least seven days.

The work of putting in the wires for the burglar-alarm telegraph,

telephone, and electric clocks and call-bells, which was begun in the sum-

mer, is now nearly finished. These wires, which are run through uuder-

ground trenches, either specially constructed for the purpose or for heat-

ing-pipes, Avill extend from a room in one of the north towers to each

window, door, and case in the entire building, and also to the i)olice and
fire-alarm telegraphs. This electrical arrangement will constitute a val-

uable feature in the economy of administration of a structure so immense

as, and of the peculiar construction of, the new Museum building, since

it will lessen the necessity for a large corps of watchmen and attendants,

the locality of any attemiDt on the part of designing jiersons to open a

window, door, or case being at once automatically indicated in the cen-

tral office, or instrument room, where a watchman will be on duty at all

hours.

As the original estimates uj^on which the appropriation of $250,000

was based did not include a provision for the expanded system of water

and gas fixtures and electrical apparatus, an approj^riation of $12,500

was requested therefor and readily secured.

In addition to the above, an appropriation of $1,000 * was secured for

a sewer to connect with the B street sewer to relieve the building from

water, which, on account of the inadequacy of the Seventh street sewer,

during heavy rains, backs up in the pipes and floods the cellars. This

relieving sewer will be constructed under the supervision of the engi-

neer of the District of Columbia, Lieutenant Hoxie.

For fuller information, however, the Board is respectfully referred to

the appended report of the superintending architects, which also presents

a detailed exhibit of expenditures.

During the year past the Commission has met as often as was deemed

necessary. General Meigs, as consulting engineer, has generally been

present at the sessions of the Commission, while, as during the previous

year, his visits to the new building have been frequent and his inspec-

tion of the work close and critical.

In closing this report the Commission is happy to state that the build-

ing, with the erection of which it was charged, is substantially finished,

and that it hopes at the next annual session of the Board to be able to

congratulate the Eegents on its entire completion and occupation.

Respectfullj^ submitted.

W. T. SHERMAN^,
PETER PARKER,
SPENCER F. BAIRD,

National Museum Building Commission.

Washington, January 18, 1881.

* This has been increased to $il,900 in accordance with the revised estimates of the

engineer of the District.
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REPOET OF THE SUPERINTENDING ARCHITECTS OF FIRE-
PROOF BUILDING FOR NATIONAL MUSEUM, 1880.

Washington, D. C, January 1, 1881.

To the National Museum Building Commission^ Smithsonian Institution,

WasJdngton, D. C. :

Gentlemen : We have the honor to report to you the completion of

the new building under the appropriations available for the purpose,

and simultaneously to submit a report of operations on the construction

of the building since January 1, 1880, the date of our last report.

The progress of the work was such that the plastering of the building

could be commenced as soon as the state of the weather permitted it,

in the early part of the spring. It was completed by the middle of

August, and, after this, miscellaneous work for finishing, such as iron

balconies, railings, and stairways, were put up, all the offices were

floored and put in readiness for occupation, the cellars were laid with

asphaltic concrete, the wooden floors of all the outside halls were laid

upon a solid bed of hydraulic cement-concrete, and a concrete base was
laid for the floors of the main and square halls. All the numerous de-

tails of the steam-heating apparatus were attended to so that steam

could be put on with the advent of the cold weather; and though the

heavy walls and piers were considerably chilled by long-continued ex-

posure during the early fall and the excessive moisture in the unfinished

building, a comfortable heat was obtained within a few days and was
maintained during the coldest days of this unusually severe winter, no

more than a reasonable amount of fnel being used for heating the vast

space of about 3,500,000 cubic feet inclosed within the walls and roofs

of the building.

The asphalt facing of the floors of the main halls and rotunda, as in-

tended under the estimates, has not been put on, since with hardly any

difference of opinion it was held that nothing less than a chaste tiling

would do justice to the building, and i)rovision ought to be made for

this without delay. On the other band, much more than an equivalent

of the cost of this surfacing has been spent on work not included in the

estimates, but deemed more important for the opening of the building

at as early a date as possible.

The approaches to the building, for which always a separate estimate

is brought before Congress, have been mostly finished under the orig-

inal appropriation. We may be allowed to state a few of the items not

originally contemplated, but included in the construction accounts, to

wit

:

The windows in exposed walls were set with two sheets of

glass for each pane, and an improved skylight for photo-

grapher was put up at a cost of $1, 965 00

Three more cellars than originally contemplated were con-

structed, and annexes to the corner-pavilions, involving
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expensive fire-proof floors, were fitted up, the lofts in the

corner-pavilions were converted into additional finished

stories at a cost of. $4, 500 00

The covered spaces in front of and sheltering the four main

entrance doors were inclosed by ornamental iron gates

at a cost of 1, 804 08

All the brick work of the extensive facades was oiled and
penciled at a cost of 2, 750 00

Terraces were formed to regulate the grades of the ground

around the building at a cost of 2, 428 00

There was expended for cut stone on the approaches to the

main entrance 1, 286 00

Total $14,733 08

The conditions imposed upon us to keep within the appropriations

have been complied with in good faith. A substantial fire-proof build-

ing has been comiileted at a less cost per square foot of the inclosed

area than that of the temporary buildings erected for the International

Exhibition in Philadelphia in 187C.

The principle adopted to have all the windows in side walls and lan-

terns glazed with two sheets of glass, having an intermediate air-space,

has led to favorable results, and it is desirable to extend the same feature

over the under sides of the roofs in the halls by the introduction of light

'iron ceilings about 1^ inches distant from those plastered undersides

;

the intermediate air-space in this case to be packed with a non-conduct-

ing fire-proof material, such as mineral-wool or its equivalent. This

will secure for the building a very pleasant temperature in summer,

reduce the expense of heating the huge building in winter, and remove

any tendency towards condensation on those exposed undersides during

the rapid changes of temperature and hygrometric condition of the

atmosphere peculiar to this climate and locality.

Having given a technical description of the design and construction

of the new building in our last report, we now report specially on the

theory, practice, and results of warming the building. In consideration

of the great cubic contents of air inclosed in the building, and the com-

paratively very few sources of vitiation of the same, the system of heat-

ing by direct radiation has been adopted. For winter ventilation the

spires of eight towers and the lanterns of halls and dome are made
available whenever necessary, and for summer ventilation a sufficient

number of imi)roved iron sashes pivoting in iron frames have been

added and inserted in the windows of the side walls and the lanterns of

the building.

The heating coils and radiators are placed in the rooms to be warmed
and heat the air by contact with the radiators ; the surrounding walls

and solid objects absorbing a certain amount of radiant heat and again

heating the air by contact.
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To ascertain the demands to be made upon the apparatus for heating,

the conditions of the building were studied, ia order to arriv^e at the loss

of heat inside the building for an external temperature of zero and an

internal temperature of 10'^ Fahrenheit. This loss of heat is caused by

the exjiosed surfaces of the building, which consist of hollow brick walls

plastered inside, of tin roofs lined with felt and supported by non-con-

ducting fire-proof material plastered inside, and of windows having two

thicknesses of glass with inclosed air-space. It is increased by an

amount due to leakages, absorption ofheat by the soil, transfusion of air

by the opening of doors, &c. To allow for contingencies, the required

heating surfaces resulting from above causes were increased by about

fifteen per cent, and the generating power of steam three times.

The necessity for such a disproportionate amount of generating power

Is exj^lained by the fact that the condensation is enormous when the

steam circulating iDipes and radiators are first heated up, because their

specific heat is very high when compared with that of the air. When the

circulation is once established, the demand upon the boilers decreases

to an amount equal to the heat radiated and carried oti" by the air from

the heating surfaces, provided that the main circidating (or flow) pipes,

which are not to act as radiators, but rather as vehicles to carry the

heat to the most extreme points of the building, are i)rotected by a suffi-

cient coating of non-conducting material, which should be provided for,

the sooner the better.

It is evident that for such nice adjustments there were no funds

available so far.

Continued satisfactory heating by the direct radiating system de-

mands, with such an extensive apparatus, constant and close attention

;

otherwise there will be a great waste of fuel in mild weather, and well-

founded complaint of overheating.

As the building is heated up, radiators must be shut off until no more

heating surface is left than is required to balance the loss of heat, which

in this climate is very variable. The offices require more heat, rela-

tively, than the halls ; and if, after the building is warm throughout,

steam were shut down entirely to prevent overheating the halls, as

would happen in mild weather, the offices could not be occupied for

want of heat long before the first sensation of coolness appeared in the

halls. The cause of this is that the ratio of cooling surface to space (or

cubic contents) is much greater in the case of the small rooms than in

the halls, which form a huge reservoir of heat, contained in the inside

walls and objects as well as in the air.

It is necessary' to put the whole force on once a day in order to get

circulation of steam throughout. In mild weather shut down as soon

as overheating begins. In extremely cold weather the fuU force is to

be kept up continuously.

It being established by experiment that about 25 per cent, of the entire

heat absorbed in evaporating the water in the boilers will be restored by
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returning the water of condensation in the coils to the boilers, at a tem-

.perabure of about 175 degrees, instead of heating new supplies of water

from an average winter temperature of 56° to the boiling point, special

efforts were made in this direction. In order to prevent clattering and

noise the steam-pipes have a fall from the boilers, so that any condensed

water flows in the same direction with the steam and not against it, until

points are reached where the steam-pipes are tapped and discharge the

condensed water into the return pipes, which are started at the extreme

end or lowest point of the flow-pipes with an adequate fall toivards the

boilers.

The extreme length of each of two lines of steam-conducting and re-

turn water-pipes is about an eighth of a mile.

To promote the usefulness of the building, these whole systems of

pipes were buried in large-sized underground ducts. The grade of the

public sewers does not allow the boilers to be set deep enough for re-

turning the condensed water to them exclusively by gravitation, as is

most desirable, hence it is conducted into a receiver located on the floor

of the boiler-room, from which it is raised by automatic steam-traps lo-

cated above the boilers. These traps are, firstly, supplied with steam

from the boilers. They are so constructed that by the movement of a

lever connected with a float the steam is shut off, when it condenses

in the traps, causes a partial vacuum, and lifts the water from the re-

ceiver into the traps by suction. As the ascending water fills the traps

it lifts the float, the lever of which gradually opens the steam-valve,

permits the steam to enter the traps, and at the same time causes an

equalization of pressure in the boilers and traps whereby the water, by

gravitation, flows back into the boilers. To operate these traps no more

pressure is required than sufficient to raise the water from the receiver

to the trap.

Since immediately after starting the fires the pressure in the boilers

may be too small, a steam-pump is at hand by which the water is forced

direct from the receiver into the boilers. This pump works with less than

two i)ounds pressure per square inch, and forces either hot or cold water.

When a fresh supply of water should be desired and the steam-pressure

is greater than that in the main water-pipes, the pump is connected with

these mains and the boilers supplied therefrom. Ordinarily the boilers

are fed direct from the water mains.

The steam for warming the building is generated in four tubular boil-

ers of 56 inches diameter and 15 feet length, containing each 72 tubes of

3 inches diameter. The heat of the fire passes first under the whole

length of the boilers, then back through the tubes and finally over the

top of the boiler, giving the greatest possible exposure of surface and

resulting in the greatest attainable economj^ of fuel.

The boilers are connected overhead by steam-pipes of 5 inches diame-

ter from each, with stop-valves ; these lead into a drum of 12 inches di-

ameter to which two 8-inch main steam-pipes are attached, each of which
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supplies a pipe system warming one-half of the building. Valves are

placed in those 8-inch j)ii3es, and the whole apparatus is arranged so

that one, or all, or any number of the four boilers can be used at pleas-

ure and steam shut off from either half of the buUding, or from any de-

sired number of the radiators. The steam-conducting pipes are gradu-

ally reduced in size, us the several branches for the supply of the radia-

tors are taken off until at the ends of the lines at the northeast corner of

the building, which is most remote from the boiler-room, the pipes have

but 2 inches diameter.

The return water-pipes begin at this remote corner with 1^ inch diam-

eter and are gradually enlarged as they receive the water of condensa-

tion from radiators and mains until they terminate in the receiver in the

boiler-room as above described.

Eising lines of pipes for warming the offices of the second and third

stories are attached to the horizontal piping, with suitable return-and-

relief and air-valve pipes.

The best provision is made in all lines of pipes for exijansion and con-

traction by offsets, angles, or expansion joints, as the case requires.

The horizontal pipes are mainly supported on rollers. All joints of

pipes and fittings are made without the use of red lead or cement, the

threads being all tapered and exactly fitted so as to be tight when
simply screwed together, iron into iron.

Branch pipes extend out from the main pipes, and to these the valves

and pixies of 204 upright radiators are screwed. These are all finished

in bronze, and contain in the aggregate 13,600 square feet of radiating

surface, which give out the heat generated in the boilers.

The efficiency of the heating apparatus, though evident, was tested

by a series of observations made during the coldest weather of Christmas

week.

During the daytime, with the outside temperature at an average of

5^ below zero, the interior temperature did not fall below G2^o above

zero when but three of the four boilers were in use, the i)ressure of

steam being not above 12 pounds, and the consumption of coal 7,500

pounds, for twenty-four hours.

Observations were also made during the night-time, after all heat had

been purposely cut off from the building and the fires banked, with the

mean external temperature at 11^° below zero, the temperature within

the building did not fall below 48° above zero. This is a creditable

result for the yet incomplete provisions taken against losses of heat by

the exposed surfaces.

The observation is also most gratifying that there is hardly any dif-

ference between the temperature on the main floor and that of the gal-

leries and occupied higher j)arts of the building abutting on the halls.

Thanks to the prompt and efficient co-operation of Col. Thos. L. Casey,

the engineer in charge of public grounds, the roads and lawns leading

to and surrounding the building were speedily adapted to new grades

and verdure restored.
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FINANCIAL STATEMENT.

The ai^propriations made by Congress are

:

For construction of building $250, 000 00

For steam-beating apjjaratus 25, 000 00

For electric work, plumbing, &c 12, 500 00

287, 500 00

Schedule account of expenditures and of liabilities, January 1, 1881.

Earthwork

:

Excavation and grading $853 68

Forming terraces . , 2, 428 56

— $3, 282 24
Foundations

:

Concrete 3, 899 02

Eubble-stone masonry , 7, 010 64

10,909 66
Brick-work

:

Bricks 39, 726 98

Mortar 6,111 36

Labor of laying bricks .. 26,668 96

Centers, sheds, foremen, «&c 2, 376 48

Oiling fronts, material, and labor 2, 753 58

77, 637 36
Cut-stone work

:

Of building proper 10, 105 10

Of approaches 1, 286 32

11,391 4i
Wrought and cast iron work

:

Cost of and setting floor-beams 3, 822 81

Contract for roofs, steps, and railings 37, 368 89

Anchors, hooii-irons, and miscellaneous work. . 4, 882 60

Four double entrance gates, including models

and hanging 1, 804 08

Models of candelabras 160 00

48, 038 38

Galvanized iron work 6, 784 18

Eoofing

:

Slate, slating, snow-breaks, «S:c 6, 597 65

Fire-proof gratings under metal roofs 12, 682 27

Manilla felt 1,145 96

Copper gutters 1, 169 08

Tin, labor, and spout-guards 5, 941 87

27,537 43

Concreting floors of offices and halls 0, 065 29

Forth vestibule laid with encaustic tiles 134 20
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Carpenter work and lumber

:

Window frames and sash, including hanging . . $6, 996 05

Doors 2,298 25

Flooring, sleepers, and miscellaneous lumber . . 4, 847 G2

Nails, screws, &c 711 36

Labor ^,59155
Flag-pole, set in place 61 45

$18, 506 28

Plastering 16, 781 94

Glass and ventilators

:

Plate glass 210 67

Double-thick cylinder 3,302 57

Ornamental cathedral glass 450 40

Photographers' skylight 315 00

Ventilators 444 00

4, 722 64

Painting and glazing, including material and labor 6, 677 99

Plumbing and drainage

:

Connection with main sewer 366 77

Water supply and closets for building purposes . 516 78

Terra-cotta sewers, and cast-iron drain pipes for

roofs 2,453 08

Drainage of boiler-room 510 81

Water-pipe and street-washers 1, 344 96

Gas-mains, service-pipe, &c 2, 650 44

Plumbing in office building - 509 33

8,352 11

Group of statuary on main gable ^ 2, 035 05

Miscellaneous expenses

:

Survey of grounds, clearing of site, and repair-

ing roads 1, 205 55

Printing, advertising, and photographic expen-

ses 1,840 12

Scales, tools, sheds, for various purposes 1, 125 91

Clerical expenses and watchman 5, 144 60

Stationery, office furniture, traveling expenses,

telegrams, and incidentals . . 1, 046 21

10, 362 39

Construction and superintendence 10, 000 00

Steam-heating apparatus 17, 268 00

Brick-work, excavations, &c 113 80

Electrical apparatus 822 31

Total 287,422 67
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Of this sura there has been actually expended $283, 449 (57

Outstanding liabilities under agreements . 3, 848 00
Balance available (after meeting all liabilities) January 1,

1881 202 33

287,500 00

Add appropriation for sfwer in hands of disbursing agent . . 1, 000 00

Balance unexpended (but of which 83,848 is unavailable

on account of liabilities) 4, 050 33

Total balance, January 1, 1881, in hands of Major Hobbs,
disbursing agent 5. 050 33

We have the honor to be, gentlemen, your most obedient servants

CLUSS & SCHULZE,
AycJiitecfs.

S. Mis. 31 12
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ADVERTI8EME]S^T.

The object of the General Appendix is to furnish summaries of

scientific discovery in particular directions; occasional reports of the

investip:ations made by collaborators of the institution; memoii'S of a

general character or on special topics, whether original and prepared

expressly for the purpose, or selected from foreignjournals and proceed-

ings ; and briefly to present (as fully as space will permit) such papers

not published in the "Smithsonian Contributions" or in the "Miscella-

neous Collections" which may be supposed to be of interest or value to

the numerous correspondents of the Institution.
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RECORD OF SCIENTIFIC PROGRESS.

Il^TEODUCTIOK

While it has beeu a proiuiueut object of the Board of Regents of the

Smitlisonian Institution from a very early date in its history to enrich

the annual report required of them with scientific memoirs illustrating

the more remarkable and important developments in physical and bio-

logical discovery as well as the general character of the operations of

the Institution, this purpose has not hitherto been carried out on any
^•ery systematic plan. Believing, however, that an annual report or

summary of the recent advances made in the leading departments of

scientific inquiry would supi)ly a want ver3' generally felt, and would
be favorably received by all those interested in the diffusion of knowl-

edge, the Secretary has had prepared by competent collaborators a

series of abstracts showing concisely the prominent features of recent

scientific progress in astronomy, geology, physics, chemistrj^, miner-

alogy, botany, zoology, and anthropology. Other subjects which might

l)roperly have been included, such as those of terrestrial physics and
meteorology, geography and hydrography, microscopy, &c., as well as

tlie more practical topics of agricultural and horticultural economy, engi-

neering, technology, and industrial statistics have, for the present, been
omitted, both for want of time in which to have them properly digested

and for want of space to allow them any sufficient presentation. With
every effort to secure prompt attention to all the more important details

of such a work, various unexpected delays frequently render it imprac-

ticable to obtain all the desired reports in each department within the

time prescribed. In such cases it is designed, if possible, to bring up
such deficiencies and supply them in subsequent reports.

A similar digest, having the title of "Annual Record of Science and

Industry," prepared under the general editorship of the present Secre-

tary of the Institution, was commenced in 1871, and published in a duo-

decimo form by the Messrs. Harper, of New York.* This work was con-

'The "Animal Record of Scieuco ami Indiistry" Tvas itself a successor to a similar

year-book entitled "The Annual of Scientilic IMscovery ". commenced in the year 1850

under the editorslii)) of Mr. David A. Wells, and ])ublished by Messrs. Gould and Lin-

coln, of Boston. The last-mentioned work was satisfactorily continued for sixteen

years, from 1850 to 1865, inclusive, when it was suspended by the appointment of its edi-

tor. Mr. Wells, to the commissionership ofinternal revenue under the United States Treas-

ury Department. The work was, however, resumed in 18G7, under the editorship of
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tinned through eight annual vokimes; but was discontinued with the

vohune for 1878. The present undertaking may, therefore, be considered

as in some sense a continuation of the work published by the Messrs.

Ho rper.

It is scarcely necessary to remark that in aresum6 of the annual pro-

gress of scientific discovery so condensed as the present, the wants of the

specialist in any branch can be but imperfectly supplied; and very many
items and details of great value to him must be entirely omitted. While

the student in a special field of knowledge may occasionally receive hints

that will be found of interest, he will naturally be led to consult for

fuller information the original journals and special periodicals from

which these brief notices or abstracts have been compiled.

The contemplated plan of devoting some 250 pages of the annual re-

port to such a compilation is not designed to jireclude the introduction

into the /'General Appendix," as heretofore, of special monographs or

discussions that may prove interesting to the scientific student.

Spencer F. Baird.

Dr. Samuel Kueelaiid, who conducted it for the years 1867, 1868, and 1869. It then

passed under the editorship of Prof. John Trowbridge, for the years 1870 and 1871,

when it was finally discontinued, and the "Annual Record of Science and Industry"

took its place.



ASTRONOMY.

By Prof. Edavaed S. Holden,

INTRODUCTION.

As the space available for the record of astronomical i)rogress is com-

paratively small, the accounts here given must necessarily be the biirest

summaries, whose chief end is to call attention to work which has been

done, in order that a reference may be made to more extended x)apers if

desired. . At the same time it is clearly impossible to give a specific ref-

erence to each of the papers consulted.

For such bibliograiihic information the reader is once for all referred

to Darboux et Houel's Bulletin des Sciences Mafhematiqucs et Astrono-

miques (monthly, Paris), to Nature (weekly, London), to Science (weekly,

New York), to the Observatory (monthly, London), and to other standard

journals. Free use has been made of reviews by writers in these and

other periodicals, i)articularly of the Becord of Astronomy, ])iib\ishedhy

Dr. J. L. E. Dreyee in the Scieutilic Proceedings of the Eoyal Dublin

Society.

NEBULA AND CLUSTERS.

The Earl of EosSE has published Parts 1 and 2 (0^ to 14^ R.A.) of

the " Observations of Nebuloe and Clusters of Stars made with the six-

foot and three-foot reflectors at Birr Castle from the year 1848 up to

about the year 1878" (Trans. R. Dublin Soc, Vol. II). This publication

(of which the third part, comprising the last ten hours of R.A., is in

the press) embodies all the work done on nebulie since the erection of

the six-foot telescope in 1845. In 1850 and 1861 abstracts of the observ-

ations on more interesting objects appeared in the Philosophical Trans-

actions, but all these abstracts are given over again in the new publica-

tion, with the sole exception of the copperplate engravings, to which,

however, in all cases references are made in the text. Though even now
not every single note in the observing ledgers is published, nothing has

been supjjressed which can be of the slightest value or importance.

The observations are given in the observer's own words, and the notes

which were added by Mr. Dreyer while arranging the work for pub-

lication are easily distinguished by being inclosed in brackets. These

notes deal especially with questions of identiiication, and nearly all the new

nebulae which were found at Birr Castle in the course of years and which
183
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formed the weak point of Herschel's General Catalogue, have now by
re-examination and comparison with D'Arrest's observations been iden-

tified and their i)ositions determined. The work done during the last

five or six years (1872-'78) differs in many particulars from the obser-

vations taken in earlier years, with which the paper of 18G1 made the

scientific world acquainted. Most of the more important nebulfe having

been fiequently drawn, there was latterly not much to be done in this

direction, but another important field was opened up by taking micro-

metric measures of groups of nebulae, or of nebulse and neighboring stars.

Into tbe text have been introduced diagrams of such groups or of a nebula

and the stars near it, while four i)lates contain lithographic reproduc-

tions of more elaborate sketches, which had not already been published

among the engravings in the former i)apers. How much more detail is

given in the new publication than in the pa|)er of 18(>1 may be seen from

the circumstance that while the fourteen hours of li.A. in the latter only

cover 34 pages, in the new paper they extend over 129 pages.

A series of measurements of all the planetary nebulre has been com-

menced with the l'»-inch refractor of the Harvard College Observatory.

Dr. C. H. F. Peters has lately published in Urania an important

list of nebulae found on his ecliptic charts.

Fkofographs of the Nchula of Ono«.—Prof. Henry Draper distributed

in 1880 a large number of photographs of the nebula in Orion, taken by

means of his 11-inch Clark refractor with an exposure of 51 minutes.

Stars down to the lOtli magnitude were shown and the details of the

more prominent masses of the central and brightest regions were for

tbe first'time permanently and automatically registered. The work so

well begun has been brilliantly i)ro8ecuted, and in March, 1881, Dr.

Draper, succeeded in obtaining fine jdiotographs with an exposure of

140 minutes! These give a much greater extent to the nebulous por-

ticras registered and bring out many details, and what is astonishing

they show stars whose magnitudes Prof. Pickering has pliotometri-

cally determined to be from 14.0 to 14.7 of Pogson's scale. The ^nini-

viuni vikihile of an 11-inch telescope is about 14.2, so that it really ap-

pears that Dr. Draper has ])hotographed stars which are very near

the limit of naked eye vision if not actually below it. The mechanical

perfection of the appliances which render such feats possible can only

be ax)preciated by those used to Ihe apparatus furnished by the best

makers, which is far inferior to that made by Dr. Draper for his own
use.

FIXED STARS.

Fixed stars, catalognes of stars, star charts, (Jovhle ^tars, binary stars,

variable stars, etc.—Decidedly the most imijortant recent contribution of

observmg astronomy is the "Uranometria Argentina*" of Dr. Gould.

" Resultados del Observatorio Nacioual Argentina." Vol. I, "Uranometria Ar-

geutiua," Buenos Aires, 1879, 4to, with, atlas.
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This is the first astronomical publication of the national observatory of

the Argentine Eepublic.

One of the first objects of Dr. Gould, on the establishment of the

new observatory in 1870, was the makingof a uranometry of the southern

sky, wliich should contain the position unci magnitude of every star

visible to the naked eye at his station.

The model on which it is made is the celebrated "Uranometria nova,-'

of Argelander, of Bonn, which was published in 1843. The latter

contains 3,256 stars from the first to the sixth magnitude, which are to

be seen above the horizon of Bonn. Its magnitudes are expressed in

thirds of a Avhole magnitude, and Argelander's scale, so established,

has served for a standard in all the observations in the northern hemi-

sphere. Dr. Gould's problem was to extend this enumeration over the

whole southern sky, keeping accurately to the standard set by Arge-
lander. This is by no means an easy task, as the minimnm rii^ibik at

Cordoba was found to be not the G.O magnitude, but 7.1; that is, stars

can still be seen at Cordoba which have less than four-tenths of the

light of the faintest of Aroelander's stars. This extraordinary trans-

parency of the atmosphere required the extension of Aroelander's

scale downward, and that this was accomplished successfully is shown

by a comparison of the magnitudes of all the stars which are common
to the two uranometries. The mean difference is rather less than one-

tenth of a magnitude. The method of settling the standard was to

select from the "Uranometria nova" a belt of stars which had the same

altitude at Bonn and at Corc'ioba. The 722 stars of this belt were ob-

served by the four assistants at the southern observatory (Messrs. Eock
Thoivie, Davis, and Hathaway), and those stars for which their esti-

mated magnitudes were precisely the same were chosen for standards.

Thus, a number of stars of each magnitude, as 3.00, 3.33, 3.06, 4,00, 4.33,

etc., became types to be constantly referred to. From these types a

number of others in a zone near the south pole (and hence constantly

visible) were constructed. The process of observation consisted in re-

ferring each star in the heavens to this set of types, so that its magni-

tude could be finally determined ujion. This was done by the four

observers independently, but often in duplicate, and so well were the

standards fixed that each observer's comioarisons differed from the mean
of all four by quantities very mucli less than a tenth of a magnitude.

It should be said that the magnitudes in the southern manometry' are

given to tenths.

In all there are 10,649 stars visible to the naked eye at Cordoba. Of
these, 8,198 are as bright or brighter than the 7.0 magnitude, and these

alone are given in the catalogue and in the maps. Of these 10,000 stars

more than 40,000 observations were made. In the progress of the work

quite a number of variable stars were detected, of each of which a full

history is given in the notes. Indeed Dr. Gould's firm conviction is
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that " stellar variability is by no means an exceptional X'tenomenon,

but that at least one-lialf of the stars above the 7.0 magnitude vary

by amounts which careful observation cannot fail to detect."

An atlas of fourteen charts accompanies the catalogue, and gives an

exact pictorial representation of the state of the sky at the epocli of the

work. Besides giving a rei)resentation of the isolated stars, the shad-

ings and gradations of the milky way are given with the greatest detail

from repeated observations and revisions. By no means the least valu-

able part of the work is the discussion of the course of the milky way
throughout the whole sky. The course of the galaxy is now, and only

now, known with precision. The data of this and preceding uranoine-

tries are discussed by Dr. Gould with reference to the question of the

distribution of the stars in space, starting from the assumption that, on

the whole, stars are equally scattered. Dr. Gould finds that there is a

marked excess of the stars from the first to the fourth magnitude

Furthermore, he finds that there is in the sky a zone or belt of bright

stars as marked as the milky way, and that all the bright stars are dis-

tributed more symmetrically with respect to this belt than with regard

to the milky way itself. From these facts Dr. Gould concludes that

"our own solar system forms a part of a small cluster distinct from the*

vast organization of that which forms the milky way." This cluster may
l^erhaps be comparable with that of the Pleiades, since by a rough esti-

mate it would seem to consist of about 500 stars. It is situated nearly

in the plane of the belt of bright stars.

No more valuable work than this has been given to astronomy within

the decade; and it will be a source of pride to Americans to find such

important contributions coming from one of their countrymen in the

southern hemisphere, with which the name of Gilliss was already in-

dissolubly associated.

There are no marks about the work itself which would show that it

was done in a community in about the state of Europe during the dark

ages, and it will add, not to the value of the work, but to the credit of

the workers, if one remembers that this is strictly the case.

Dr. AuwERS has published, for the zone committee of the Astronom-
ische Gesellschaft, an important work, "Fundamental Catalog fiir die

Zonen-Beobachtungen am nordlichen Himmel." (Leipzig, Engelmann,
4to.) This catalogue of 539 stars, on which the places of all the stars

between —2° and +80° Deck down to the 9th mag. inclusive will de-

l^end, is founded on the following systems of standard places: Pulkova,

1845 and 18G5 ; MS. of Pulkova Observations, 1809-'74; MS. of Bradley's

Stars from Greenwich Observations 183G-'72 on the system of the first

7-year Catalogue; Greenwich 9-year Catalogue; Harvard College Ob-

servatory, vol. X ; Engelmanu's Declinations, 18G6-'70 ; Leiden Declina-

tions, 18G4-'70.

At the Berlin meeting of the Astronomische Gesellschaft reports on
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the zone observations were read. The following account is taken from

Dr. Dreyer's report. Much progress has been made since then.

80-75. Kasan. . Observations finished, except a few; reductions far

progressed; printing commenced.

Dorpat. Only 920 observations yet to be made; more than half

the reductions to 1875.0 finished.

Christiania. Zones finished; about 90 per cent, reduced.

Gotha (formerly Helsiugfors). Zones finished; reductions far

advanced.

Cambridge, U. S. Observations finished ; reductions progress-

ing well.

Bonn. About 5,000 single observations remain to be made ; re-

ductions far advanced.

Lund. Observations commenced in September, 1878 ; the re-

ductions are progressing with the zones.

Leiden. Finished.

Cambridge (England). About 4,000 single observations to be

made yet. The mean places are calculated up to the end of

1874, apparent i^laces to the end of 187G.

Berlin. Not yet commenced.

Berlin. Finished, but not yet reduced.

Leipzig. Zones finished ; E. A.'s almost all reduced to 1875.

zeros for declinations partly computed.

Leipzig. Has been commenced.

Albany. Observations were commenced in August, 1878.

4- 1 to - 3. Nicolajeff. Much interrupted by the Eusso-Turkish war.

A second edition of the Washington Catalogue of Stars has been

issued. Since the first edition was published in 1873, Professor Yar-

iVALL had accumulated many observations, which he, before retiring

froin the Observatory, embodied in a second edition. Many stars which

had only been observed once or twice, either in right ascension or de-

clination, were thus re-examined. The author died suddenly, on Feb-

ruary 27, 1879, the complete volume only reaching him a few moments

before his death.

Dr. Robinson has published "Places of 1,000 Stars, observed at the

Armagh Observatory." The stars are those of the fainter ones in the

"Histoire Celeste" (nearly all between Gth and 7.5 mag.), which have

not been recently observed at other observatories. The instruments at

Armagh not being optically powerful enough for this work, the mural

circle was furnished with a new telescope having an object-glass of seven

inches aperture. The observations were all made by the Eev. Cn. Faris,

in the years 18G8-'7G, each star being observed four or five times. Only

the mean results are given. ,

The first volume of the second series of the " Annales de I'Observa-

toire de Bruxelles" contains an " Uranometrie Generale," by M. Hou-

75-70.

70-G5.

65-55.

55-50.

50-10.

40-35.

35-30.

30-25.

25-20.

20-15.

15-10.

10-5.

5-1.
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ZEAU. During a stay in Jamaica the author resolved to form a new
Uranoaietry, which should i^ossess the advantage above all others hith-

erto jjublished, that it was to be the work of a single individual, observ-

ing all the stars in both hemispheres visible to the naked eye within a

short space of time. He accordingly commenced working on January

28, 1875, and the work was finished on February 28, 187G. He had lirst

prepared maps, on which all the stars were plotted down without regard

to magnitude ; then every region was gone over two or three times, and

the magnitudes carefully estimated, the six usual classes being used,

but each class only divided into two halves. The atlas thus formed

consists of live plates, on which the stars, their letters, the names and

limits of the constellations (but not their figures), and the milky way
are depicted. The latter has Tjeen attended to with great care, the

deeper or paler hue of the light-green color representing greater or lesser

brightness. The catalogue of stars for 1880 contains 5,719 stars. M.

HouzEAU has examined the distribution of the stars in four ways : 1,

with respect to the solar equator ; 2, with respect to the direction of the

sun's proper motion ; 3, perpendicular to this direction ; 4, with respect

to the milky way. i^o law whatever was found in the first three ways,

while the fourth mode of proceeding confirmed W. Steuve's conclusion

that the density of stellar layers parallel to the plane of the milky way
decreases very regularly and gradually towards the poles of the latter.

Julius Schmidt has, in (iontinuation of his researches on the colors of

stars, published an extensive series of color estimations, made chiefly
•

with the finder of the Athens refractor, from 1872-'78. Only for Arc-

tnrus has he been able, with any certainty, to find a variation of color.

It is mostly very bright stars he has observed, and he investigates the

difference in the estimation, according to whether the finder or the re-

fractor was used, and finds a greater difterence the nearer the color is to

white.

A " new star" of 8.8 mag. was found in jSTovember by Mr. Baxen-
DELL, according to two Dun Eecht observations in 7^^ 34™ 45^07 + 8"^ 39'

39".0 (1879.0). According to Vogel, the spectrum is very remarkable,

with many dark bauds, especiallj' in the more refrangible part.

PARALLAX OF STARS.

Kearly the whole of Part III of the " Astronomical Observations and

Eesearches made at Dunsink" is devoted to annual parallax. The first

IDaper contains a discussion of observations of the planetary nebula H.

IV. 37 from August, 1871, to August, 1872, by Dr. Brtjnnow. The

nebula has in the center a well-defined point resembling a star of the

eleventh magnitude. This was compared in declination with a star

of the tenth magnitude, and the i)arallax was found to be perfectly in-

sensible, a result which agrees well with that of a similar series of ob-

servations by Professor Bredichin, of Moscow.

A notice of an elaborate x>aper by Dr. Elkix on the parallax of Alpha
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Centauri must be deferred till the next year, as the paper is not now
before the writer.

A new determination of the parallax of 61 Cygni, by Dr. Ball, forms

the subject of the next paper. This determination differs from others

on the same object in one particular, viz, that the preceding star instead

of the followini^ one has been observed. The method of observation

used is that of differences of declination, and the observations were
made on thirty-five different nights between July 3, 1877, and June 1,

1878. The resulting parallax is 0".4G5, in pretty good accordance with
the results of Bessel (last three months 0".54), Struve (0".51), and
AUWERS (0".o(»).

A third paper, also by Dr. Ball, describes the first results of a series

of reconnoitering observations in search of stars with a large annual par-

allax. These observations are only intended to reveal large parallaxes

(0".7) or more, and each object is only observed twice a year with six

months' interval, when it is 90^ from the sun, and at the two extremities

of the major axis of the parallactic ellipse. ^The paper contains the dis-

cussion of the observations of forty-two objects, chiefly red aiid variable

stars. The result is that in almost every case the parallax is certainly

less than 1", and most probably does not exceed 0".5. These objects will

therefore not be observed any further, but it is Dr. Ball's intention to

continue this kind of observations. His working list contains red and
variable stars, stars with a large proper motion, and others chosen for

various reasons, nearly all north of the 30° parallel.

According to Herr Geelmuyden, of Ghristiania, the starArg. Oeltzen,

11677, has a perceptible parallax (A. N. 2237). This star of the ninth

magnitude has a proper motion of— 0^507 and + 0".21. The resulting

parallax, 0".27 from measures of A a and 0".24 from metisures of A'? with

a star preceding, is only considered provisional, but the subject seems

worth following up.

DOUBLE STARS.

In 1841 and 1842 the Pulkova refractor was used for an examination of

the northern hemisphere in search of double stars. The second part of

the catalogue thus formed embraces systems, the components of which
are of or above the eighth mag., and the distance between which are

from 32" to 2'. Most of these objects have never been observed micro-

metrically, and the series of heliometer measures of some of them, which
Dr. SCHTJR, of Strassburg, publishes in the A. N. 2255-56, will there-

fore be of interest, though only comprising a small number of objects.

Systems closer than 40" were measured by quadruple distances, wider

pairs by double distances. By means of an artificial pair of stars it was
found that the position angle had no appreciable influence on the meas-

ures of distance, and that the two methods of measuring the distances

showed no constant diftereuce.

Volume XLIV of the Memoirs of E. A. S. contains a very extensive

work by Mr. BURNHAM: "Double-star observations made in 1877-'78,
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at Chicago, with the 18i-inch refractor of the Dearborn Observatory,

comprising: I. A Catalogue of 251 New Double Stars with Measures;

II. Micrometrical Measures of 500 Double Stars."

Up to a few years ago the Dearborn refractor, with which Claek
discovered the companion of Sirius in 18G2, was idle. It has, however,

since, in the hands of Mr. Burnham, done excelleut work. Confining

himself to the subject of double stars this distiuguished observer has,

in the course of six or seven years, first working with a 0-inch, after-

wards using the 18^^ inch refi"actor, made this subject his own to an ex-

tent that is truly surprising. Though many observations are yearly

being taken of double stars by a good many observers, the study of

these important objects is by no means being furthered to the extent

one should have expected from the vast amount of time and labor ex-

pended. As Mr. Burnham justly remarks, in the preface to the paper

we are here considering, many observers have gone on from year to

year observing over and over again the same familiar stars, of which

Castor, y Virginis, e Lyrae may be cited as examples. Couples which

small instruments of three or four inches aperture would show suffi-

ciently well are thus again and again being observed with fine refrac-

tors of six or seven inches aperture or upwards, while a very great

number of stars are hardly ever if at all looked for. " Omit the observa-

tions of Dembowski and O. Strute and our knowledge of nine-tenths

of the double stars would not be materially advanced in the last thirty

years." Mr. Burnham has from the beginning shown that he does not

follow the ordinary beaten track, and his numerous discoveries of close

and difficult i^airs have proved him to be an unusually sharp-sighted

and attentive observer. In nine previous lists he had given the places

of 482 new double stars, mostly rather difficult pairs, which few would

have discovered with a 6-inch refractor. The present (tenth) list of 251

new objects raises the total number of new double stars discovered by
Mr. Burnham to 733; of these 251 stars, 75 pairs are less than \" apart.

His observations of old double stars embrace chiefly such ones which

require a large aperture to be brought out well, or which have not been

recently observed by others. Particular attention has also been paid to

certain diificult pairs discovered by Mr. Alvan G. Clark.

No. 5 of the i^ublications of the Cincinnati Observatory contains "Mi-

crometrical Measurements of 1,054 Double Stars from January 1, 1878,

to September 1, 1879." Though the discovery of new double stars has

only been considered a secondary object, nearly 200 new pairs have been

detected during the progress of the work at Cincinnati. The measures

are all given in full detail and occupy 151 pages; the mean results are

given separately.

The systematic errors in measures of double stars have been investi-

gated by Professor Thiele in a paper: "Castor, Calcul du mouvement
relatif et Critique des observations de cette etoile double." (Copen-

hagen, 1879.) The author has chosen Castor partly because the orbital
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motion is slow and can be represented by a simple formula of interpolo-

tiou, partly because it has been very frequently measured by almost all

observers of double stars. First, three normal places were formed which
represented the distances and i)08ition angles observed since 1815, and
an angle of position from Bradley's and W. Herschel's measures.

From these and the ratio of the sector to the time, formuhie for computing
distance and position angle as functions of time by means of the eccen-

tric anomaly were derived and an ephemeris computed from 171S to

1900. With this ephemeris all individual observations by every obser-

ver were compared and the mean error determined for every observer

within a period during which he might be supposed not to have changed
his way of measuring. Every observer is now followed from one period

to another and the changes in the mean error determined, whereby vari-

ations in his systematic error reveal themselves.

Dr. Seeligee has maxle an elaborate examination of Madler's
measures (A. I!^. 2288). Madler's distances appear to be considerably

less accurate than O. Struve's, while his position angles do not appear

to have larger mean errors than those of O. Struve.
The most important series of double-star measures published since

Mensurce micromeiricw is that given in Volume IX of the Pulkova Ob-
servations, comprising the work of Otto Struve with the 15-inch

refractor since about 1810. An elaborate introduction details the

observations of artificial double stars and the method of applying the

corrections thus obtained to the measures of real stars. Section I is

devoted to the re-measurement of a large number of the most interest-

ing of the stars forming the catalogue of the elder Struve. Section

II contains the measures of nearly all the stars of the revised edition

of the Pulkova catalogue of 1850, and about thirty additional pairs dis-

covered subsequently {01 515 to 517). The only other systematic observa-

tions of these stars were made by the late Baron Dembowski about

18G0. As many of these pairs are rapid binary systems, and nearly all

of them interesting from the closeness and inequality of the components,

the Pulkova measures, giving earlier epochs, are specially valuable.

A valuable contribution to the literature of this department, and sec-

ond to none in practical value to the observer, is Flammarion's "Cata-

logue des Etoiles doubles et multiples en mouvement relatif certain."

This work contains a complete list of all double stars the components of

which have shown any decided change either from orbital or proper

motion, with all the published micrometrieal measures down to 1878,

arranged in chronological order, and notes as to the character and extent

of the motion, the most recently computed orbits of binaries, etc. As a

working list for the practical observer it is si>ecially valuable, since the

stars which most need observing can be at once selected.

The " Haud-Book of Double Stars," by Messrs. Crossley, Gled-
hill, and Wilson, published in 1879, in addition to an extensive cata-
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logue of binary and other interesting stars by Mr. GtLEDHILL, compris-

ing altogether some fifteen hundred objects, contains chapters on the

equatorial and the observatory by Mr, Crossley ; on methods of observ-

ing and the instruments which have been used in this work by Mr. Gled-
HiLL; on micrometers by Mr. Ceossley; on the methods of computing

double-star orbits, analytically and graphically, by Mr. Wilson and Dr.

DoBERCK, and the bibliography of the subject by Mr. Gledhill. The

catalogue is conveniently arranged in order of E. A., but the measures

of each star are placed opposite the names of the respective observers,

an arrangement far less convenient than a simple chronological one.

On the whole the work is an excellent one, and contains many valuable

suggestions to amateurs, not ordinarily found in astronomical books.

Professor Holden has tabulated the magnitudes and colors of 1G2

stars which are certainly binary, according to a list furnished by Mr.

BuRNHAivr, and finds that of these the components of 122 binary stars of

the same color differ in magnitude on the average only 0™- 5, whilst those

of 40 of different colors differ 2"^- 4. The colors and magnitudes are for

the most part taken from M. Strtjve's estimations. Professor Holden
quotes a conclusion by Dr. Huggins and Professor Miller, that the

characteristic colors of stars are due to the absorptive action of their

atmospheres, and compares it with the two following facts : (1) The color

of a solid body cooling would as it cooled pass through the shades tvhite,

yellow, orange, red, but not through green, hlue, or purple. (2) We do not

find isolated stars of decided green, blue, or purple colors. A few such

have been recorded, but in most cases erroneously. In general such

stars are small, and apparently invariably associated with larger stars.

That is, the isolated stars appear always of the colors which would arise

in the cooling of solid or liquid masses, and never as if necessarily sur-

rounded with absorptive atmospheres

—

i. e., never decided violet or

purple.

Professor Pickering bas published a pa7)er on the Actual Dimen-

sions of the Fixed Stars, in which the hypothesis that stars are of equal

intrinsic brilliancy is made the basis of computation. While this hyi)oth-

esis is perhaps as little objectionable as any general one that can be made,

it still leads to conclusions which cannot be at once accei^ted, as has

been shown by Professor Holden in a paper extending Professor Pick-

ering's work.

Variable stars.—For some years it has been generally received that

tlie star Alpha Urs(e Majoris x)eriodically changed its color from yeUow
through red to orange, etc., every thirty-two days. This supposed dis-

covery was made in 1867, by Klein, and has been confirmed, or at least

not disproved, by several subsequent observers.

This question is now tolerably well settled by Safarik, who has

chosen three other stars to observe simultaneously with this. He has
: •

I
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shown that the variations in a Ursce are no greater than in the case of

these three stars, which are pretty certainly constant in color, and he

gives it as his opinion that a Urste must be considered also as of a con-

stant color, unless we are willing to admit that all stars are variable in

tint in short periods of time. This result is of more importance than at

first sight appears, as we have now no well authenticated case of varia-

tion of color separate from variation in brilliance.

Dr. Gylden, of Stockholm, has recently published a mathematical

investigation, in which he shows the possibility of explaining the ob-

served variation in the light of stars upon pure mechanical principles.

He takes as a basis the idea that the surfaces of such stars are covered

in parts with a kind of crust or sJag^ which gives out less light than the

remaining ijarts of the surface, which are glowing. Further, he sup-

poses these stars to be rotating on their axes, and he shows that such a

rotation will account for all the phenomena, particularly as the axis of

rotation will itself be changed from time to time by the different dispo-

sition of the floating masses on the surface. It is noteworthy that the

possibility of such an explanation was first suggested by Sir William
Herohel.

THE SUN.

A new determination of the inclination of the ecliptic is contained in

the doctor-dissertation by B. F. van de Sande Bakhuyzen, of the

Leiden Observatory. The author discusses the declinations of the sun

observed in Leiden in the years 1804-70, and enters into all details re-

lating to the instrument used, etc. He finds that the inclination for

1870 as given in Leverrier's tables should be diminished by about

0".30. This result agrees well with Oppolzer's inclination for 1815

brought down to 1870, with a secular diminution as found by means of

the latest values of the planetary masses.

A review of the new or modified theory of the constitution of the

Run, proposed by Dr. Hastings, is necessarily postponed for want of

the necessary space to detail his arguments. It may be briefly said,

however, that no theory of the sun's constitution previously proposed can

account for all the facts of both spectroscopic and telescopic observ^ation;

and it is claimed by Dr. Hastings with good show of reason that his

hypothesis does this satisfactorily. It was published in the American

Journal of Science, and will doubtless receive the consideration asked

for it.

Sun parallax.—Several determinations of the solar parallax have been

lately published. From his observations of Mars, made at Ascension

Island in 1877, Mr. Gill finds -= 8".78 (M.X. June, 1879). At the same

opposition Mr. Maxwell Hall, in Jamaica, made similar observations

of the displacement of Mars in E. A. (Mem. R. A. S., XLIV.) He used

an equatorial of four inches aperture. Mr. Hall has carefully reduced

S. I^Iis. 31 13
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his observations, and the resulting parallax, 8". 79, indicates that val-

uable results may be obtained by this method by small instruments.

Observations of the declination of Mars made in 1877 at Leyden and

Melbourne have been used by Mr. Downing to find a value for the solar

parallax. The result is 8".9G (A. K 22SS). It is remarkable how well

this agrees with Stone's and Winnecke's results from the oi^position

of 18G2 (8".93 and 8".96).

Vol. 1, part 3, of the "Astronomical Papers prepared for the use of

the American Ephemeris and Nautical Almanac," containing the experi-

ments upon the velocity of light, made by Master A. A. Michelson,
U. S. N., has just been i)ublished. His method of investigation (an im-

proved form of Fouoault's method) is described in the section on
" Physics."

The final value for the velocity of light in vacuo is 299,944 ± 51 (in

air, 299,804), or, in round numbers, 299,940 kilometers per secoud =
180,380 miles per second, the remarkably small error, ± 51 kilometers,

being composed of the total constant error in the most unfavorable case,

and the probable errors of observation. This quantity, i 51 kilometers,

cannot be said to express the probable error of the determination, in the

ordinary acceptance of the term ; combining, as it does, accidental errors,

strictly speaking, and estimated constant errors.

These experiments were made by Master Michelson at the Xaval

Academy, Annapolis, at private expense, and to him the entire credit

is due. A new determination of the velocity of light, embodying es-

sentially the same arrangement, but with more elaborate and expensive

apparatus, has been completed by Professor Newcomb, superintendent

of the Nautical Almanac ; and this combined with a revised constant

of aberration, will give the best value of the Solar Parallax.

Transit of Ve7ius December 6, 1882.—The Astronomer Eoyal has pointed

out the best stations to be occupied for observations of the next Transit

of Venus.

Ingress accelerated can be well observed in Cape Colony, Africa. Mr.

Gill, will soon determine his longitude telegraphically.

Ingress retarded should be observed in the West Indies. These longi-

tudes have been determined already by officers of the United States

Navy.

Egress accelerated may be observed at the West India stations and

along the east coast of the United States.

Egress retarded : Stations in New Zealand are best suited, although

Australian stations will serve.

SOLAR eclipses.

Professor Newcomb has published a paiier " On the recurrence of

Solar Eclipses, with Tables of Eclipses from b. c, 700 to A. D. 2300"
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(Washington, 1879, 4to). The theory is founded on two remarkable and
hitherto unnoticed chance relations connected with the Saros. This

cycle takes account only of the mean motions of the Sun and Moon, but

in consequence of the eccentricity of the orbits the Sun may be 2° on
either side of its mean i)lace, and the Moon 5°. The relative position of

the two bodies may therefore vary 7° from their mean position at any
time, and recurring- eclipses might be expected to differ widely from the

predicted time, or might not occur at all. But, as a matter of fact, this

is uot the case, the irregularities being reduced almost to nothing by
the following remarkable relations. At the end of a Saros, not only

are the Sun, the Moon, and the node found nearly in their original rela-

tion, but the mean anomaly of the Moon happens to have the same value

to less than 3°, and the mean anomaly of the Sun to about 12°. There-

fore, not only the mean place of the Moon, but all its larger inequalities,

will return nearly to their original values at the end of the i^eriod. Tiiis

will hold true, not only with respect to the time of the eclipse, but also

with respect to its character, as the parallax and semi-diameter of the

Moon must also return nearly to their original values. On account of

the retrocession of 28'.0 in the the argument of latitude in each cycle,

the corresponding eclipses in successive cycles are subject to a progres-

sive change. A series of such eclipses commences with a very small

eclipse near one pole of the earth
;
gradually increasing for about eleven

recurrences, it will become central near the same x)ole. Forty or more

central eclipses will then recur, the central line moving slowly towards

the other pole. The series will then become partial, and finally cease

altogether. The entire duration of the series will be more than a

thousand years, and a new series commences on an average at intervals

of thirty years. All eclipses may therefore be divided into sets, the

separate eclipses of each set being separated by intervals of one 18-year

cycle, and extending through sixty or seventy cycles. Moreover, from

the elements of the central eclipse of each set those of any other of the

same set may be readily found by applying the changes corresponding

to the number of intervals which separate it from the central one. This

circumstance Prof. ]S[ewcomb has utilized to form a series of tables

which give at once the circumstances of any eclipse between b. c. 700

and A. D. 2300.

Phenomena attending Solar eelipses.—The whole subject of the charac-

teristics of solar eclipses is in so undecided a state that even those who
are most familiar with it are conscious of their incomplete knowledge

of the data. A general review of the evidence on special points has

been well nigh impossible. Like all comparatively new problems, the

different branches of the research have been developed in quite an

irregular way. On some lines of research our knowledge is very con-

siderable; on others, we have scarcely any trustworthy information.

This was specially a hindrance in the study of the phenomena of solar
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eclipses, because it is just here that we may hope for striking advances

within a few years. And it is necessary, in order to phm our future

work, to know what has already been settled, and along what lines of

study results are to be sought. A recent publication of Mr. Kanyard's,

on the phenomena of " Solar Eclipses," is intended to meet these diih-

culties. Mr. Eanyard has collected, in Vol. XLI of the " Memoirs of the

Eoyal Astronomical Society " (792 pages, 18 plates, and a great number

of wood cuts) all the accounts of solar eclipses which have been pub-

lished from the earliest times up to 1878. Each account is cut uj) into

parts, as it were, and the matter of each part is inserted in its proper

chronological order, under one of forty-four he adings, chosen by Mr.

Eanyard with great care. Each heading constitutes a chapter, and

the chapters are arranged about in the order in which the phenomena

of which they treat occur. Thus the chai)ters relating to the phenomena

near first contact have for titles: Chapter YIl. "The Cusps of the

Solar Crescent seen as colored." Chapter VIII. " The Moon seen as red

before Totality." Chapter IX. "Shadow-Bands;" etc., etc. Perhaps the

most important chapters are numbered XLI, XLII, XLIII, XLIV: On
"The Brightness of the Corona," on "Polaroscopic and Spectroscopic

Observations," and on "Photographs and Drawings of the Corona,"

respectively. The last chapter consists of 238 pages, and contains a

reproduction of every important modern drawing. A very good feature

of the wood cuts is that the axis of the sun is made vertical on the page,

and the sun's vertex is marked also. The plates relate to the spectrum

of the corona, etc., and to the photographs, etc., of the total phase.

We are glad to notice that due credit is here given to Dr. Buscn, who
first took a daguerreotype of the corona in 1851, at Konigsberg. The

very varied material contained in the volume is made available by an

elaborate subject and author index, and the chief i)roblems which Mr.

Eanyaed set to himself are resolved. These ^ere : 1. To give in the

order of time all of the important observations on each of the main

topics of study ; 2. To enable the work of any particular individual to

be examined; and, 3. To enable each solar eclipse to be studied by itself

jf desired.

The work has required about nine years for its preparation, and is

practically complete. We have simply to add to the data there given,

and need never go back of it. In general there is no complete discussion i|

of the results to be derived from each chapter, and this reserve seems

wise. In some cases the necessary conclusions are pointed out, always,

it seems, with moderation. It is an unfortunate consequence of this kind

of semi-bibliographical work that it will be severely criticised. Each
chapter will appear inadequate to the specialist in the subject of which

it treats. There can be no doubt but that Mr. Eanyaed has succeeded

in his most diflicult task, and that this publication will forward the

solution of the most important questions involved, in a very marked
I

i
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way. The work comes at exactly the right time, and satisfactorily fills

its place.

A very elaborate paper on the polarization of the corona, by Dr.

Schuster, is published in the M. i^. for December, 1879. This paper

shows how combined measures of the polarization at different distances

from the Sun, and of the decrease in intensity of the total light of the

corona with increasing distance from the Sun, may inform us in what
way the scattering matter is distributed in the solar atmosphere, what
part of the light sent out by the corona is due to scattering matter, and
whether the latter is projected outwards from, or is falling into the Sun
from outside.

Mr. Leonard Waldo has published a report on the observations of

the solar eclipse of July, 1878, made at Fort Worth, Texas, by a party of

which he was the leading- member.* An attemj)t was made to obtain

photographic evidence of the polarization of the corona by inserting a

double-image prism between the lenses of a camera. The photographs

obtained in this way were examined by Prof. Pickering, who found

inequalities in them, which, as far as they go, tend to indicate tangential

polarization ; but in the opinion of Dr. Hastings the evidence is not

conclusive. The inner corona was seen by Mr. Seagrave about 30^ be-

fore totality. Mr. Pulsifer, using a ten-prism spectroscope attached

to a four-inch Clark refractor, and keeping the slit tangential, observed

the reversal of the Frauenhofer lines at the commencement of totality.

From the length of these lines, which only reached one-third across the

spectrum, the tangential thickness of the reversing layer was found, and

from this Mr. Pulsifer infers its minimum height above the photo-

sphere to be 521 miles. The C line was not shortened like the others,

but extended right across the spectrum.

The Naval Observatory at Washington, has published the reports

relating to the total solar eclipses of 1878 and 1880 in a large 4P

volume of 41G pp., accompanied by 25 wood cuts of drawings made
by observers and 30 chromohthographed plates. This important vol-

ume has been edited by Prof. Harkness, who has provided a com-

plete index of persons (4 pages) and index of subjects (G pages), besides

a table of contents of 9 pages. It is worth while to mention these

indexes, because their presence seems to be an indication that men
of science are beginning to avail themselves of devices which have

long been considered indispensable to even the simplest literary per-

formance, and which in the nature of things are still more necessary to

technical and scientific writings. This special work, however, deserves

a careful review for many reasons, principally in that it is decidedly the

most important contribution which has ever been made to the literature

of any single eclipse, not excepting the memoirs of De la Eue, of La-

MONT, and the report of the Austrian Commission on the Aden eclipse.

* Cambridge, Mass. (J Wilson and Sou), 1879. 4to.
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The solar eclipse of 1878 is noteworthy, since it was visible over a large

portion of civilized country, each part of which it was easy to reach by
cheap transportation. The Congress of the United States also placed

the sum of $8,000 at the disposition of the Naval Observatory, which
was expended in providing the necessary instruments and in placing

men and instruments in the x^roper field. The expenses of 27 observ-

ers—mostly astronomers at various universities or colleges—were paid,

wholly or in part, from this sum. This governmental action is note-

worthy in the history of the country, as indicating the means by which
alone government aid to science can be aflbrded under our form of ad-

ministration, and it would seem that the question of the " endowment
of research," which has been agitating Great Britain, has here been

quietly solved. The Naval Observatory accounted to the Treasury for

the money, and the funds were spent in placing its own parties and
those headed by all the eminent astronomers of the country in the held,

and under its auspices liberal arrangements with the customs depart-

ment and the railways were made for the benefit of foreigners.

To come to the most important particulars of the volume before us:

It is preceded by the elaborate Instructions to Observers, com [tiled by

Prof. Harkness, of which it may be said that it is the most complete,

and on the whole the most satisfactory, which we have. Guided by
these instructions, the amateur observers prejjared their sketches of the

corona and made their observations.

In i^revious eclipses the principal point to be noted in regard to such

sketches has been that each sketch differed so much from every other

that only a knowledge of the circumstances under which they were

made could allow one to believe that they were representations of the

same phenomenon. Here, however, so mam^ sketches were made, each

one readily comparable with the photographs made by the parties of

Professors Hall, Harkness, and Holden, that for the first time a

kind of order can be evolved from what lias previously been but chaos.

The pht)tographs serve always as a standard, and it is seen that each

sketch represents (and exaggerates) one or more special features, the

other features remaining unnoted. Thus, by combining the whole set

a very fair general representation can be had. This is one most impor-

tant lesson. The photographs themselves are of the highest excellence.

The parties of Prof. Hall and of Prof. Harkness were provided with

complete outfits, and each secured a series of photographs of Exposures

varying from 3 to 60 seconds. The pictures with the shortest expos-

ures give the details of the corona near the Sun 5 those of longer ex-

posures giving details further out. In these latter pictures the inner

corona is much over-exposed, and its details are thus lost ; but by a

combination of the set the whole can be built up out to the distance

of 20' from the Sun's edge.

A single photograph was taken by Prof. Holden's party, which ad-

mirably supiilemeuts the others, as it begins where the others leave
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off and carries the picture of the corona out to GO' from the Sun's limb.

Thus the pictures made by the Naval Observatory parties cover the

whole ground, and are far more complete than those of any i)revious

eclipse. They are not adequately discussed, however, in the volume be-

fore us, which is the less excusable as Mr. Ranyard in his recent work
on Solar Eclipses has given a practical example of how such work ahould
be done.

Some idea of the fullness with which these collected reports treat

nearly everything which can be made the subject of observation may be
had by a glance at the subject-index. For exami^le, the contacts were
observed at over twenty stations by more than twenty-five observers.

Descriptions of the corona are given on thiity-uine different pages, and
these do not include the thirty or more drawings. Nearly every one oi

the phenomena is attested by more than one observer of the many en-

gaged. Thus the corona was seen before or after totality at six stations.

Ten persons swept in the vicinity of the Sun for the discovery of Vul-

can. Prof. Watson reports the discovery of two planets, Mr. S\yipt

that of two different ones, making four in all, seen or suspected. The
report shows that four persons swept over the place of Watson's («)

without seeing any planet there, and four also swept over the place

of Swift's two, also without seeing them. In all these cases the tel-

escopes were of adequate i)ower to have shown the objects of Watson
and Swift.

The main results of the eclipse of 1878 may be summed up much as

follows:

The connection between the activity' of the Sun's surface, as evinced

by the number and size of the spots and protuberances, and the nature

of the corona, has been again shown. The corona in 1878 was far sim-

pler in general character than those of 1800 and 1870. It was observed

to extend to a much greater distance from the Sun in this eclipse than

in any other, but this is probably due to specially advantageous circum-

stances. Professors Newcomb and Langley both observed the corona

with the naked eye, extending 5° or 6"^ from the Sun's center. There is

much difference of opinion as to the brightness of this corona; it prob-

ably was not materially fainter than that of 1809. Photometric observa-

tions were made at Pike's Peak upon this point, but there are no earlier

observations easily comparable. The most important point of difference

between the coronas of 1809 and 1878 was in their spectra. The bright

lines due to the gaseous parts were consi)icuous in 1809, while in 1878

they were so faint as only to be seen by a few observers, though these

lines were undoubtedly present. A continuous spectrum was seen by
most spectroscopic observers. The 1474 line was seen at the beginning

and end of the eclipse, but only a few observers saw it during the whole

of totality. Prof. Eastman traced this line all round the Sun, find-

ing it equally bright at equal distances from the center, and what is re-

markable, finding no defect in the brightness of this line in the points
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Trhere absolutely no . ~as vMble to the naked eye or to photo-

graphs. Xo new brigiiL lines were visible in the coronal spectrtun. A
new line (K. 534) in the chromosphere was discovered by Prof. Eoce:-

TvooD, who, as well as Prof. TomsG, saw botli lines brightly reversed-

Prof. Baeekb and others saw the Franenhofer lines (dark) in the cor-

onal spectram ; they were very liiint. The polarization of the corona

was observedby several parties. The photographic observations of Pro-

fessors Hjlekxess and Wbight show it to be radial in direction- Prof.

Hasten^&s eye observations give tangential polarization. Such are the

main fiets of observation to be derived from the volume in question. It

is yet too soon to state the bearing of these fiicts upon existing theories

or to deduce any general conclusions fix>m them.

COiEETS.

The followuig comets were visible in 1879:

A. Beoesex's periodic comet was first seen by Te5Epel on January
14. and on Pebmary 26 by Tebbtttt. It passed the perihelion on 3Iarch

30, and was observed till the end of May. It was found more than a

month earlier than Dr. Schtxze's ephemeris commenced.

B. Te3IPEL^s periodic comet was first seen by him on April 24. and was
observed until the end of June. It passed the perihelion on 3Iay 7, ac-

cording to 3Ir. Eaoitl Gal 1ike's elements.

C. SwzFT found a pretty bright comet on June 16, which was inde-

pendently discovered by Wixnucbh on June 21. It was observed till

Augast 23.

D. Palisa discovered a pretty Iwight comet on August 21, which was

seen as late as October 12 (the date of the perihelion passage).

E. Another comet was first seen by Haetwig on August 24. The last

observation seems to be jfrom September 14.

The spectram of Beoesex^s comet appeared this year very different

from what it was in 1S6S. It consisted of three bands, the central one

the brightest, and the least refrangible one excee<iingly faint. The
wave-lengths as determined by Xotr^sGr, were 46Si2, olTil- and 55-Si3w

The abnormal character of the spectrum in 186S (which only one othor

comet, that of Bo eeult, c. 1S77, has exhibited), has therefore disap-

peared, and the comet has now the ordinary spectrum.*

The following comets were visible in 1880:

Comet A, 1884). was first seen, probably, at the Cape of Goo«l IT y -.

Februarj' 1. It has been usually spoken of as the Great Southern C» :- - c :.

Dr. B. A. GorxD, of Cordoba, Argentine BepubUc, says: '* Itwas bright-

est February 7 or 8. when its length was KP and its breadth If", but

its brightness not superior to that of the 3niky Way in laurmr An-

other observer says :
''• The portion of the tail visible was about 31^ in

length and 2^ in width, its long, straight, narrow form resembling the

* Tonag. y. XLS- .559, Oba. TIT. 56, Cludatie X. xs. 5.

I
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one of 1843, which I remember well, although it was inferior in length

and brilliancy to that famous comet." February 4 the head of the comet

was 3 minutes of arc in diameter, as reported by Dr. Gould, who also

computed the elements of its orbit and found them to agree well with

those computed by Hind. The elements of the orbit of this comet

agreed very closely with the one of 1843. They are compared below:

Hiud, 18.^0.

Per. pass Jaiuiary 27, 0,027, G. M. T.

Long, per 279 deg. G min. 8 sec.

Long, node 4 deg. 1 min. 9 sec.

Inclination 35 deg. 39 min. 8 sec.

Per. dist 0.0059390.

"Motion - - Eetrograde.

Comet 1843.

Per. pass February 27.

Long, per 278 deg. 35 min. 1 sec.

Long, node 1 deg. 20 min. C sec.

Inclination 35 deg". 39 min. 2 sec.

Per. dist - 0.005511.

Motion Retrograde.

Mr. nrs'D, in communicating these results to the Astronomer Royal

of England, says : ''Can it be possible that there is such a comet in the

system almost grazing' the Sun's surface, in perihelion, and revolving in

less than thirty-seven years ! I confess I feel a difficulty in admitting

it, notwithstanding- the above extraordinary resemblance of orbits."

The appearance of this great comet has again revived the discussions

of a resisting medium in space. Prof. Oppolzee, of Vienna, has pub-

lished recently two important papers on this theme. Tn. Bredichin,

of Moscow Observatory, Russia, has computed the numerical yalne of

the repulsive force necessary to produce the enormous tail of this comet,

and finds it to belong to the same type of those of 1G80, 1744, 1709. I

am not aware that any observations by the spectroscope were had dur-

ing the late appearance of this comet.

Comet B was discovered by J. M. Schaeberle, assistant at the Ann
Arbor Observatory, April C, and its train was easily seen, and was three

minutes in length. On the IGth it was brighter and larger. Elements

of its orbit were computed by Sapfoed, IIOLETScnEK, Bigoukdan.

Marten^'s elements of this comet are in close agreement with the

above.

Comet C is Faye's short-period comet. It was seen by 3Ir. CoM:\rox,

of England, August 2. It was then extremely faint. The periodic time

of this comet is 7.413. It was found by the aid of an ephemcris i)re-

viously computed.

Comet D was discovered by Dr. Hartwig, at Strassburg, September

20, and also independently announced by Prof. Harrington, of Ann
Arbor, September 30. It was a bright comet, j ust visible to the naked
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eye. " Prof. Winnecke finds that this comet may be identical with

the comet of 1382, 1444, and 1569, as well as that of 1506, and he is led

to suggest a period of sixty-two and one-third years as probable."

The spectrum of this comet was observed by Konkoly, Backhouse,
and YoiTNG. It gives four bright lines, whose wave-lengths are, re-

spectively, 5,609, 5,492, 5,169, and 4,859 tenth-meters. The spectrum,

though faint, was continuous.

October 7, 11, and 12, the spectrum was examined at Greenwich, and

was found to consist of the three usual cometary bands, the brightest

comparing well with that of alcohol vapor and that of the Bunsen-burner

flame.

Comet E was discovered by Lewis Swift, of Warner Observatory,

Eochester, 1^. Y., October 10. It reached its maximum brightness ISTo-

vember 16 ;
presented an ill-detined disk several minutes in diameter.

The i^articular feature of interest attending this telescopic comet is that

it is identical with comet III of 1869.

Prof. FmsBY, of the United States Xaval Observatory, has also com-

puted the elements of this comet from observations by the Washington

transit circle. The perihelion distance of the comet appears to be a

little greater than that of the earth, and its aphelion is just beyond

Jupiter's orbit. These planets may greatly disturb its path in the

future. Prof. Frisby makes its i)eriod about fi\'e and one-half years.

Comet F was a small bright telescopic object, one minute in diameter,

with a distinct central condensation. It was discovered by Dr. Pechule
at Copenhagen ; elements were computed by Dr. J. IIoletschek.

Prof. Young observed this comet December 18, 19, and 22, and saw

two faint tails. One direct, as usual, away from the Sun, in nearly

the opposite direction, and the other roughly toward the Sun, though

deflected some degrees to the north. The two streamers made an angle

of 150<^ with each other. "Each was about thirty minutes long on the

ISth, and neither was seen after the 22d."

The three periodic comets whose orbits have been the most carefully

examined are Encke's, Winnecke's, and Faye's. Their least distances

from the Sun are -^o, ^0% fn 0? of the Earth's distance, respectively.

It is well known that Encke's original researches indicated the exist-

ence of a resisting medium in space which, by opposing the motion of the

comet through it, gradually shortened its period of revolution. All of

Encke's comjoutations were repeated by Dr. von Asten, and his gen-

eral results confirmed. Dr. Mollee, of Lund, executed a like work for

Faye's comet, and found no such change in its period and the conclu-

sion was that, granting the existence of a resisting medium, it did not

extend so far as one and a half times the earth's mean distance. Dr.

Oppolzer has just concluded a similar investigation for Winnecke's
comet. He finds that its motion is altered in the same way as that of

Encke's comet, and the value of the resisting force is found to be almost
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the same as that found by Encke. Dr. Oppolzer goes further and

shows that, granting the existence of such a resisting force, its effect

upon the motion of Faye's comet would be so small as to be confounded

with uncertainties of the computed perturbations. The question of the

existence of a resisting medium will be definitively settled by computa-

tions now in progress upon the other comets of short period.

THE PLANETS.

Vidca7i (?).—A new attemi)t to find an orbit in accordance with the

more or less doubtful observations of dark round spots passing across

the Sun's disk was published in the A. iST. by Heer v. Oppolzer. He
found a system of elements which was in remarkably good accordance

with the eight observations on which the calculations were founded.

Watson's observation during the eclipse in 1878 was not among these,

and the resulting orbit made " Vulcan" at that moment be 7° preceding

the Sun. A nearly central transit ought to have taken place on March

18, 1879, but nothing was seen, though many telescopes were directed

to the Sun that day.

In Xo. 2253-54 of the A. N. Dr. 0. H. F. Peters has published a

long article entitled " Some critical remarks on so-called intra-Mercurial

Planet Observations." In the first part of this article the writer con-

siders at length the observations made during the eclipse of July 29,

1878, by Watson and Swift, of two unknown objects southwest of

the Sun. The fact that the line between the two stars, called a and

b by Prof. Watson, is almost parallel and equal in length to the line

between and ? Cancri, joined to the small size of the improvised circles

of the instrument, appears to him to prove beyond doubt that the

objects seen were nothing but the stars and C Cancri. The constant

error of about 3"", which, under this supposition, would afiect the E.

A.s of a and b, he explains by the different circumstances under which

the circle markings were made for the stars and for the Sun ; in the

former case, in semi-darkness and in a hurry ; in the latter case, in full

daylight and with leisure. Possibly, also, the markings were made at

the same side of the wire-pointer, thus creating a parallax of ^^ or ^^ of

an inch. Mr. Swift's observation is treated more summarily by Prof.

Peters, who thinks the confusion and successive gradations in his

statements must deprive every reader of confidence in them.

To this criticism Prof. Watson has given an indignant reply in Ko.

2263 of the same journal. He denies flatly that his wire-pointers were

as easily bent as supposed by Prof. Peters, and feels confident that

the probable error of 5', assigned by himself, is rather too large than the

reverse ; the 20' of Prof. Peters he considers perfectly absurd. There

is only one of Prof. Peters's objections which he did not answer; he did

not state whether he saw a and Cancri at the same time or not in this

paper. This seems to be the crucial point of the whole question, and

Prof. Watson, in his report to the l^aval Observatory, has distinctly
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Stated this. Mr. Swift has also replied in the A. N. 2277. He had,

immediately after the eclipse, informed the other observers near him
that he had seen two objects with sensible (though, he acknowledged,

spurious) disks about 3° S. W. of the Sun, 12' apart. Later on he

changed this estimate to 1' or 8' in a letter to Nature (xviii, p. 539), in

which he made a curious mistake, putting 8' = 2™. Prof. Petees can

hardly be blamed for having felt suspicious at all this confusion, or for

having made little of Mr. Swift's comparison of the distance between

Mizar and Alcor, with the distance between the two unknown objects.

Venus and Mars.—Dr. Hartwig has published an extremely import-

ant investigation of the diameters of Venns and 3Iars from heliometer

measures by himself. He has also thoroughly discussed previous ob-

servations, and the following instructive table gives the main results:

A.

—

Heliometer.
i.

1820 Brandes - -1-098
1847-49 Wichmann . . _ -436

1857 Wiuuecke -1-088
18S1-63 Maiu -1 -182

1876-77 Hartwig - -1-233

B.

—

Double Image Micrometer (Airy),

i.

186-2-65 Kaiser -0-772
1840-52 Maiu - -0-50?
1873 J. Pluminer -0-546?

C.

—

Eochon's Micrometer.

i.

1810-15 Arago -1-519 _

D.

—

Wire Micrometer.

i. Prob. Error. Aperture.
" " mm.

1833-36 Madler -|-0 -651 ^0 -073 97

1854-57 J. Schmidt
j +|J [^ q ''^fl

I 108*

1860-64 Madler -0 -254 — 244
1838-39 Galle - -0-86 — 244
1871 Vogel .--.--- -2-56 — 293-5

The negative sign of the constant error for all double image observa-

tions is very remarkable, and it appears that telescopes of all apertures

make the diameter as measured in daylight too small, while there does

not seem to be any law depending on the aperture.

The adopted value is a mean of the Oxford, Leiden, and Strassburg

values, 17".552, which is 0".60 and 0".65 greater than the results of ob-

servations of Venus in transit, by Auwers and Tennant, in 1874. The

obscured hemisphere of Venus was repeatedly seen during the obser-

vations.

* Powers, 120 and 90.

Prob.
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The diameter of Mars is deduced (for distance 1) to be i>olar diameter

= 9".349 ± 0".010 from tlie meau of Arago's, Bessel's, Kaiser's,

Main's, and Haiitwig's observations.

Tlie Strassbiirg observations alone gave polar diameter = 9".311;

equatorial diameter = 9.519.

I\Iauy good drawings of Mars were made in 1877, among which those

of Mr, Green, at Madeira, of Mr. Dreyer, and of M. Niesten, at

Brussels, deserve especial notice. Mr. Green and Mr. Burton have

also observed Mars in 1879.

[N^either Mr. Green nor any one else in 1877 succeeded in seeing the

remarkable long and narrow canals- depicted in Schiaparelli's " Osser-

vazioni astronomiche e tisiche suU'asse di rotatione e sulla topografia

del pianeta Marte," Eoma, 1878, 4to; * but M. Terby has pointed out that

drawings made by Prof. IIolden, at Washington, in 1875, contain these

canals, and that thus their subsequent discovery by M. Schiaparelli
in 1877 is fully verified. This paper, published towards the end of

1878, contains first a new determination of the direction of the axis of

rotation, the measures being made by placing the micrometer wire tan-

gent to the middle of the snow spot. The results were, for September
27-0.

Areocentr. Long.
{
of centre 29-0460-1-1 -0077.

" Polar Dist. S of spot, G-147-J-U-123.
Geocentr. Angle of Pos. of Axis, 1G4-90-J-0.10.

The second chapter contains the determination of the areographio

position of sixty-two principal i^oints on the surface. From this an

exact map on Mercator's projection has been constructed, but as only

two colors are used, blue and white, to represent dark and bright, and
no shading at all is given, it is rather difficult to compare this mnp with

others. The innumerable "canals," which in all directions cross the

map, increase this difficulty. Four representations of the disk in ortho-

graphic projection (Table V), founded on all the drawings made at

Milan, are very much more adapted to be compared with other maps.

One of the most important publications of the year is the eleventh

volume (Part I) of the "Annals of the Observatory of Harvard Col-

lege," containing Professor Pickering's Photometric Observations

made with the 15-inch refractor. The author first made experiments

with a Zollner's i)hotometer and other instruments in which the star is

compared with an artificial light, but on account of the want of simi-

larity between the real and the artificial star, and the difficulty of ap-

plying a correction for changes in opacity of the air, which only aflect

the real star, the use of a lamp was abandoned, and all comparisons

were made with some bright star in the vicinity of the object observed.

All variations in the condition of the air were thus eliminated, both ob-

jects being equally affected by it. To insure a comparison free from

* Of this remarkable work a German translation is about to appear. M. O. Stru\te

bas given a very full account of it in the Vierteljabrsscbriit dcr Astrouomiscben

Gesellscbaft, XIV, p. 22-39 (1879).
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personal equation or variations due to tlie observer, it is very desirable

that the objects shall resemble each other as mnch as possible. This

result is secured by bringing the images to be compared close together,

so that they are both viewed with the same aperture and magnifying

l^ower, and the light of both is equally distorted by passing through the

same lenses and x>risms. A detailed description is given of the many
photometers employed.*

These photometers could only be used for comparing objects very

near together, such as double stars or satellites. For somewhat greater

intervals two achromatic prisms of small angle were placed in front of

a telescope, covering the central part of the object-glass. Two images

of any object would thus be formed, separated by an interval dei^end-

ent on the angle of the prisms, and on their relative positions.

All the i^hotometers described are open to the objection that the loss

of light is very great, from CO to 80 i^er cent. This was especially felt

during the observations of the satellites of Mars, and led to the inven-

tion of another class of photometers. The image of some bright star,

assumed as standard, passes outside the telescope, and is reflected into

the field, after having been reduced by some known amount, until it

equals the faint object to be measured.

The instruments having been described at length in Chapter I, the

second chapter contains the journal of the observations, while the dis-

cussions are given in Chapters III and IV. Conjunctions of planets,

already alluded to above, afforded a good opportunity for comparing

their relative brightness. The results are

:

Albedo of Saturn Albedo of Jupiter ^ or' r n no
All—

1

i- A> = 4.62±0.07 -r-p,—

^

^ ^r = 0.864-0.02.
Albedo of Mars Albedo of Venus

A series of i)hotometric measures of all the more conspicuous double

stars is discussed in Chapter TV.

Part II of vol. XI of the Annals of Harvard College Observatory con-

tains the determinations of the brightness of various satellites. In these

researches Prof. Pickering had great difficulties to overcome on account

of the extreme faiutness of some of the objects whose light was to be
measured; the results, however, are of special interest, as aflbrding

some idea of the real size of these minute members of the solar system.

Prof. PiCKERiNa's attention was first directed to the newly discovered

satellites of Mars, and he devised various new forms of photometer for

the examination of these faint objects. These photometers are all de-

scribed in Part I, and the first two chapters of Part II (Chaps. V and
VI) are devoted to determinations of their constants, by various meth-

ods. The problem was one of great difficulty, involving the measure-

ment of a photometric interval as great as that between the Sun and
the Moon, the planet Mars being several hundred thousand times as

bright as his satellites. As a direct comparison was impossible, the

light of the satellite was compared with that received from a small por-

*An abstract of this description is given in Nature, XXI, p 23.
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tiou of Mars tlirough a small hole l-lOOtli of a millimeter in diameter,

i. c, 1-lOOtli of the diameter of Mars, or about 40 miles, the diameter of

Mars iu the telescope being one millimeter. Much difficulty was expe-

rienced in making such a hole, and it was only after various attemi)ts

that Prof. Pickering succeeded iu boring suitable ho^es in a piece of

platinum foil gummed on a glass plate.

The light of Mars seen through the smallest hole that could be made
was, after all, much greater than that of the satellite, which must there-

fore, if its albedo or reiiecting j)ower is about the same as that of JMars,

have a diameter much less than 40 miles.

The following are the results of comparison with ]\Iars, as well as with

Saturn and certain faint stars near which the satellites passed :

Mars—667,000 xPhobos in 1877; equiv. diam.=5.57 miles.

Mars=879,000xDeimos in 1877; equiv. diam.=4,9+0.1 miles.

Mars=550,000xDeimos in 1879
;

equiv. diam.=6.1±0.1 miles.

Mars=461,000xDeimos foil. Mars; equiv. diam.=6.7 miles.

Mars=673,000xDeimos prec. Mars
;

equiv. diam.=5.o miles.

The equivalent diameter of the satellite is calculated on the assump-

tion that its albedo is the same as that of Mars.

It appears, then, from Prof. PickerinGt's results that Deimos was ap-

parently much brighter in 1879 than in 1877, and that it was brighter by
nearly half a magnitude on the following side than on the preceding

side of its orbit. In support of this Prof. Pickering points out that

there is a large preponderance of micrometer observations of Deimos on

the following side, showing that the satellite was more easily seen iu

that part of its orbit. The micrometer measures of Pliobos were nearly

equally distributed. No photometric measures were made of this satel-

lite in 1879. The general result of all the observations is that Deimos
is about 14.5 magnitudes (on the photometric scale) fainter than Mars,

and about 0.3 magnitude fainter than Phobos, the equivalent diameters

of the two satellites being about 7 and 6 miles respectively, correspond-

ing to 0".010 and 0".009 at mean distance. That is, the satellites are

fainter than an area of the surface of Mars having a diameter of 0".01

at distance unity, or 1-lOOOth part of the diameter of Mars. isTotwith-

standing the minuteness of the i)oints of light compared, a difference

iu color was detected between the outer satellite and Mars, Deimos ap-

pearing to be blue, w^hilst the artificial star formed by Mars was noted

as red.

The observations of the satellites of Jupiter in Chapter VIII are of

special interest, from the comparison of equivalent diameters (photo-

metrically inferred) and the diameters as actually measured. The fol-

lowing are the results

:

Satellite - I. II. III. IV.

Light ratio - - - 1786 2032 1271 3597

Equivalent diameter 0".873 0".818 1".035 0".615

Measured diameter 1".081 0".910 l".r,37 1''.282

Relative albedo 0.652 0.809 0.453 0.230
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The first line gives the ratio of the light of Jupiter to that of each of

the satellites, the last the albedo relative to Jupiter. To obtain the ab-

solute albedo for each satellite, the relative albedo must be multiplied

by the albedo of Jupiter (O.GIO). The view that the light of the satel-

lites is variable is not confirmed by Prof. Pickering's observations.

A large number of jihotometric measures of the eight satellites of

Saturn were made in 1877-8, special attention being devoted to the

variations of light of lapetus, which were found to extend from 40 to

140 (taking the mean brightness as 100). The following formula was

found to represent the variations of light

:

L = 100— 50 sin v + 10 cos 2v,

where L is the light of the satellite at any longitude v.

On this formula Prof. Pickering remarks, "The absence of the term

c .cos V shows that if the variation in light is due to unequal brightness of

the two hemispheres of lapetus, one-half of each will always be turned

towards Saturn. In other words, it would present to an observer at the

north pole of Saturn the appearance of a half moon, the semicircle to

the right being about four times as bright as that to the left.

" Some doubt is thrown on the term e cos 2t', since the comparisons

with Saturn do not confirm its presence. Since the value of e is positive,

it cannot be sux)posed to indicate that lapetus is elongated in the direc-

tion of Sat'^rn, although a slight elongation of this kind is probably im-

plied in the assumption that the satellite turns once on its axis during

each of its revolutions. An elongation suificient to i)roduce this effect

might be caused by tbe attraction of Saturn, but it v.ould be far too

small to be perceptible photometrically. To make e = -f 1, the equato-

rial diameter of the satellite turned towards Saturn should be exceeded

by that at right angles to it in the ratio of 9 to 11 5 so great a differ-

ence does not seem probable. The term e cos 2v could also be accounted

for by two bright or dark spots on the satellite. A dark spot on one

side covering less than a hemisphere would also give a variation in light

closelj" resembling that given by that in the formula. The most natural

explanation, however, is that the dark and light portions are irregularly

distributed on lapetus, like the land and water on our Earth, and that

one hemisphere is, on the whole, much darker than the other. The

smaller variations may be assumed to be such that the formula given

above represents them closely.

"

The following are the equivalent diameters of the satellites in miles

foundby Prof. Pickering: Mimas292±9; Encleadus 370±10; Tethys

570±1S5 Dione 542±17; Ehea 745±27; Titan 140G±52; Hyperion

193±5; lapetus, mean 4SGzt4, max. 574, min. 307.

The satellites of "Uranus and Neptune have the following equivalent fj

diameters (in miles): Titania 5SGzt:lC; Oberon 544±15; satellite of fl

Neptune 22G0zliG0. The large equivalent diameter of the satellite of f|

Neptune is noteworthy.

Determinations are also given of the equivalent diameters of some i
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of the minor planets, as follows : Pallas 1G7 miles; Juno 94±4; Vesta
319±10; Antiope 51±3; Brunhild 20±3; Eva 14±1; Menippe 12±1.
Though these equivalent diameters must not be accepted as actual

diameters, they doubtless give a pretty close approximation to the size

of the smaller members of the solar system, even allowing for a large

uncertainty in the albedo. It would seem from the Harvard College

determinations that some of the smaller asteroids are at any rate com-

parable in size with the satellites of Mars, and the step from these to the

larger meteorites is not a very large one. The volume also contains pho-

tometric measures of 103 unequal double stars and some miscellaneous re

suits. Great care has been taken throughout to avoid systematic errors

by varying the methods of observation, but it is certain that some of the

measures of the light of faint companions to bright stars are in error, as

shown by comparison of pairs of the same assigned brightness.

A work of some magnitude has been undertaken by Prof. Pickering
during the past year in the determination of the light of all the stars

visible to the naked eye at Cambridge (Mass.) As most of these stars

would be very troublesome to identify in the field of a photometer

mounted on an ordinary stand, they are observed in the meridian. The

photometer consists of a horizontal telescope pointing to the west, and

having two objectives. By means of two prisms mounted in front of the

telescope the i)ole star is reflected into one object-glass, and the star to

be measured into the other. The cones of light are made to coincide by

a double-image prism, the extra images being cut off by an eye-stop.

The star to be measured is thus seen in the same field with the pole star,

under exactly the same conditi<ms. To determine the relative transpar.

cncy of the air at different altitudes, a list of a hundred circumpolar

stars has been prepared, to be observed at both upper and lower culmi-

nations. Progressive changes in the light of the pole star may thus also

be detected and eliminated.

A Persian MS. of Ulugh Beg's catalogue of stars recently presented

to the Eoyal Astronomical Society has been examined by Mr. Knobel
(M. N. XXX, 337), and compared with Hyde's translation. A great many

discrepancies have (as was also the case with St^Fi) been found to arise

from certain characters being mistaken for others by the transcriber,

and Mr. Knoeel was hereby led to examine those of Ibn Junis's lunar

eclipses, which Prof. Newcomb had found to be irreconcilable with the

computations, and he suggests explanations, founded on the assumption

of similar errors having been made in copying a MS. The magnitudes

of Ulugii Beg never having been properly translated, Mr. Knobel
giv'es a complete translation of the magnitudes as found in the MS.

under examination.

Jiipitcr.—Dr. Schmidt has made a new determination of the time of

rotation of Jupiter upon its axis, from observations in 1S79 and 1880, of

the red spot npon its disk. His preliminary discussion gives for the

time of rotation 9h. 55m. 34.42s.

S. Mis. 31 14
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On tlie eveiiiug of February 2, Jupiter was passing near tlie star B. A.

C. 303 (73 Piscium), and the opportunity was taken at the observatory

of Harvard College to compare photometrically the third satellite of the

planet, with the star. Three observers took part in the work, and four

sets of measurements, each consisting of eight single comparisons, were

made. The result obtained was that the star was fainter than the sat-

ellite hj 0.38 magnitudes of Pogson's logarithmic scale. For the mag-

nitude of the star we have G.IG by the mean of the available estimates

on record, and G.17 by the observations made at this observatory with

the meridian photometer. The resulting magnitude of the satellite is

5.28 or 5.29, in close agreement with the value, 5.24, found by a very

different method, in the Annals of the Observatory, Vol. XI, p. 276.

Saturn.—A letter from Prof. Hastings, of the Johns Hopkins Uni-

versity, puts an important point in regard to the nature of Saturn-s rings

(C, the dusky ring, B, the inner bright ring. A, the outer ring) so briefly

that it may be quoted. "The ring C jirojected on Saturn is dark; if

the ring were composed of particles having the same albedo as the planet

it would appear neither bright nor dark, as it would return to us by re-

flection the exact equivalent of what it intercepts. But the albedo of B
is greater than that of the planet since it is the brightest part of the

system. Hence either the material of C is different from that of B, or

the planet is self-luminous."

Possible planets beyond Neptune.—Prof. Forbes, of Edinburg, and Mr.

D. P. Todd, of Washington, have, during the year, published accounts

of their theoretical in'oofs of the existence of a planet or jjlanets beyond

Xeptune. Prof. Forbes founds his conclusions upon the statistical dis-

tribution of the aphelia of comets. These have long been known to be

grouped at certain distances from the sun, with empty spaces so far as

known between groups. There is a group of eleven comets whose aphe-

lia are at Jupiter's mean distance, 5, and another group of six comets

about Neptune's distance, 30.

Another well marked group of seven comets have aphelion distances

of about 100.

The theory of the introdution of comets into the solar system, proposed

a few years since by Prof. Xewton, of Yale College, is made the basis of

the investigation, and according to this, any comet which is drawn into

our system from outside and its elements so changed as to make it a

permanent member of the system must have been so influenced by a

planet which was somewh ere near the aphelion point of this comet's

orbit at the time of its introdution.

If the aphelion points of the seven comets of the last group described

be marked on a globe, it is found that they lie on or near a great circle.

Prof. Forbes further finds that a planet revolving at a distance 100 in a

periodic time of 1,000 years might have been at the points so marked

during the period cf two revolutions of the comets of this group, and from
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this and other reasons it is conchided tliat there /s such a planet revolv-

ing at the distance of about 100, which is at present iii E. A. IV^ 40™ X.

P. D. 870.

Similar considerations are applied to the next group of comets of

aphelion distances about 300, and evidence of a disturbing planet at this

distance also is adduced. Prof. Forbes has applied the method he has

used to the case of the comets which we know to revolve near Neptune,

and, without any knowledge of ISTeptune's real jwsition, he found that

the aphelion positions of these comets indicated the existence of a planet

in longitude 45'^. In fiict, Neptune is now in longitude 48°. From all

of which Prof. Forbes concludes the existence of at least one ultra-Xep-

tunian planet in the position indicated, i. e., for 1880, E. A. 11^ 40™ X.

P. D. 870

The ljublication of Prof. Forbes's results has caused Mr. Todd, of

Washington, to print the results of some investigations he has made in

the motions of Uranus and Neptune as compared with Newcomb's tables

of these i^lanets. Proceeding by a graphical method he was led to the

conclusion that there must be a planet exterior to Neptune revolving in

an orbit inclined about 1^°, whose ascending node is at longitude 103"^,

and whose longitude is about 173^^, or, for 1881, March, its position is

E. A. 11^^ 37°^ N. P. D. 870.

In other words. Prof. Forbes and Mr. Todd, proceeding on utterly

different data, have arrived at identically the same result. In each case

the data are iusufiBcient and the exact agreement is accidental. Still

it is noteworthy.

It is extremely doubtful if such a planet would be recognizable by

its disk at this distance from the sun. Still, Mr. Todd made a search for

it with the 20-inch telescope at Washington, without success however.

The true method of research would be the accurate mapping of this

portion of the sky—a work of several years.

Minor Planets.—The following discoveries were made in 1870 :

Date.

1879.

rebruary 17 -

FobruarV 28 -

March 22 - -

.Apra28 - -

Mav 17 - . -

May 21 - - -

June 13 - -

JulvO - - -

. July 27 - - -

August 7 - -

September 23
September 27
October 8 -

October 13
October 15
October 17
October 21
October 22
November 12
December 10

So. Xame.

192
103
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211

Kausika -

Aml)rosia
Procno -

Eurycleia
PhilVmiela
Arete - -

Ampclla -

Byblis- -

Dynaraene
Penelope
Chryseis -

Pompeia -

CaUsto •

Hersilia

Dido

Discoverer.

Palisa.
Coggia.
Peters.
Palisa.
Peters.
Palisa.
Borrelly.
Peters.
Peters.
Palisa.
Peters.
Peters.
Palisa.
Palisa.
Peters.
Palisa.
Palisa.
Peters.
Palisa.
Palisa.
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Frigga (77) was refoundby Peters on July 17, 1879, after having been
at large for several years. Prof. Petees suggests that Frigga may be
variable.

The discoveries for ISSO were

:

Date. Ko.

1880.

February 6 -

rebrnary 17 -

March 1 - -

April 7 - - •

April 10 - •

Angu.st30- -

September 4 -

September 30

212
213
214
215
216
217
218
219

Xame.

Lilaea -

Oenone

Discoverer.

Palisa.
Peters.*
Palis*.
KJnorre.
Palisa.
Cojrgia.
Palisa.
Palisa.

t

* His 41st discovery. tHis 28tli discovery.

The Jahrhuch for 1882 gives some details regarding the first 173 as-

teroids, which we condense as follows : Out of these 173, there are 120

which have been satisfactorily observed at 5 (or more) oppositions, 11

which have been observed at 4 oppositions, 10 at 3, 14 at 2, and 18 at 1

only. Of theselast IS, someare new discoveries and only i)il-e(BoRELLY),

and Scylla (Palisa) are yet to be rediscovered. Jucica (WATS0^') has

been lately found, after having been lost six years.

The Moon.—The lunar photographs taken with the 13-inch reflector at

the University Observatory, Oxford, have been utilized for finding a

new value for the semi diameter of the Moon. The process adopted was

very nearly the same as that employed by Wich^ian, and the resulting

mean semi-diameter is 15' 34" .175 + 0".0G9. Mr. Xeison has, from a

careful discussion of nearly 1,100 observations, made at Greenwich, Ox-

ford (Eadcliffe), and Washington, deduced the value

—

15' 33".37-f 4".10-r(l -f 0".70 x aperture in inches).

This empirical formula, he adds, agrees closely with the theoretical

formula, founded on the assumpntion that the differences between the

semi-diameters obtained with instruments of difl:erent ajierture vary as

the diffraction discs and the amount of light. Applying the formula to

a 13-inch reflector, and adding the photographic irradiation, which ]\Ir.

XiESON states his experiments indicate to be about + 0".3, the photo-

graphic semi-diameter should be 15' 34".08.

Xo papers on the Moon published during the past year exceed in im-

portance those by Mr. G. H. Daevvin on the secular effects of tidal fric-

tion on the configuration of a i)lanet and its satelHte. In the first paper

the theory of the deformation of a viscous or imperfectly elastic spheroid

under the attraction of satellites is investigated. Kumericitl calculations

show that bodily tides in the Earth are at present very small. From this

pomt Mr. Baewix was led to consider the perttu'bed lotation of such

a spheroid, and the reaction on the perturbing bodies. He has in

the A. y. 2294 given the following summary of the results arrived at



ASTRONOMY. . 213

tbroiigU these investigations, wliieli, no doubt, maik the beginning of

a new era in oar knowledge of the past history of the solar system

:

1. The lunar period must have been shorter in the past, and may be
traced back from the present 27.3 days, until initially the Moon revolved

round the Earth in from two to four hours.

2. The inclination of the orbit to the "proper plane" must have
been larger in the past, and may be traced back from the present 5^ 9'

until it was C^ or 7°. This was a maximum inclination, and in the

more remote past the inclination was less and initially was very small

or zero.

3. The inclination of the proper plane to the ecliptic must have been
greater in the past, and may be traced back from its present 8" until it

was in very early times about 11° 45'. It is possible that initially this

inclination was less, and that the 11° 45' was a maximum value.

4. The eccentricity of the orbit must have been smaller in the past.

Either at one time it had a minimum value, before which it had a

maximnm value, and, again, earlier it was very small or zero, or else

the maximum value never occurred, and the eccentricity has always

been increasing. The history of the eccentricity depends on the nature

of the tides in the Earth, but the former of these alternatives seems

the more probable.

At the present time the Earth rotates in twenty-four hours, its equa-

tor is inclined at an angle of 9" to a plane which Mr. Darwin calls

"the proper plane of the Earth" (the mean equator). This proper

plane is inclined at an angle of 23° 28' to the ecliptic, and its intersec-

tion with the ecliptic is the equinoctial line. He hnds that the liic-

tional tides in the Earth have caused changes which may be summa-
rized as follows :

5. The day must have been shorter in the past, and it may be traced

back from its present value of twenty-four hours until initially it was
from two to four hours in length. It was then identical with the ^Moon's

period of revolution as described in (1).

6. The inclination of the equator to the Earth's proper ])laue must
have been larger in the past, and may be traced back from the present

value of 9" until it was about 2° 45'. This was a maximum inclination,

and in the more remote past the inclination was less, and initially it

was very small or zero.

7. The inclination of the Earth's proper plane to the ecliptic must
have been smaller in the past, and may be traced back from its present

value of 23c 28' until initially it was ll'^ 45', or, perhaps, somewhat less.

It was then identical with the proper plane of the lunar orbit, and this

is true whether or not 11° 45' was a maximum inclination of the lunar

proper plane to the ecliptic as described in (1).

The preceding statements may be subject to varieties of detail, ac-

cording to the nature of the tides raised in the Earth, but the above is

a summary of what api)ears to be the most probable course of evolution.
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The hypothesis which is suggested as most probable is, that the more

recent changes iii the system have been principally due to oceanic tidal

friction, and that the more ancient changes were produced by bodily

tidal friction. The initial state of the Moon, nearly in contact with the

Earth, and always opposite the same face of it, suggests that the IMoon

was produced by the rupture in consequence of rapid rotation or other

causes of a i^rimeval planet, whose mass was made up of the present

Moon and Earth. It is a remarkable coincidence, that the shortest pe-

riod of revolution of a fluid mass of the same mean destiny as the Earth,

which is consistent with an ellipsoidal form of equilibrium, is two hours

and twenty-four minutes ; and that if the Moon were to revolve about

the Earth with this periodic time, the surfaces of the two bodies would

be almost in contact with one another. The theory gives an interesting-

explanation of the rapid movement of the inner satellite of Mars.

OBSERVATOKIES.

The buildings of the new observatory of the University of Strasburg

have been completed, and a description and plates of them made hy the

director. Dr. Winnecke. The principal instruments are :

1. A meridian circle by Repsold ; aperture 162 millimeters (6.4 inches).

2. An altazimuth by Eepsold ; aperture 136 millimeters (5.4 inches).

3. A refractor by Merz ; aperture 487 millimeters (20.2 inches).

4. An orbit sweeper by Eepsold ; aperture 163 millimeters (6.4 in-

ches).

There are three buildings—one large one containing the residences of

the astronomers, and two smaller.

On the main building is the large iron dome, some 39 feet in diameter.

There are two novelties in its construction: First, the shutters to the

dome are made in two parts, and extend from horizon to horizon. They

are opened symmetrically by screws, and leave the whole 180*^ open at

once. Secondly, the dome, which weighs about 93,000 i)ounds, is turned

by means of heavy weights, which are wound up from time to time as

required. A touch from the observer will release these, and their fall

will turn the dome right or left as required. The working of this dome
will be attentively regarded, as most of the difliculties of such structures

appear to have been successfully avoided. In windy situations the

whole slit must not be opened at the same time, but the principle of

these shutters i)roperly modified will serve even in this case. The dome
of the new Naval Observatory at Washington is to be of the turret con-

struction, by which form the difficulties of shutters can be evaded.

The 27-inch refractor for the Vienna observatory has been finished

by Mr. Grubb, and is now mounted, and is said to be satisfactory. An )|

elaborate description of it is i^ublished by Mr. Grubb as a reprint from

Engineering.

Mr. A. A. Common has mounted his new 36-inch silver-on-glass equa-

torial at Ealing, near London. It is described in "The Observatory,"

I
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III, p. 1G7, and Mr. Calver has given a very full account of tlic pro-

cess of figuring and silves-ing the mirror in the M. N. for November.

A new observatory has been founded at Kalocza in Hungary, by Car-

dinal Archbishop Haynald. Dr. Charles Braun is the director, and

the chief instrument is a 7-inch refractor by Merz.
Another private observatory has been constructed at Plonsk, about

37 niik^s from Warsaw, by Dr. Jedrzejevicz. The principal instru-

ment is G.4 inch refractor by Steinheil, to be used for observations of

double stars.

The new observatory of Queen's College, Cork, though furnished only

with small instruments, promises to become one of the most remarkable

astronomical institutes existing, on account of the unique character

and retined construction of its instrum(;nts. These have been de-

scribed at some length in the Scientific Proceedings, lloyal Dublin

Society, by their constructor, Mr. IIoavard GRrBB. The principal

instruments are an 8-inch equatorial, a 5-inch transit circle with 20-inch

circles of glass, and a 4-inch siderostat of novel construction. The tel-

escope of this instrument points towards the south pole, and carries

outside the object-glass a plane silvered mirror, which, by the rotation

of the tube round its optical axis (either by hand or clockwork), will

keep the object under examination in the center of the field.

An observatory is being built on the site of the "Casa degT Inglesi,"

on Mount Etna, 9,650 feet above the sea. It is only to be inhabited

during the months of June, July, August, and September ; and the 12-

inch lens, by Merz, is then to be brought to Catania, where there is to

be a duplicate mounting for it. The observatory is to be devoted to

solar work, for which its high elevation, according to the experience of

Prof. Tacchini, as also of Prof. Langley, makes it especially suited.*

M. BiscHOFFSHEiMisbuildinganewobservatoryatMontdesMignons,

Mce, of which M. Perrotin, of the Paris Observatory, has been ap-

pointed the director. A sum of 900,000 francs is to be spent on it.

It is now more than five years since James Lick, of San Francisco,

placed in the hands of trustees the sum of 6700,000 for the purpose

of erecting and equipping an observatory near the Pacific coast, which

was to constitute the Lick Astronomical Department of the University

of California.t The site originally chosen was at Lake Tahoe; but

afterwards a series of experimental surveys was made, with a view

of obtaining the best location in an easily accessible place. Finally,

Mount Hamilton, in Santa Clara County, about 50 miles southeast of

San Francisco, was chosen, and negotiations were opened with the

county authorities for the building of a road to the summit. More than

1,500 acres of land were secured for the observatory, only a small por-

tion of which is essential to the immediate needs of the buildings, but

* A plan of the observatory is given iu Nature, xis, p. 558,

t The following caccounfc is borrowed from The Kansas City Bcvicw of Science and In-

dustry, Vol. III., p. 482. (December, 1879.)

3h
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the residue will be utilized for pasture, and for fuel and water-supply.

The steep and broken character of the ground renders a large surface of

land necessary for the adequate protection of the observatory from fire

and intrusion.

In order to observe the transit of Venus in 1882, the Lick trustees

have secured a 12 inch refractor, made by Alvan Claek & Sons, who
are to make a 36-inch refractor later, A 4-inch transit instrument has

been ordered from Fauth & Co., Washington, to be mounted in 1881.

A plan for the buildings has been made by Professors Newcomb and

HoLDEN, in which the library, study, computing and sleeping rooms

are to be attached to the main building, and the dwelling-houses, etc.,

will be close by, on a shelf of the hill lower down.

The second volume of Oppolzer's "Lehrbuch zur Bahnbestimmung
der Kometen und Planeten" has appeared in October last, nearly ten

years after the first volume. Such a work was indeed a desideratum.

The book enters into the most minute details, and gives examples fully

worked out to an extent which neither Watson's excellent "Theoretical

Astronomy," nor the shorter, though in some parts more comprehensive,

•'Theoretische Astronomie" by Klinkerfues, have attained.

Mr. Stone haviug been ai^pointed to the Eadcliffe Observatory, Ox-

ford, Mr. Gill succeeded him as Her Majesty's Astronomer at the Cape.

Mr. Gill imrchased Lord Lindsay's heliometer, with which he had al-

ready done such excellent work himself, and had it mounted on a new
stand by Mr. Grubb. He intends to appl}^ this instrument to investi-

gations on the parallax of some stars having large proper motions, and

to researches on southern star-clusters. Dr. Elkin, of New Orleans,

goes to the Cape as assistant to Mr. Gill.

Prof. HoLDEN has been appointed director of the Washburn Obser-

vatory at Madison, Wis., in the place of the late Prof. James C. Wat-
son.

instruments.

Alvan Clark & Sons, of Cambridgeport, have now on hand, in all

the various stages of completion, a most interesting collection of large

refractors, to say nothing of a number of glasses of 8 inches or less di-

ameter.

The lenses of the 23-inch equatorial for Prof. Young, at Princeton,

are receiving the finishing touches, and have already shown a remark-

able degree of perfection. The glass was cast by Feil. The mounting

for this instrument is well advanced.

A IG-inch objective for Prof. Swift, of the Warner Observatory, is

finished, and the mounting nearly so. This glass is of English manu-

facture.

The IMcCoRMiCK glass of 26 inches aperture, made at the same time

as the Washington refractor, and intended for the University of Virginia,

is still in the shop and has been completed for several years, while the

mounting requires but comparatively little additional work.
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Two 8-incli refractors have been ordered and are partially finished

—

one ordered by Prof. Young for the seminary at South Iladley, and the

other by Dr. Engelmann, of Leipsic.

The flint glass disk for the SOinch telescope, ordered by Struve for

the Eussian Government, has been received from Feil, and the crowu

glass is expected shortly. The mounting for this will probably be made
abroad.

For the Lick trustees a 3G-iuch refractor is ordered, but it will not be

completed for several years. A 12-inch equatorial for observing the

transit of Venus is nearly finished, and orders have been received for a

5-inch photoheliograph and a smaller comet-seeker.

In all or nearly all of these instruments the cell of the object-glass is

arranged so as to separate the lenses by several inches and allow a free

circulation of air between them, as well as to afl'ord an opportunity of

readily reaching the inner surfaces of the glass. This device is adoi^ted

in the hope of bringing the temperature of the glass as nearly as pos-

sible equal to that of the external air, but it remains to be seen if it is

really advantageous.

A new 10-inch equatorial, with an object-glass by IMerz, has been

presented to the Geneva-Observatory by its director, Prof. Emil Plan-

TAJMOUR. It is to be devoted to observations of the major planets aud

their satellites, of parallax of stars, and of double stars, with occasional

observations of minor i^lanets.

ASTRONOMICAL EIOGRAPHY, BIBLIOGRAPHY, ETC.

The first number of the new International Journal of Afitronomy—
Urania, edited by Drs. Copeland and Dreyer, contains in a very con-

venient form of 24 demy 4to pages, a number of interesting articles.

Among others, are the following papers: "Observations of the Spec-

trum of Comet 1880 d. (Hartwig) at Dun Echt," by Copeland and

Lohse. "A New Planetary Nebula," by Dr. Copeland.* "Observa-

tions of Comets 1880 b, c, and d, at Dun Echt. " Uber die Autlusung

der Lambert'scheu Gleichung fur Parabolische Bahnen," by Professor

Klinkerfues.
A special reference should be made to the new arrangement given to

the tables of the American Ephemeris for 1882 by the superintendent,

Prof. Newcomb, by which it has become the most convenient of astro-

nomical almanacs. It should have a short Index added to it.

"Obituary Notices of Astronomers" is the title of a little book by

Mr. DuNKiN, in Avhich are collected some obituary notices of Fellows

and Associates of the K. A. S., mostly written for the annual report in

the Monthly Notices, but revised, and some of them partly rewritten.

"liepertoire des constantes de I'Astronomie, par M. J. C. IIouzeau,"

occupies 271 pages in Ito of the Annates de I'Observatoire lioyal de

Bruxelles, Nouvelle Serie, T. I. This is a most wonderfully useful pub-

*Tliis is, liowevcr, uot a ucw one, liaviug been discuvered by Mr. Burxuam, iu 1873.
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lication, aud it is hard to understand bow astronomers hitherto have

managed to get on without such a handbook; it is only a great j)ity

that it has not been published in the shape of a handbook, but in a

place where it will not be easily accessible to many people. It gives

in twenty chapters, chronologically arranged, lists of all the different

values of astronomical constants, which have been jiublished from the

earliest times and down to 1877, in all cases describing the w^ay of find-

ing the i)articular value and adding exact references, by means of which

any one can find out for himself all about any value. And more than

that, the titles of the principal books and memoirs relating to any sub-

ject within the range of the repertory are also given, but completeness

is not aimed at in this respect. The lists of constants are very com-

'

plete and nearly always correct, and critics of M. Houzeau's work must
first show that they could do better that which is extremely well done.

M. HouzEAU, who by this excellent piece of work has shown himself

eminently familiar with astronomical literature, ancient and modern,

aud who already in his "Catalogue des Ouvrages d'Astronomie et de

Meteorologie qui se trouvent dans les principales Bibliotheques de la

Belgique" (1878), has given a very convenient bibliography, is publish-

ing a " Bibliographie generale de PAstronomie" in conjunction with M.
A. Lancaster, of the Brussels Observatory^ This work is to be divided

into three parts, Books, Memoirs, and Observations, and will be a most

useful guide in the literature of Astronomy.
An index to the records of observations, etc., outside the ordinary

routine work at Greenwich, was x)rinted in the Monthly Kotices (xxxix,

p. 505).

A complete " Subject-Index to the Publications of the U. S. Naval
Observatory from 1845 to 1875," 74 pages 4to, by Prof. E. S. Holden,
is published in the Washington Observations for 187G.

A list of books and memoirs on celestial spectrum analysis, by M.

Fievez, appears in the "Anuuaire de I'Observatoire de Bruxelles" for

1879, pp. 255-338.

To commemorate the centennial of the discovery of Uranus, we have

"Sir William Herschel, his Life and Wor^is," by Prof. Holden, of

the United States Naval Observatory, Washington.
In 1847 De Morgan wrote: "The clear and powerful results of

William Herschel's mind lie buried in the FhilosopMcal Transactions^

inaccessible to the larger portion of those who might learn from them

to form a true taste in si)eculative astronomy, and a true notion of the

state of our knowledge of the fabric of the universe."

Thirty years after this was written, and two generations after

Herschel's death, there is still no readier means of studying his

works than' the original volumes of the Transactions, now become rare

and costly. And what is perhaps more widely noticeable outside the

circle of special students, there is still no biography of the greatest of

practical astronomers and one of the most profound x>hilosophers in
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modern times. The discoveries recited in Herschel's wonderful series

of memoirs have now become part of the common stock of knowledge

;

even the most casual reader will care to know how they came about.

In seeking to supply for special students the first of these great

wants, by A Synopsis of the Scientific Writings of Herschel,
now publishing by the Smithsonian Institution at Washington, which he

has written in connection with Dr. Hastings, Prof. Holden has been

led to supply the second also, for the more general reader, in the biog-

raphy above named.

An account of Part II of the Cafalogus Librorum of the Pulkova ob-

servatory must be deferred until the next year, this important work
having but just reached this country.





GEOLOGY.

By George W. ITawes, Pli. D.,

Curator in the National Museum.

SURVEYS.

Onr National and State g-overnments have never failed to appreciate

that the questions to l)e answered by geological investigation are so

numerons, and of importance in so many directions, that jinblic aid

slionld be given snch studies in order to render them systematic and

more nearly complete. That we remain most ignorant of the structure

and geological resources of some of the oldest and ablest States is, how-

ever, a fact which will attract attention. The investigations that have

been made during the past two years have aided much in developing a

knowledge of the natural history and resources of wide areas. The State

of Pennsylvania, for example, has, through its geologist, Professor Les-

ley, published now in all, since 1875, forty-two volumes, seventeen of

which appeared during the last year. This may serve as an example of

the zeal with which investigation in thisdepartmeut of science has been

l)rosecuted. As the amount of work produced is dependent upon the

working force, a statement of some of the more important events that

have influenced the public surveys will be given.

Before the past year the surveys patronized by the national gov-

ernment had been prosecuted by parties working independently under

the supervision of ditferent executive departments. Although much
of the work produced by these various surveys was acknowledged

Aaluable, it was thought by many that if they were consolidated and

placed under one head, this would be of weighty importance in caus-

ing the work to be more systematically done, and would also prove

an economical measure. A committee of the National Academy of

Science, to which this matter was referred, reported to Congress that

they advised all government surveys to be consolidated under two

heads : 1st. A survey of mensuration, by which the work i>reviously

done by the coast, and geodetic, and land surveys should in the future

be done ; and 2d. A survey to which should be referred all questions

relating to the geological structure and natural resources of the public

domain. This resulted in the organization of the present United States
2-21
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Geological Survey, and the withdrawal of appropriations from all pre-

viously existing surveys. There was much discussion and some feeling

excited in the selection of a suitable director for this survey, though the

appointment of Clarence King, w^ho is so well and favorably known for

his excellent geological work upon the fortieth parallel, produced gen-

eral satisfaction. He immediately organized a working force for geo-

logical investigation in the public domain, and although the new survey

has as yet made no reports, the well-known ability- of the gentlemen who

are at work in this field is an assurance of many and valuable contribu-

tions to science. In the mean time the old surveys have been permitted

to finish their work, and the result is the addition of several volumes to

the geological literature treating of the Western Territories.

Several of the State surveys have issued volumes. The work of the

large and active corps engaged upon the Pennsylvania survey has

been already noticed. If in speaking of this and other work by surveys

I am unable to give any details of their interesting discoveries on ac-

count of their number, it is none the less important to draw attention

to the volumes from which information can be obtained upon the struct-

ure and resources of some of our most important territory from an

economic standpoint.

The Wisconsin survey has published a large and valuable volume,

which contains work by Irving, Pumpelly, Brooks, Wright, and others,

and which gives much information concerning Lake Superior formations

and their constituent rocks. The nature and origin of the Lake Supe-

rior iron ores and copper ores have always been subjects of much inter-

est. Foster and Whitney early examined and reported upon these de-

posits, but for many years tlie testimony of students has been such as

to convince that, in opposition to the views of Foster and Whitney, the

iron ores are metamori^hic strata, and that the copper was introduced

into the diabases and sandstones by solutions of copper salts and there

reduced to metal and deposited. Mr. M. E. Wadsworth, however, has

reopened the question, by having reached the conviction that the iron

ores are eruptive rocks, as advocated by Foster and Whitney, and that

the copper also was an accompaniment of the eruption of the diabases.

Although few are found at present to agree with Foster and Whitney, it

is thus seen how difficult it is to establish beyond dispute even the sim-

X^lest questions of geological structure. The volume on Wisconsin

geology treats the iron ores as metamorphic schists, and contains a

great deal of careful lithological and stratigraphical work.

It will be remembered that the geological survey of California, which

was long directed by Prof. J. D. Whitney, has been discontinued.

What the State refused to do has, hovrever, been pushed forward by

the private enterprise and energy of Professor Whitney, aided by Har-

vard College. His volumes upon the auriferous gravels of the Sierra

Nevadas is a very valuable contribution to science, since it treats of the

gravels from a geological standpoint, and also of the modes of working
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them. The author still holds fast to his opinion that the celebrated

Calaveras skull, which was found by hiui beneath the lavas and gravel

of the Pliocene formation, really was deposited with these gravels, and

is confident that he was not deceived. He is confirmed in his opinion

by the appearance of the skull and the testimony of others who have

examined it. On the other hand Hughes, Dawkins, and others are

convinced that all evidences of man's existence on the European conti-

nent before the pahieolithic age are very unsatisfactory, and the age of

the Calaveras skull is a thing which e^1;n those who believe in its antiq-

uity will wait to see confirmed.

The Ohio survey has, under the direction of Prof. J. S. Newberry, pub-

lished a large volume and an atlas ; Alabama, New Jersey, IMinnesota,

Indiana, Virginia, Kansas, and the Canadian geological surveys under

direction of their respective heads, have issued volumes and reports

which render knowledge concerning the structure and resources of these

areas accessible.

There has been a considerable amount of work done in the mean time

by individuals. It is to be considered as probable that such work will

always take high rank in value, because it is undertaken only on account

of deep personal interest, and is more limited in extent, and therefore

often more thorough. Much of the work referred to beyond is the

result of j)rivate enterprise.

STRATIGRAPHY.

The great mass of the communications to geological science from this

country have dealt with stratigraphical geology. The volumes of sur-

veys to which I have referred have been shown to be so numerous that

I can do no more than to simply indicate that there has been great pro-

gress in the development of detailed knowledge of the stratigraphical

arrangement all over the country. I may recall in this connection the

Avork of Professor Dana, by which the so-called Taconic system of schists

are shown to belong to the Hudson River period. The age of this sys-

tem of rocks, which is of much importance in Green Mountain geology,

has been long a matter of dispute, and has been discussed by very many
able geologists, and this is not the first time that Professor Dana has

expressed his opinion upon this point. His studies have also led him to

think that the limestones of Westchester County and Xew York Island

and the associated metamorphic rocks are of lower Silurian age, as are

also the limestones and very likely the associated schists of the Green

Mountain region. These conclusions, if they are agreed in, must be of

very great imi)ortance, for at the present time it is generally considered

here and abroad that the presumption is in favor of the Archasan age

of a thoroughly crystalline schist. Note, for example, the German

nomenclature of the Archoean formation. Its lowest member is the

^'Urgneiss" formation, and its next member is the " Krystallinische"

or the "Urschiefer" formation. The recognition of a whole system
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of Silurian crystalline rocks would certainly produce a radical change
in the existing opinions of many geologists. It is indeed recognized

that fossils have been found among crystalline rocks, but since the

lowest formations are crystalline, and the lowest of all are gneisses,

in the absence of fossils among such rocks they have been called

Archaean. This has been much to the convenience of the geologists

and much to the benefit of system. Geologists are slow to change their

convictions, therefore, on this point, because also some crystalline schists

of claimed modern age, as, for 'example, among the Alps, have been

proved to be not so. The unaided work of Professor Dana must be

considered as an important contribution to the literature of this subject,

as also to jSTew England and IS^ew York geology. One can not but be

struck by the fact that while the stratigraphy of the fossiliferous forma-

tions of Xew York were worked out in such a masterly manner as to

give the nomenclature to American geology, the crystalline formations,

both as regards their lithology and their stratigraphy, were left as a

comxjletely unsolved riddle.

VOLCANIC PHENOMENA.

The violent eruption of Mount Etna has been the most important

volcanic event of the year. This is not because it was so especially

grand or remarkable, but Etna and Vesuvius have been longer and

more critically studied than any volcanoes on the earth; and conse-

quently every minor event connected with these volcanoes, situated so

near centres of scientific learning, is very important, while an eruption

of any volcano in distant lands is less interesting only because less

studied. When early in May, 1879, it was announced that Etna was in

eruption, hours had not elapsed before eminent scientists were en route

from all parts of Europe. The lavas were not cold before they were

analyzed and microscopically examined ; and the number of independent

works which have followed one another, treating of the phenomena and

products of this eruption, has been so large as to show tbe acute

expectation with which the operations of this great volcano are watched.

The material erupted formed very large lava streams, which crystallized

into an augite andesite. Professor von Lasaulx, of Kiel, has recently

edited the extensive work of Sartorius von Waltershausen on Etna,

and has completed it and added numerous observations of his own.

Vesuvius has also had its eruption, and this has strengthened the

opinion of some who think that there is some connection between this

volcano and Etna. Mauna Loa has also had a grand erui)tion, and the

volcanic glasses of the Hawaiian Islands have been studied by Cohen.

But perhaps the most interesting eruption has occurred near us, and

has been described by Mr. Goodyear and by a commission sent out by

the Government of Guatemala. In December, 1879, an earthquake

occurred at San Salvador which filled the earth with cracks, broke the

telegraph wires, shook down hills, produced great land slides, and opened
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a volcanic vent in the midst of a lake, about which a large island imme-
diately proceeded to build itself. The lake is called the Ilopango See,

and is nine kilometers long and seven kilometers wide. The level of its

waters was raised before the eruption to such a degree as to make a

flood in the valley of its outlet; and its waters were so heated and im-

pregnated with sulphureted hydrogen as to exterminate the fish, which

were very abundant in the lake. The dead fish were buried with great

labor and expense, in order to avoid pestilence. Tlie volcanic cone in the

lake repeatedly grew to considerable dimensions, and was as repeatedly

blown to pieces. This lake is surrounded by volcanic cones, and re-

minds one of the well-known Laacher See, which, however, has no out-

let. One looks forward to the time when volcanic phenomena near us

will receive the critical and continuous study which alone can make
them of extreme interest.

Some other European volcanoes beside Vesuvius and Etna have been

monographed. The work of F. Fouqu6, aided by the French Govern-

ment, on Santorin and its erui^tions, is one of the most beautiful and
complete treatises which has been devoted to a volcano. The topog-

raphy of the island, the history of all the eruptions, records of which

exist in history, outlines illustrating the various changes that have

taken place in the form and extent of the island, and beautiful pictnres

of the microscopic sections, illustrating the mineral composition of the

various eruptions, all combine to make an interesting and instructive

volume. Santorin is a crescent-shaped island in the Grecian Archipel-

ago. It has several craters, part of which are submarine. The last

eruption occurred in January, 18GG, which materially increased the

size of the island. This, together with the other historic and the pre-

historic eruptions, are treated in much detail; and the 440 pages of this

quarto volume show how greatly science is enriched by careful study of

snuill areas.

LOESS.

The question of the origin of the loess formations has excited much
interest. Loess is that very fine-grained calcareous unstratified deposit

which occupies the river valleys of many rivers, notably the Rhine. It

is characterized by the inclusion of the shells of land snails, and by
concretions of limestone, which take very peculiar shape, looking very

much like potatoes, but liable to take any form. The Germans call them
loess dolls. This deposit is so firm in its texture that when a cut is

made through it, its walls will not crumble and wash away, as do the

walls of ordinary loose material, but for years they will maintain their

vertical surfaces, and preserve marks that are made in them with knives

or walking sticks. Indeed, names and i^ictures carved an these loess walls

form one of the characteristic fossils of the formation. Von Richthofen,

who knew this formation well, has shown that it, or a like formation, exists

over large areas in the Asiatic interior, and he has considered that it is

S. Mis. 31 15
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there a wind deposit, and lie extends tbis explanation to the loess in the

valleys. Pumpelly, who has also had opportunity to see these deposits

in the dry steppes of Asia, has agreed with von Eichthofen, but his dis-

cussion of the question and the application of the theory to the formation

in the Mississippi Valley, incited dissent from Winchell, Hilgard, Broad-

head, and Todd, all of whom are familiar with the formation in the Mis-

sissippi Valley, and who all agree that no aeolian hypothesis will explain

the accumulation of this material, and they consider that the facts show

that it was gathered in quiet fresh waters, though salt-water shells are

not entirely absent. They show that the Mississippi formation is iden-

tical with that in the Rhine Valley, and possesses all its strange pecu-

liarities, and that hence this river valley formation was not made of

drifting sands anchored by grass, such as accumulates upon the steppes

and deserts.

DRIFT.

Another of the great unsettled problems is the origin of the drift

that is, there still remain advocates of opposing theories. Credner does

not hesitate still to refer the drift that covers our northern lands to the

action of floating ice, nor is he alone in his opinion. Mr. Upham, who

worked uj)on the surfoce geology in Xew Hampshii'e, in connection with

the geological survey, has traced what he considers the terminal

moraine of the great glacier sheet that covered the northern portion of

America, almost across the country. He finds this terminal moraine

stretching along Long Island, westward across New Jersey, and thus

onward. He finds remains as well of a second parallel moraine, far-

ther to the north, which marks a stage in the retreat of the glacier.

It is worth remarking that the drift deposits which cover the extensive

Xorth German plain have been subjected to much and careful study

during this period. The character of the bowlders, which are largely

identical with Scandinavian and Finland rocks, have been much studied,

and those works which have attracted most attention, notably that of

Berendt, do not attempt to explain all facts by referring them all to an

unyielding system. Rather, the facts tend to confirm a belief in the

alternations of the action of floating ice and glacier, and distinctions

l5etween the undoubted action of the one and the other are clearly rec-

ognized. By Mr. Upham, as by most recent students, the eftects iu

America have been mostly referred to the action of an immense glacial

sheet, with local tributaries, and to the rush of waters attendant upon

the melting of this body of ice.

COAL.

Small deposits of coal have been found in various geological horizons

lower than the carboniferous. For example, anthracite of silurian age

occurs on the Isle of Man, and is supposed to have been formed from

an accumulation of algie. It has been found in the graptolite bearing
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Silurian schists of Scotland, Ireland, Portngfal, and also in Xew York
State. But Inostranzeflf has shown that a large bed of anthracite,

which is worked on a large scale in the Saoneshje region of Eussia, be-

longs to the Huron age. He finds four kinds of carbonaceous mate
rial, and among these graphite is found. This carries the coal period

back into the archcean, and is interesting as throwing some light on the

formation of the graphitic schists. There is, then, no break in the line

of coal-bearing rocks between the crystalline schists, and the rocks

bearing tertiary lignites or the recent peat beds.

The Pennsylvania geologists do not think that position, with reference

to the disturbing forces that have elevated the Appalachian Mountains,

will alone account for the formation of anthracite. The coal deposits

do indeed become more bituminous to the west, but not in such prox)or-

tion as would be expected if disturbance were the cause. The character

of the strata which cover them, and the depth of burial, are of much
importance in determining the present nature of coal beds.

CLAY SLATE.

The origin of slaty cleavage, except so far as that it results from press-

ure has never been settled. Sorby mixed micaceous hematite with clay,

and by pressure he caused these scales all to assume a common posi-

tion, and he argued that such pressures, acting in given dn^ectious, could

give the structure to any of the schists, and cleavage to the slates by

simply arranging elongated or flattened particles. Tbis experiment has

often been repeated with various modifications, and it surely is a fact

that such i)ressures acting as indicated have produced many features

that we see in the rocks. Tyndall, however, considered slaty cleavage

a result of the flattening of particles. Mr. E. W. Hilgard, with agri-

cultural ends in view, has made experiments upon the flocculation of

particles, and he shows that fine sediments suspended in agitated water

tend to flocculate, and form little masses which, acted upon by compres-

sion, are easily flattened. He, therefore, is strongly of the opinion

that Professor Tyndall is correct. It may farther be said concern-

ing clay slates, that microscopic study lias tended to modify exist-

ing opinions concerning these. They have been usually considered as

hardened indurated clays, and classed among fragmeutal rocks. The

microscope reveals in these rocks, however, crystalline elements which

Kalkowski has thought he proved to be staurolite, and which have been

thought by van Werveke and others to be of rutile. The fragmental

nature of the rock is very difficult to establish, and with these evidences

of crystalline structure there is no reason to think that most slate is

anything more than an excessively fine grained kind of mica schist,

made perhaps by the same forces acting in a less efficient manner.

CRYSTALLINE SCHISTS.

I think it can be said that but little progress has been made during

the past two years in the study of the crystalline schists, so far as the
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theory of their origin is concerned. The same old arguments of the

metamori^hism of sediments are advanced, and they are met by the

same objections. One would frequently be tempted to think, on read-

ing treatises that deal with this subject, that the matter was clearly and
well understood, yet there still remain many able scholars to whom "the

crystalline schists remain," as Inostranzeflf says, " lithological hiero-

glyphics."

Moreover, the study of the rocks themselves has been in a backward
state. Lithologists have now for years been very busy investigating

the eruptive rocks, and the result is that volumes of interesting infor-

mation concerning their nature and composition have been issued, and

a system of classification devised, which, if not satisfactory to all, is at

least suited to the wants of the time. IsTo very systematic work has

thus far been attempted on the schists, and the subject is in a rather

chaotic condition. Yet it can be said that more studies have been made
on local groups of schists during the past two years than ever before,

and many new and interesting varieties have been found, and many facts

accumulated for future systematization. The following circumstances

may be considered as interesting, and may indicate the character of the

work performed.

Olivine has been shown to be a constituent of some hornblende

schists by Kalkowsky, and a great group of stratified olivine rocks,

which occur in Sweden, have been shown by Reusch, and afterward by

Brogger, to belong to the crystalline schists. The time was when oU-

vine was considered as especially characteristic of eruptive rocks, but it

may be considered that it is very far from being confined to this group.

The very abundant occurrence of rutile in the schists has been shown

by several writers, notably by Sauer. This has provoked much discus-

sion, since some minerals, previously referred to Zircon, are probably of

Tutile. Zircon is, however, sometimes a constituent of the schists. Mr.

van Werveke thinks the heart-shai^ed crystals in the whetstone schists

may be of rutile.

It has often been assumed that the rocks composed of triclinic feld-

spar with members of the pyroxene and hornblende group were mostly

eruptive. Even plainly stratified rocks of this kind have been con-

sidered as lava overflows or tufts. Many studies have been made
in the period under consideration which show that such rocks occur

abundantly among the stratified schists. Benecke and Cohen describe

such in the neighborhood of Heidelberg, and Rolle a whole series of such

from the Rhiitic Alps. Fouque and Levy describe such under the name
of Amphibolite gneiss; Stelzner such from Lapland, and yet many
others have been mentioned. It will be remembered that this is a sub-

ject in which Professors Hunt and Dana have in times past taken much
interest, and the group of crystalline schists is now generally regarded

as including rocks of this class. This is an advance.

Several efforts, notably by A. Sauer, have been made to show that
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bowlders exist in gneiss. The theories as to the original method of

accumulation of gneisses would be modified by this demonstration.

There still remains, however, too much diversity of opinion concerning

what constitutes a gneiss. It is generally known that a purely eruptive

granite can assume a stratified structure, and many writers are not clear

enough in dividing such stratified granites from the group of crystalline

schists. Little progress will be made till this is done. A gneiss with

bowlders might be a stratified granite, and granites are liable enough
to include strange rocks.

One writer has even urged that gneisses are tuff rocks. He recalls

that the moon's surface, upon which water has not worked, is entirely

covered with eruptive rocks and volcanic products, and argues there-

from that our oldest rocks must have been volcanic. No one knows,

however, what were our oldest rocks, and it is generally supposed that

the primitive rocks were early and finally buried beneath their own
sediments.

In the mean time Lehmann, Heim, Baltzer, and still others have con-

tributed to our knowledge of the mechanical distortion, the softening

and recrystallizing of pebbles and solid rock masses by geological agen-

cies.

Schists intersected by the Gotthard tunnel, schists from the Fichtel

and Eulengebirge, schists in the districts of all the geological surveys

have been studied and their mineral components determined. Thus
our knowledge of these rocks has been much extended, and one can

conclude that although no theories are generally adopted, a very long

step has been taken in gathering together details of information, which

will all be systematized at some future time.

LITHOLOGY.

1 The modern methods of lithological research and the results thereby

achieved have never received much attention in annual records, nor in

any popular publications. The dropx)ed thread can therefore scarcely

be with profit taken up as the science stood in 1879.

Lithology has always been recognized as an imi)ortant department of

geology, and the rocks were studied and systematized long ago. Now
that the methods are so much improved, and question-; of composition

are solved with such ease, it is only a wonder to the modern students

how the older students found out as much as they did. By the most la-

borious processes at least, the talented geologists of the past generation

investigated with great acuteness and often discovered with accuracy

the partial composition of the rocks.

The application of the microscope to lithology has now become an old

feature. The studies by Brewster on the gems and crystals, of Serby

Son crystals and on the cavities in the minerals of rocks, of Zirkel on the

basalts, and very many others, have long been classic. These studies

were made by persons of great experience and keen observational
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powers, who familiarized themselves with the objects that they studied

and learned to recognize them. The great step in advance, for the aid

of the new students, was made by Eosenbusch, who applied the optical

principles discovered and analyzed byDes Gloizeauxto the examination

of microscopic crystals as seen in extremely thin sections of rocks. Des
Cloizeaux having deduced the optical properties of all commonly occur-

ring minerals, these same properties were sought in the microscopic

sections, and the determination aided by a microscope adapted to the

purpose. The limited knowledge of minerals in general and the lack of

knowledge of optical properties, had been the reason why the suggestion

of Cordier, who in 1816 recommended the employment of the microscope

in geology, had never been to any extent followed. During these last

years a very respectable i)roportion of the geological literature published

in Germany has been devoted to microscopical lithology. The study

has reached a high state of perfection in France, but less of consequence

has ever been done by the English or Americans. These few words

may serve as an introduction to the progress of the past two years.

As one mark of interest in this subject, the change in the editorship

of iierhaps the most important geological magazine should be noted.

The '' Jahrhucli fur Mineralogie und Palwontologie," which for a half

century had been conducted by Leonhard, and later by Leonhard and

Geinitz, has now i^assed into the hands of a trio of editors, one of whom
represents mineralogy (Professor Klein, of Gottiugen), one palaeontology

(Professor Benecke, of Strasburg), and one of whom rej)resents inor-

ganic geology, and to this office Professor Eosenbusch, of Heidelberg, ,

the eminent lithologist, was called. These gentlemen have organized a i

corjDS of assistants in the various lands, and aim to make this periodical i

a general exponent of progress in the subjects that they cover. They

have issued two volumes during the past year, instead of one as hereto-

fore, and it is certainly very pleasing to the students to have recourse

to such an encyclopedic work now that mineralogical and geological

literature is so extensively published in a multitude of often inacces «

sible magazines and proceedings of societies.

The first treatise that has ever been written upon lithology in the

English language has appeared. There have heretofore, it is true, been

translations, notably of von Cotta's work, and little chapters in geology s

have been devoted to lithology ; but von Cotta's book is old, and the

chapters in geological works laid claim to few pretensions. The new
book is by Frank Eutley, and was published in London. To be sure,

it is very poor, and is mostly abstracted from the writings of Germans,

but it is beginning to be improved upon.

In this country, within the past two years, interesting miscroscopic

lithological work has been done by gentlemen connected with the Wis-

;

consin geological survey, and some initiative attempts have been made I

upon rocks in Pennsylvania and Massachusetts. I have already referred

to the first, and the latter are hardly in a condition to be reviewed yet.
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One of the most important additions to litliological literature dur-

ing the past two years is the vohime on Mineralogie 3IicrograpMque

Bodies Eruptives Francaises, hy Fouque and Levy. The vohinie, though

large, is, however, simply an introduction, and treats of microscopic

minerals and methods of investigation. The volume is accompanied by

a large atlas of fifty-five plates ; this contains lithographic and photo-

graphic reproductions of sections as seen under the microscope—pic-

tures which in beauty and accuracy have never heretofore been equalled.

A question extensively handled in this volume is the means for the

determination of optical properties iu chance ."sections, while the work of

Rosenbusch aimed more to show how one might find sections cut in defi-

nite directions, and then determine their optical properties. By a very

elaborate study, rouqu<5 and Levy deduce what properties sections should

have which might be cut in a multitude of ways through a crystal of

a given kind. This subject for the feldspars had been earlier opened

by Professor Pumj^elly, in our country.

Yet however accurate these calculations may be, and how far beyond

criticism are the results, there are many practical difficulties which will

cause this method to be applied only to a most limited extent. Much
more practical and fruitful iu results is the method which, though not

original with him, Thoulet has applied to the mechanical separation of

rock ingredients. A solution of the iodide of potassium will dissolve

mercury iodide, and the resultant fluid is heavier than the more common
rock ingredients, which consequently will float upon it. By addition of

water the density of this fluid can be reduced to any desired point, and

the various constituent minerals that compose the powder of a rock

which is thrown into and mixed with this fluid can be made to settle

out one by one iu a state of purity and fit for analysis. This method

has already yielded practical results ; one of these is the demonstration

that rocks are even more comiflex in mineral composition than had

been supposed.

This brings us back once more to the question of the feldspathic con-

stituent of rocks, which is of much importance, because feldspar is the

most generally distributed of all rock constituents. Many methods

have been proposed for their determiuation. Optical methods usually

allow potash feldspar to be distinguished from the other species, but

if more than one of the other kinds be i)resent, optical methods ouly

allow the one with greatest obliqity of elasticity planes to be detc^rmiued.

Consequently, rocks have been usually determined as being composed

of one species of triclinic feldspar with other minerals, or of one species

of triclinic feldspar with orthoclase and other minerals. Fouque, in his

work on Santorin, indicated that the feldspathic constituent of rocks

was more complex, and the application of the specific gravity fluid bids

feir to i^rove that this comjilexity is quite general.
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CONTACT PHENOMENA.

But the determiuatiou of the mineral composition of rocks is not the

highest end of microscopic work. The mere enumeration of the compo-

nents of various stones can i)rove wearisome in the extreme. When
the microscope comes to aid in the sohition of geological problems, then

its developments become of the greatest interest. It has been applied

with greatest success in the study of the changes induced on schists and

stratified rocks by the influence of eruptive masses. The study of these

so-called contact phenomena had been pursued by students such as

Daubree and Lossen, in the field, with most satisfactory results, but it

never became so interesting as when Rosenbusch applied the microscope

and chemical analysis to the study of the rocks that lay against the gran-

ites in the Yosges.

Another remarkable case of contact has during the past year been

studied and described by myself. In the celebrated Crawford Xotch of

the White Mountains an immense mass of granite, many square miles

in extent, comes in contact with an area of hydrous schists. If one ap-

proaches this contact from the side of the granite, most marked changes

are seen to take place, and changes of such a nature that the granite

would not be recognized as such in the neighborhood of the contact. In

fact, it becomes a quartz porphyry. But the microscope and analysis

prove that it is the same granite only modified in the style of its crys-

talization by the quicker cooliug induced by the cold walls. On the side

of the schist, however, not merely have the rocks been physically altered

by the heat of the granite, but they have been materially' altered in com-

position, and filled with new minerals by reason of an impregnation with

vapors and solutions brought up and forced far into them by the eruption

of the granite. The granite upon the contact is mixed with fragments

of various kinds of schist which were torn from the walls as the molten

rock ascended, and the granite has in places thrown long arms out into

the schist. There are seven distinct zones marked by different minerals

and structural features between the granite and schist, and these zones

have definite boundaries and owe their origin to the contact. This

same granite in meeting the schists at another i)oint has induced the

same series of zones, but the zone of mixed schists and granite is moun-

tain great, forming, in fact, Kearsarge and Moat Mountains. I speak of

this study as a stage of progress because contact phenomena have re-

cei\ ed little attention in America, and the features that determine the

eruptive nature of a granite have been ill defined. Granite means al-

most anything in this country, and most of the granite masses, including

this one, have by some been classed among metamorphic rocks. Internal

structure and lines of stratification, which granites frequently present

have been considered as evidences of sedimentary and metamorphic ori-

gin, although it is well known that volcanic products are often stratified.
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Evidences of the origin of many such rocks are to be obtained by the

study of contact i^henomena, and the true line of division between gran-

ite and gneiss is to be thus deduced.

EXPERIMENTAL GEOLOGY.

There has of late years been much less interest felt in speculative ge-

ology ; or rather, it has been the tendency to bring geological phenomena
more easily within the limits of common comprehension by showing that

analogous effects can be produced by very simple causes that are within

oar control or limits of our observation. The great work by Charles

Lyell on the principles of geology, in which he showed that the geo.

logical forces that are daily active about us, if allowed to operate a sufli-

cient time, would produce the results that are described by geologists

was a great move in this direction, and students have been ever more
and more active in attempting to reproduce phenomena seen in nature

in the laboratory. Daubree, who has been very active in this direction,

has brought together all his researches into a single volume, which he

calls " Synthetic Studies upon Experimental Geology." Here one finds

the results of his celebrated studies on the minerals formed by the hot

water in the old Eoman baths, on the minerals formed in sealed tubes

containing very hot water, and on the production of minerals by pro-

cesses of sublimation. Here, also, are detailed the results of experiments

designed to stratify plastic materials in imitation of rocks, to joint and

cleave rocks as it is done in nature, and results of experiments designed

to form artificially products of the nature and composition of meteorites.

The book is a fascinating one, and contains in addition many new facts.

Besides this voluminous work, many contributions have been made

to experimental geology, some of which are referred to under the head

of mineralogy. It is proper to notice here the circumstance that

Fouque and Levy have accurately reproduced leucitic lavas like those

that have issued from Vesuvius, as well as nephelin-holding and other

common volcanic rocks. This is interesting, because leucite passes as

an infusible mineral, and for this reason, and because it is not always

the first mineral to crystallize in these rocks, the question has been dis-

cussed whether these lavas result from a purely igneous fusion. So far

as the possibilities of the case are concerned, the question may be

regarded as settled.

EOZOON CANADENSE.

Perhaps no question in American geology has excited such long and

bitter controversy, participated in by students who have considered it

from such varied standpoints, as the question of the organic or inorganic

nature of this form that has been found in the rocks of various lands.

Those who have believed in it most fully have been those most familiar

with its mode of occurrence, and this has always strengthened their

case, supported as it has been by eminent zoological authority. Yet
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mineralogists have never found it diflBcult to explain its formation by

purely inorganic forces. Perhaps the question has never been so near

settlement as when, shortly ago, Karl Mobius, professor of zoology at

Kiel, published a most exhaustive study of specimens obtained in part

from the original describers. He concluded, after careful microscopic

study and comparison with assumed allied forms, that there is nothing

to justify the supposition of its organic nature. His opinion was, in-

deed, not of sufficient weight to convince those of fixed opposite opinion,

neither will probably agreement be ever reached in this generation, for,

as the believers in it say, tlie evidences are before us and we have but

to form our judgment.

SUBMARINE GEOLOGY.

Mr. Alexander Agassiz, incidentally to his work of dredging in the

deep waters of the Atlantic, has found that shallow waters connect the

West Indian islands with the South American continent, and this,

together with the notable fact that the flora and fauna of these islands

are related to those of Central America, and not to those of the southern

United States, indicate that in past time these were very probably a

part of the southern continent. This may be considered as another

addition to geology, gained by the investigation of the ocean's bottom,

so many of which were gained by the British expeditions. Professor

Verrill has found tertiary fossiliferous rocks by dredging oft" the north-

ern coasts.

CHEMICAL GEOLOGY.

The work upon general and chemical geology by Justus Both, one

volume of which is now issued, will be a most important addition to

literature. This first volume treats of the formation and decomposition

of minerals, of spring, river, and sea water, and their depositions. It

contains in abstract, with references, all the work which, up to the pres-

ent time, has been done upon these subjects, and contains, besides, many
original contributions. Indeed, this work promises in all its parts to

form a kind of compendium of the science, which is much needed.

AMERICAN ASSOCIATION.

The American Association for the Advancement of Science met this

year at Boston, and the number of papers presented upon geological

and mineralogical subjects was so large that a permanent subsection

was organized to accommodate those especially interested in these sci-

ences. The election also of Professor Brush, one of our most distin-

guished mineralogists, to the office of president of the association is an

indication of the appreciation by the association of labors in these

departments.
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By George F. Barker,
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GENERAL.

Great activity has been manifested in physics during the years

1879-'80. New and important discoveries have been made, improved

modes of research have been devised, greater accuracy has been at-

tained in measures of precision, and more uniform and precise stand-

ards have been adopted as units. Sainte-Chiire Deville and Mascart

communicated to the International Geodetic Association an elaborate

paper describing the construction and giving the properties of the new

platinum-iridium standard of length. The alloy was made by Johnson,

Matthey & Co., by fusing together 450 ounces of platinum and 55

ounces of iridium. After suitable working, it was drawn through a

draw-plate into abar accurately rectangular in cross-section. Its density

now was 21.51 ; and it was found to contain platinum 89.41, iridium

10.19, rhodium 0.17, ruthenium O.IQ, iron 0.06. This alloy is harder and

more resistant than platinum, is much more rigid, and has a high elas-

ticity, its modulus being 21,912,000,000, and its elongation-coefficient

0.0003. Its coefficient of expansion was in course of determination by

Mascart, the elaborate prehminary measurements only beingdescribed.—

{Ann. Ghim. Fhys., V, xvi, 506, April, 1879.) 0. S. Peirce has reported

progress in the comparison of a wave-length with a meter. Usiug a

Rutherford ruled plate of 340^ lines to the millimeter, three complete

measures ofVan der Willigen's spectrum line :So. 16 gave for the angle

of double deviation as a mean 89^ 54' 19".5 An error of 0".4 would

make an error of a micron in the length of the meter. Subsequently

another line near the former one was selected, and a finer plate was

used. As a mean of six closely accordant measures, the double devia-

tion was 90O 03' 51".45. One of these plates had been compared with

all the centimeters of a decimeter scale. The otlier is to be compared

with the even two centimeters of the same scale. This decimeter scale

was in progress of comparison by Mr. Chapman with the decimeters of

a meter scale. When done, a meter will have been compared with a

wave-length.—(Am. J. .Sfci, III, xviii, 51, July, 1879.) W. A. Eogers

has communicated valuable papers on metrological subjects, among
235
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which may be mentioned those on '' The limits of accuracy in measure-

ments with the telescope and the microscope " {Proc. Am. Acad., II, vi,

168), on '' Standard measures of length," and " On two forms of com-

parators for measures of length" {Ajn. Q. Mic. J., January and April, 1879),

and " On the present state of the question of standards of length."

—

{Proc. Am. Acad., II, vii, 273.) More recently this physicist has de-

scribed the construction and early performances of a new diti'raction

ruling-engine, which promises most valuable and imjiortant results.

—

{Am. J. ScL, III, xix, 54, January, 1880.) Hilgard has published, under

date of July 10, 1880, an admirable report upon the methods and results

of a comparison of the American and British standards of length, in-

tended to form Appendix 12 to the Coast Survey Eeport for 1877. The

final conclusions with reference to the American standards are that

bronze No. 11 is standard at 62^.25 F., iron I^o. 57 at 62O.10 F., and the

mean yard of Troughton scale at 590.62 F.

With reference to the molecular constitution of matter. Sir William

Thomson has continued his researches upon the " Vortex atom theory,"

and has communicated to the Eoyal Society of Edinburgh papers upon
" Vortex statics " and upon " Vibrations of a columnar vortex," in which

the treatment is mathematical.

—

{Phil. Mag., V, x, 97, August, 1880.) Tol-

ver Preston has discussed the physical aspects of the vortex atom theory,

with a view to reconcile the proved indestructibility of the atom with its

capacity for executing vibrations. He illustrates the motion ofthe material

forming the vortex atom by supposing a cylinder of India rubber to be

rotated about its longitudinal axis, and then, while still rotating, to be

bent into the form of a ring and the ends joined. Such a portion of

moving matter, mathematics has proved to have all the qualities of a

solid. It is elastic, and is competent to execute vibrations of definite

periods. Moreover, it is incapable of being divided or severed by the

collisions of other similar atoms. In short, such vortex atoms are elastic,

indestructible bodies, capable of rebounding from each other without

loss of energy, and of executing vibrations of fixed periods.

—

{Nature, xxii,

56, 1880).

Eiihlmann, from considerations founded on Avogadr<)'s law, has given

some calculations on the dimensions of molecules. The radius of the

sphere of action for the nitrogen molecule he gives as 34xl0~^ centi

meter; for the carbon dioxide molecule, 16xl0~^ centimeter; and for

the hydrogen molecule, 41x10"^ centimeter. Since one cubic centi-

meter at 0° and 760°^^ pressure contains nearly 100 trillions of molecules,

it follows that the molecules themselves fiU only about the three-thou-

sandth part of the entire volume which the gas occupies. The author

gives 15 X 10 ~2^ gram as the absolute weight of a hydrogen molecule, and

360 as the specific weight.

—

{Beihl. Ann. Phys. Gliem., No. 2, 57, 1879.)

Hodges has also given a computation of the size of molecules, based on

the work required to convert water into steam, this conversion being

considered as a breaking up of the water into a large number of small
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parts, proportionally increasing the total surface. Supposing the mole-

cules to be spherical, he gets for their radius 0.000000005"°^, or 5 to G

(million)^ for the number in one cubic centimeter ; agreeing with the

results of Thomson and Maxwell.

—

{Am. J. Sci., Ill, xviii, 135, August,

1879.) In a subsequent paper, the same author gives a calculation of

the mean free path of the molecules in the vapor of water lying close to

the liquid surface, which he finds to be 0.0000024™".

—

{Am. J. ScL, III,

xix, 222, March, 1880.)

MECHANICS.

1. Of Solids.

The motions of finely divided solid particles when immersed in liquids,

commonly called the Brownian movement, and those of dust-particles

in air, have both been attributed to the same cause, the shock of colliding

molecules. Niigeli has calculated from the data of the kinetic theory

what the velocity of the smallest fungus-particle observable with the

microscope should be, supposing an oxygen or nitrogen particle to come

in collision with it. Since such a particle is 300 million times heavier

than the molecule, the velocity would not be greater than that of the

hour hand of a watch. For ordinary motes, the motion would be 50 mil-

lion times slower. The same results essentiallywere obtained for liquids

;

whence the author thinks the Brownian movements are phenomena con-

nected with the surface tension of the liquid.

—

{Ber. Al: Milnchen, 1879,

389.)

Buchanan has communicated to the Eoyal Society of Edinburgh a pa-

per on the compressibility of glass, using a rod of this material placed

in a receiver of steel with glass ends connected with a hydraulic pump.

The compression is read by means of micrometer microscopes, and the

pressure is determined by a manometer consisting of a mercurial ther-

mometer with a stout bulb, previously calibrated in a piezometer, the

bulb being immersed in the water under pressure, while the stem pro-

jects outside. The glass used was a flint glass, and the compression

was observed up to 40 atmospheres. The cubical compression observed

was, for each atmosphere, 2.92 parts in a million. Incidentally the

compressibility of water at 2^.5 C. was found to be 0.05160 volume per

thousand per atmosphere ; and its diminution with rise of temperature

was confirmed, being 0.04831 at 12o.5C.—(iV^a^Mre,xxii, 377, 1880.) Barus

has studied the influence of hardness upon the thermo-electric proper-

ties and the specific resistance of steel. The steel used was in the form

of wire and was hardened by heating it by an electric current, in a glass

tube through which a stream of carbon dioxide gas was passed and

then suddenly admitting water. The resistance and the electromotive

force vary with the hardness, so that if the electromotive force be taken

as a measure of the hardness and the magnetic constant of the steel,

the resistance is a linear function of it.—{Phil Mag., Y, viii, 341, No-

vember, 1879.) Marangoni, with reference to Bottomley's experunent
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of passing a wire through ice without cutting it in two, divides plastic

substances into two classes. Those belonging to the first class, (ian, like

ice, be cut in two with a metallic wire, and can be considerably deformed.

To this class belong plastic clay, fresh soap, camphor, black pitch. Sub-

stances classed in the second group give two lamellse on the two sides

of the cutting wire, which then come out of the slit, become notched and

bend over, resembling leaves. Examples of this class are found in veg-

etable Japanese wax, dry Marseilles soap, tallow, and stearin, and

especially yellow wax and paraffin. The success of the experiment de-

pends on the size of the wire and on the temperature. For yellow wax,

the wire should be from ^ to 1™™, diameter ; for paraffin ^ to 0.9. The

leaves with the former are produced between —8° and 40°, with the lat-

ter (melting at 43o.5) only up to 15°. The author calls attention to the

similarity between these lamellae and those separated from a rail when
a locomotive goes down a steep incline rapidly and with a powerful

brake applied.

—

{Wature, xxi, 21, 1879.)

Herschel has published a paper on the use of the seconds pendulum
for determining the figure of the earth, in which he comes to the conclu-

sion that the experiments made hitherto are of little use, since the prob-

lem to be solved was so imj)erfectly grasped. The use of the absolute

pendulum contemplated two distinct objects which had no essential con-

nection, the force of gravity and the figure of the earth ; while the use

of the differential pendulum contemplated only one. The rate of the

seconds pendulum varies along the actual equator, and the value of grav-

ity at the equator is therefore only an idea.

—

{Nature, xxi, 599, 1880.)

O. S. Peirce has given the results of his pendulum experiments made
under the direction of the Coast Survey. The values obtained were

:

At Hoboken, 0.9932052°'
; at Paris, 0.9939337 ; at Berlin, 0.9942399 ; at

Kew 0.99417 7G. Eeduced to the sea-level these numbers become 0.993-

2074, 0.9939500„0.9942482, and 0.9941790. Eeduced to the equator, they

are : 0.9910003, 0.9910132, 0.9909865, and 0.9910083. These values, the

author thinks, will have to be diminished by about 20 microns on ac-

count of the error of the standard of length emx^loyed.— (Aw. J. Sci.,

Ill ,xx, 327, October, 1880.) Mendenhall has made a series of experi-

ments to determine the force of gravity at Tokio, Japan. In the earlier

part of the investigation a Kater pendulum was used ; in the latter, one

of Borda's construction. The beats were recorded upon a chronograph

at the same time with those of a break-circuit clock, the length of one

second upon the sheet being about 8™"", so that it could easily be

subdivided. Since it was only the fractional part of a second by which

the two pendulums differed, that was to be determined, the standard

pendulum was only required to break the circuit twice, once at the be-

ginning and again at the end of the experiment. Asa mean of six ex-

periments with the Kater pendulum the value of "</" was found to be

9.7974 ; the mean of eleven experiments with the Borda pendulum gave

9.7984.—(Am. J. Sci., Ill, xx, 124, August, 1880.)
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Deprez lias contrived a new velocity-re^nlator for electric motors. It

consists essentially of an elastic spring, fastened at one of its extremi-

ties to the rotating axis and parallel to it. To the other end is attached

a small mass of brass traversed by a screw by which its distance from

the axis may be adjusted, and the tension of the spring at the same time

increased. The current which drives the motor passes through this

spring. If now the rotation is so rapid that the free end of the spring

is thrown away from the axis by the centrifugal force, the contact is

broken and the current is interrupted ; the speed of the motor is dimin-

ished, contact is renewed, and so on, the velocity being exactly regu-

lated by the adjusting screw.— (rJ. Phi/s.^ viii, 10, January, 1870.) Fou-

vielle has devised a form of gyroscope whose rotation is produced by

magneto-electric currents. A tiat coil of wire, like that used in galvan-

ometers, has an intermittent current sent into it from an induction coil.

When a star-shaped piece of iron, mounted on a pivot so as to rotate

like a compass-needle, is placed in the center of the coil, it begins to re-

volve whenever a horse-shoe magnet is placed above it vertically, or

when a bar magnet is placed in certain directions with reference to it.

Keversing the direction of the current reverses the direction of the rota-

tion.

—

{Nature J xxi, 593, April, 1880.)

2. Of Liquids.

Eudorflf has described a special form of volumenometer used by him

for the determination of the specific gravity of powders. The new ap-

paratus is composed entirely of glass, and consists of a cylindrical reser-

voir of 25<'<' capacity, from the lower part of which a tube passes, this tube

being enlarged just below the reservoir, and having a cock at its lower

end. The reservoir is closed at top by a ground stopper furnished with

a stopcock, and to it laterally is attached a long U-shaped manometer

tube. Mercury is poured into the reservoir until the tube is filled to

the mark on the neck. The upper cock is closed and the mercury drawn

out into a tared vessel till the difference of level between the two mer-

curj^ surfaces in the manometer is a certain quantity li. After the mer-

cury is weighed it is poured back into the tube, the substance whose

specific gravity is to be determined is introduced into the reservoir and

the above operations are repeated. Simple calculation gives the value

required.

—

{Ann. Phys. Chetn., II, vi, 288, 1879.) Buignet has improved

the Nicholson areometer by making the stem longer and larger, marking

zero at the point to which it sinks in water when empty, and n at the

point to which it sinks when loaded with n grams. To use it, the in-

strument is placed in water and sinks to zero. The mineral whose grav-

ity is desired is placed on the upper pan ; the stem is immersed to a

point P. Placed in the lower pan, it sinks the stem to a point, P'. Then
P

pqp, is the density of the specimen. The sensitiveness of the instru-

ment depends on the size of the stem. Its use is rapid and accurate.

—

(J. PJiys., ix, 93, March, 1880.)
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Spring lias continued his investigations on the welding of solid bodies

by pressure, and has now subjected more than eighty pulverized solids

to pressures in vacuo up to 30,000 atmospheres, varying at the same

time the temperature. All the crystalline bodies proved capable of

welding, and in the case of amorphous bodies, crystalline structure had

been developed in the block by the pressure. He classifies amorphous

bodies into two groups, one like wax and called ciroid, which weld easily,

the other like amorphous carbon, which do not weld, and hence called

aciroid. The facts observed do not essentially differ from those observed

when two drops of a liquid meet and unite. Hardness is a relative,

even a subjective, term. Even water may appear hard to certain insects,

and if our bodies were sufficiently heavy, the pavement would not bear

us. The change of prismatic to octohedral sulphur, of amorphous to

metallic phosphorus, by compression, the change of state of amorphous

bodies, the chemical action produced when the product has a less volume

than the constituents, all result in a denser form of matter. Whence the

conclusion that the particular state taken by matter is in relation to the

volume it is obliged to occupy under the action of external forces. #The

geological bearing of these facts is very evident.

—

{Nature, xxii, 350,

1880.)

Eidout shows the surface tension of mercury by supporting a shallow

tray, 6 by 3 inches, on leveling screws, so inclined that the mercury" is

on the point of overflowing. If now the flow of the mercury be started,

it will draw the rest of the liquid after it. The mercury must be very

pure or it will leave a trail.

—

{Nature, xxii, 157, 1880.)

Lechat has studied the forms produced when liquids are caused to

vibrate in vessels of rectangular section, and has compared the results

obtained with those required by theory. The vessels employed were

made of wood or glass, with walls a centimeter thick. The liquid was

vibrated by a bar of steel placed before an electro-magnet, which bar

automatically interrupted the current. To one end of a transverse rod

a stem was attached which could be adjusted to any point of the sur-

face. The nodal lines were very distinct, and the phenomena were very

striking, especially when projected on the screen.

—

{J. Phys., ix, 185,

June, 1880.)

Sir William Thomson read a paper to the British Association on a sep-

tum permeable to water but not to air, and suggested its application to a

gauge for measuring depths. A small quantity of water in a caiiillary

tube, with both ends in air, acts like a perfectly air-tight plug against

difierence of pressure at its two ends equal to the hydrostatic pressure

corresponding to the height at which water stands in the same capillary

tube when it is held upright with one end under water and the other in

air. In the meeting, he used an Argand-lamp chimney which had a

finely-woven piece of cotton cloth tied over it. When dry, the water rose

easily when the uncovered end was immersed, as well as when the cov-

ered one was. But after wetting the cloth, it seemed perfectly air-tight
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even under inches water-pressure. The dej^th-gauge is made by tying

a piece of cloth over the mouth of the hirj,^er leg of a U-tube, the end of

the smaller being closed by a stopper. On sinking it the air is com-

pressed, and water enters through the cloth into the smaller leg. On
raising it the air expands and forces the water out through the cloth to

the last drop. The depth can be determined from the water left in the

smaller leg of the instrnment.

—

[Natxre, xxii, r)4S, 1880.)

3. Of Gases.

Hannay and Hogarth have communicated to the Royal Society a re-

markable p.iper on the solubility of solids in gases^ the research being

the starting point of the experiments which have since enabled the

former to jv/oduce crystallized carbon. They desired to investigate the

solvent power of liquids at temperatures at or above their critical points.

For if at the critical point there really occurs a transition from the liquid

to the gaseous state, and if the property of dissolving solids is one pos-

sessed by liquids alone, there ought to be precipitation of the dissolved

solid matter as the substance passes through the critical point. Absence

of such precipitation would furnish a strong independent proof of the

perfect continuity of the liquid and gaseous states. As a preliminary

test, a solution of potassium iodide in alcohol was prepared and a strong

tube one half tilled with it. No precipitation of any solid was observable

even at 350^ 0., more than 100^ above the critical point of alcohol.

Resin dissolved in paraffin spirit showed no decomposition at 300°.

With an improved and simplitied apparatus, it was shown that a clean

i crystal of potassium iodide dissolved entirely in alcohol gas (the term

" gas" referring to the lluid above its critical point). Potassium bromide

and calcium chloride were also solnble in this gas. Cobaltous chloride

g remained soluble at 320° and showed its blue color and characteristic

' spectrum. Even the acid decomposition-product of chlorophyll, which

decomposes in the air below L'OOo, gives, when dissolved in alcohol, iden-

! tical spectra at 350° and at 15^ 0. Some curious reactions were ob-

served. Thus alcohol or ether deposits ferric chloride just below the

critical point, but redissolves it in the gas when raised 8^ or 10'^ above

that point. By suddenly reducing the pressure, the solid is precipitated

crystalline, falling as a snow. It is redissolved in the gas as the press-

sure increases.—(Proc. Roy. Soc, xxx, 178; Nature, xxi, 82, 499, 1880.)

i Bottomley has described a neat experiment by Quincke, first sug-

igested by some experiments to test the porosity of glass. A glass tube,

5 inches long and three-fourths inch external diameter, with stout walls,

was closed at one end and constricted a little more than half way up.

Into the lower closed portion some sulphuric acid was poured, and above

the constriction some fragments of marble were placed. The tube was

then drawn off at top, thickened, and carefully annealed. On inverting

it the acid attacked the marble, and carbon dioxide was evolved. For

the first few days nothing peculiar was noticeable; but soon the liquid

S. Mis. 31 IG
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began to creep away from the glass, scarcely wetting it, and no doubt

was entertained that soon the phenomenon seen in Quincke's tubes would
appccir, and the acid would roll about in the tube like mercury. The
explanation is that these peculiar capillary phenomena are due to a thick

layer of gas that is condensed over the surface of the glass.

—

{Nature,

XX, 291, 1880.)

De la Rue and Miiller, reasoning from their electric researches on the

spark in rareiied air, believe themselves entitled to conclude on the

probable height of our atmosphere. The least resistance to an electric

discharge in hydrogen is obtained at a pressure of 0.642™™, or 845 M
,(M signifying millionths of an atmosphere). When it reaches .002™™, or

3 M, the dischargeorily just passes with a potential of 11,000 silver chloride

•eells (11,330 volts). At the highest exhaustion, 0.000055™™, or 0.066 M,

MO discharge took place with the 11,000 cells, but even a 1-inch spark

failed to pass. Since a discharge at atmospheric pressure which occurs

in hydrogen at 0.22 inch takes place in air only at 0.13 inch-, the authors

.conclude that the least resistance for air is at 0.379™™, or 498.6 M. This

pressure would be reached at a height of 37.67 miles above the sea.

Hence here the auroral discharge would have its maximum brilliancy,

and would be visible- 585 miles. The best vacuum produced, 0.066 M,

corresponds to a height of 81.47 miles. At this height the discharge

would be considerably less brilliant. At a height of 124,15 miles the

.pressure would be only .00000001™™, or 0.00001 M, and at such a heighti

it is not conceivable that a discharge would occur with any i>robable'

potential. At a pressure of 62™™ the discharge has the we!l-known car-

mine tint of the aurora. This corresponds to an altitude of 12.4 miles.

.At a pressure of 1.5™™ it becomes saluion-tint, and at 0.8™™ much paler.

Above this exhaustion it becomes a pale milky white.

—

{Nature, xxi, 33,

1880.)

Debrun has suggested an imjiroved barometer, which lie calls am

amplifying barometer. It resembles the Fortin instrument in general;,

but the i)oint marking the zero is at the top of the tube. The cistern

has a secoiul tube in its top, open to the air, and into which the mercury;

rises, so that the reading is the difference of the levels of the mercuryj

surfaces in the two tubes. A third and narrower tube, also open attop'i

passes through the top of the cistern. This cistern is larger than ordi'

nary, and contains water above the mercury, into which this tube dips,

and which rises into it, the level being read by means of a graduate*

scale. Any variation of the height of the mercury is multiplied in th'

water-column in the ratio of the section of the cistern to that of th

water-tube. Hence the sensibility of such a barometer is equal to tha

of the water-barometer.

—

{J. Phijs., ix, 387, ]S"ovember, 1880.)

Jordan has constructed and erected in the Kew Observatory a baron

eter in which the liquid employed is glycerin colored with aniline-rec

As manufactured by Price & Co, the glycerin has a specific gravity (

1.26. Hence the mean heiglit of the column is 27 feet, and a variatio
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of one tenth of an inch of tlie mercurial column is more than an inch on
the glycerin scale. Moreover, the high boiling point of glycerin, 440c>

F., its very low vapor tension, and its low freezing point are all in its

fiivor. The cistern in the Kew inst rument is a cylindrical vessel of tinned

copper, 10 inches diameter and 5 deep, with a screw cover, the air having

access through a small hole in the cap of this, and passing through a

layer of cotton wool to keep out the dust. The tube is of composition-

metal gas-pipe § inch diameter, which is sohlered to a similar piece of

pijic which enters the cistern through its bottom and is closed by a

screw plug. To the top of the main tube, a glass tube 4 feet long and

1 inch inside diameter is cemented. It terminates in a cup and is closed

with an India-rubber stopper. The iluctuations are read off by means

of two verniers, one of which gives inches and tenths and the other the

equivalent value of the mercurial column. Daily observations are being

made upon it with a view to determine its accuracy.

—

{Xature, xxi, 377,

1880.)

Terquem has proposed a modified form of air pump plate, which dis-

penses with the costly grinding necessary in the present form. The plate

is of brass, circular in form and about a millimeter in thickness, having

a circular cavity in it two centimeters deep and one wide, x)laced a few

centimeters from the edge, the mean diameter of this depression being

that of the bell to be used with it. When the plate is to be used it is

heated and the cavity tilled with a cement melting at about 60° O. That

used by the author is furnished by F. Carre with his ice-pump, and con-

sists of a mixture of resin, wax, and tallow. When melted the bell is

placed in position and the heat continued until the ghiss has also be-

come hot. The whole is then allowed to cool. The cheapness of these

plates allows the use of several of them for the various air-pump experi-

ments.—(^7. Phys., ix, 34G, October, 1880.) Kood has desciibed an im-

provement in the form of the Sprengel pump, by which vacua as high

as woifoooo or To-oo^oooo '^-e readily obtained. First, the mercury

passes through an exhausted bulb to free it from air and moisture, then

through a nearly horizontal tube to the fall-tube. Secondly this fall

tube is bent four times at a little more than a right angle, forming a

lateral loop or valve, preventing the air that has passed out of the f;ill-

tube from returning into it. The pump is free from stopcocks and grease,

and its action is very rapid, two or three hours sufficing to reduce the

vacuum from 50 M to 0.01 M, the capacity being 100^°. Even in the

absence of all drying materials a vacuum as high as 0.033 .M has been

obtained.—(Aw. J. Sci., Ill, xx, 57, July, 1880.)

Berlin, in an interesting article on the modern methods for producing

high vacua, describes the McLeod gauge, that necessary adjunct to the

Sprengel pump. It depends on the principle that if the volume of a

rarefied gas be reduced n times, the pressure becomes measurable, and

the original pressure is equal to the measured pressure divided by n. It

onsists of a bulb of glass surmounted by a thick tube 10 to 15"° long
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and 2 or 3™™ in diameter, closed at top and carefully calibrated. Below,

tlie bulb connects with a straight tube SO*^™ long, a lateral tube opening

into it just below the bulb and leading upward to the pump. The ca-

pacity of the bulb above the lateral opening is ascertained by weighing

the mercury which tills it. Thus the ratio of the volumes of the bulb

and of the small tube above it is known. The long tube is connected

at its lower end with a reservoir of mercury by means of a rubber tube,

so that when this is raised the gauge may be filled with mercury. After

the vacuum has been made in the i^ump, of which the gauge forms a

part, the reservoir is lifted and the mercury rises in the long tube until

it passes the mouth of the lateral tube and seals off the air in the bulb.

As the mercury fills the bulb, the air collects in the small tube, and the

pressure under which it exists is the difference of level of the mercury

in this tube and the side tube. Knowing the volumes and the final press-

ure the initial ])ressure is given by Marriotte's law. Mr. Crookes regards

it reliable to the millionth of an atmosphere, 0.0007CO™™. Warren de la

'Rue limits its indications at 0.00005"^™.—(Aww. Chim. PJiys., Y, xix, 231,

February, 1880.)

Amagat has studied elaborately the variation of gaseous bodies from

the law of INIarriotte at high pressures, exact measurements being made
of the changes in volume when the gas sustained a mercury column

over one-fifth of a mile high. The shaft of the Verpilleux coal mine,

near St. Etienne, 327™ in depth, was chosen, the experiments here being

confined to nitrogen gas. A jiowerful and specially constructed pump
forced mercury at the same time up the manometer tube and into the

tube containing the gas. Since both were carefully calibrated, the meas-

urement in the former gave the i^ressure and in the latter the volume.

In nitrogen the compressibility increases slowly and reaches a maximum
at about 65 atmospheres. Then it decreases equally slowly, reaching a

normal figure at about 91 atmospheres. Finally it decreases rapidly,

till at 430 atmospheres the volume is five-fourths of that required by

Marriotte's law. This law of nitrogen being ascertained, the manometer

tube was replaced by a nitrogen tube and the other gases compared

with that. Air, oxygen, hydrogen, carbonous oxide, ethylene, and marsh

gas were examined up to 400 atmospheres. The results are given graphi-

cally, the abscissas representing pressures and the ordinates the difl"er-

ences between the product of the volumes by the pressures and unity,

i. e., to the deviations from Marriotte's law. Hydrogen only does not

exhibit a minimum of volume and pressure product.

—

{Ann. Chim. PJiys.,

Y, xix, 345, March, 1880.) Cailletet has also studied the law of the com-

l)ression of nitrogen. He used a steel laboratory tube, within which

\vas a piezometer tube containing the gas. To the laboratory tube was

attached a tube of soft steel 250°^ long, rolled upon a wooden cylinder

2™ in diameter. The laboratory tube was supported by a steel wire 4™"^

diameter, carefully graduated. The gas tube being put in place, the

apparatus was filled with mercury and lowered by a windlass into an arte-
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siau well. The pressure was read off ou the graduated suspending wire.

To determine the volume, the inside of the piezometer tube was gilded,

and the height to which the mercury rose in it was shown by the removal

of the gold. The measurements were carried on with nitrogen to 182

atmospheres. Cailletet has also studied the effe<;t of pressure on gaseous

mixtures, and has described a method by wdiich a pressure of 1,500 at-
•

mospheres may be measured to within one-half of 1 per cent, of its true

value.

—

{J. Phi/s., viii, 267; ix, 192; Ann. Chim. Phys., V, xix, 380,

3Iarch, 1880.)

ACOUSTICS.

Carmichael has devised a revolving jet to be used witliKoenig's mano-

metric capsule for the purpose of showing sonorous vibrations in class

instruction. A tube bent at right angles and tipped with a jet is sur-

rounded at its extremity by a second concentric tube also bent at right

angles, but in the opposite direction, so that the two bent parts are in

the same line and form an axis about which the jet revolves. A mica

cylinder incloses the flame, which is that of ordinary gas, enriched, if

necessary, with benzene and fed with oxygen. The gas tube is in com-

munication with a Koenig capsule, so that the flame is thrown into vi-

bration by means of it. On rotating the jet by a multiplying wheel

a brilliant ring of light appears, which is broken up into saw-teeth by

sounds.—(Am. J. Scl, III, xix, 312, April, 1880.)

Schwedoff has described a simple apparatus for studying the vibra-

tions of cords, which consists in an electric vibrator hke that in use for

bells. The cord is attached to the armature at one end, the other being

fastened to a movable clamp which slides along the top of a blackened

board divided into a number of equal divisions. To the clamp tlie cord

is attached by a screw, by which its tension may be regulated at pleas-

ure.

—

[J. PJiys., viii, 23, January, 1879.)

Mercadier has exhibited in Paris a vibration micrometer for accurately

determining the vibratioji-amplitude of tuning-forks and other vibrating

bodies. A small piece of thin white paper bearing a fine black line is

fastened to the body whose vibrations are to be measured. If this line

is upright it will present, when caused to vibrate, the api)earance of a

pale gray parallelogram, the persistence of the visual impression being

perfectly definite for the extreme positions of the vibration. To ascer-

tain the amplitude of the vibration, all that is necessary is to measure

the apparent width of this minute parallelogram in a, direction at right

angles to the axis of symmetry of the oscillation. To increase the pre-

cision, the reference line is set, not perpendicular to the direction of the

movement, but inclined to it at a small angle. A fine scale of lines is

made upon the paper parallel to the direction of the movement aiul a

millimeter distant. The width of the parallelogram is thus read off

along a straight line, which makes a small angle with its sides, thus

giving the quotient of the amplitude sought by the tangent of a small
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angle. "With this apparatus the author has studied the motions of a

tuning-fork vibraiing electrically.

—

[Xature. xxi, 189. 1879.)

Koenig hus studied the influence of temperature on the vibrations of

a normal tuning-fork. He finds that ui> to 50° or 60° the influence of

heat upon a fork may be regarded as practically constant. Thick tun-

ing-forks are more affected by heat than thin ones of the same pitch,

showing that it is change in the elasticity rather than change in the

length of the arms which is the primary cause of the change of pitch.

On forks of different pitch and of not very different thickness, the effect

of heat is proportional to the number of vibrations. Generally the

period of vibration of a fork is increased or diminished g-gVa hy a dif-

ference of temi)erature of 1° C. The general change in pitch of the

normal fork Utj = 512 vibration>s per second at 20°. through the varia-

tion of 1° C. in the temperature, is 0.0572 vibration per second. He has

constructed a fork which will give 512 vibrations at any temperature.

—

{Xature, xxii, 90, 1880.)

Kayser has also investigated the influence of temperature upon the

pitch of tuning-forks. He used a method founded on the observation

of the alteration of the difference of phase between two forks as the

temperature varied, the forks being furnished with mirrors and the

Lissajous curves observed with a telescope. He finds, (1) that the

vibration number of a tuning-fork between 0° and 30° is a linear func-

tion of the temperature : (2) that the influence of temperature is greater

the higher the tone of the fork, and with forks similarly arranged the

variation of the vibration number is about proportional to the square

root of that number
; (3) that with moderate variations of temperatiu-e,

such as occur in a room, the temperature affects the vibration number

in the second place of decimals ; and (4) that the coefficient of elasticity

increases between 0° and 30° with the temperature.

—

{Ann. PItys. Chem.j

II, viii, 444, 1870; Xature, xxi, 243, 1880.)

Ellis has communicated to the Society of Arts an important paper

upon the " History of Musical Pitch." This he defines to be the pitch

of the tuning-note, or that by which all other notes on an instrument

with fixed tones are regulated according to some system of tuning or

temperament. It is convenient to consider A as the tuning-note in all

cases, though pianos and organs are usually tuned on C. In equal tem-

perament A 444 corresponds to C 528 vibrations. In mean-tone tem-

perament A 418 corresponds to C 500 ; whereas for a perfect minor third

between A and C, A 440 corresx)onds to C 528. Before 1711, the organ-

pipe was the only means of handing down pitch. Subsequently both

this and the tuning fork were thus used. Both, however, alter with

temperature ; the former by one vibration in a thousand for each 1° F.,

sharpening by heat and flattening by cold. Hence all organ pitches

must be reduced to a standard temperature, 59° F. or 15° C. being

recommended. The fork alters by one vibration in 21,000 for each 1° F.;

flattening by heat and sharpening by cold. The various pitches of
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tbe diflereut forks were tested by means of ScbeiWei's touometer, the

beats with the standard fork being carefnlly counted. Great variations

were observed, the lowest pitch for A being 374 vibrations at L'llospice

Couitesse, Lille, and the highest 5G7 vibrations, the usual church

pitch in Xorth Germany in IGll), called chamber pitch by Pnetorious.

—

(Nature, xxi, 550, 1880.)

Kayser, under Helmholtz's direction, has made a series of experiments

to test the question whether the intensity of a sound has any iuHuence

upon its velocity of propagation. lie used a tube giving a continuous

note, each vibrating section of which passes through the same phase

after each semi-vibration. Hence two sections passing a determinate

phase at the same instant are distant from each other by a multiple of

half a wave length. To render visible the vibration of a gaseous section

of the tube, a small tongue was cut in a very thin plate of mica, which

was cemented by one of its extremities to a copper ring sliding within

the tube. This mica plate reproduced the phases of air vibration at the

point where it was placed. A sliding wire controlled the length of the

tongue so as to bring it into unison with the sound of the tube. View-

ing a luminous point on the tongue through a vibration microscope, a

Lissajous figure is formed by a combination of the two rectangular

vibrations. Very minute changes of phase in the tongue produce marked

changes in the figure. By displacing the mica along the tube until a

given figure is reproduced, the distance moved is obviously half a wave

length. If the mica tongue be fixed at the open extremity of the tube,

and a movable piston be made to close the other one, the same figure is

observed on the lamina whenever the piston is displaced by half a wave

length. A constant sound was obtained in the tube by means of an

electrically vibrated fork in front of a resonator. By varying the

amplitude of oscillation, the intensity of the sound could be varied.

On comparison with a divided scale, the amplitude of the mica vibra-

tions was found to be proportional to the oscillations of the air column.

As a result, the author does not find any difference in the velocity of a

sound when its intensity is made to vary. Eegnault's results, being ob-

tained with waves of explosion very diifereut in their character, do not

hold good for musical sounds.

—

{Ann. Phys. Chcm., II, vi, 405, 1870.)

Jacques has experimented to ascertain the velocity of propagation of

very loud sounds produced by the firing of a six-pound brass field-piece

at the Watertowu Arsenal, Massachusetts. A series of membranes was

erected at distances varying from 10 to 110 feet from the mouth of the

cannon, and in the rear of it. Each membrane consisted of a hoop 9

inches in diameter, over which a sheet of thin rubber was stretched. At

the center, on the side toward the cannon, a small brass shelf was

fastened, on which rested one end of a delicate steel spring, the other

end being held by a separate support. These metallic parts formed

portions of a continuous metallic circuit, including all the screens, and

terminating in the primary coil of au inductorium. The Schultz chrono-
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graph consisted of a revolving cylinder of silver covered with lampblack,

connected with one terminal of the secondary coil. The other terminal

was a fine wire brought very near the surface of the cylinder. When by

the motion of the membranes the primary circuit was broken, a spark

passed to the cylinder and made a fine dot in the lampblack. By refer-

ence to a sinuous curve of times traced simultaneously on the cylinder

by an electrically vibrated fork, the time could be measured to .00001

'

second. When the air was quiet the gun was fired and the arrival of

the pulse at each successive membrane was recorded. By measuring

the distances the velocities are readily calculated. It was found that

immediately in the rear of the cannon the velocity was less than at a

distance, but that going farther and farther away from the cannon the

velocity of sound rose to a maximum cousiderablj' above the ordinary

velocity and then fell gradually to about the velocity usually received.

Hence the author concludes : 1st, that the velocity of sound is a function

of its intensity' ; and 2d, that experiments upon the velocity of sound in

which a cannon is used contain an error i^robably due to the bodily

motion of the air near the cannon. For a correct determination of the

velocity of sound, therefore, he thinks that a musical sound of low in-

tensity must be used.

—

{Am. J. Sci., Ill, xvii, 110, February, 1879.)

Ihlseng under the direction of Eood has measured the velocity of

sound in various kinds of wood. In his first experiments he used the

method of Kundt, vibrating a rod of the given wood, 1 to 2 meters long,

longitudinally, while one end of it, armed with a cork, entered the end

of a glass tube a meter in length, and containing a fine powder. To the

other end of the tube a piston was fitted so as to make the length used

a multiple of the half wave length in air. In this way rods of cedar,

white-wood, yellow and white pine, hickory, white ash, holly, mahogany,

black walnut, cherry, and white oak were experimented with. In a sec-

ond series of experiments a method was adopted by which the rod reg-

istered its own vibrations on a smoked-glass plate drawn rapidly across

the vibrating end of the rod in a horizontal direction by means of a

weight ; while at the same time a tuning-fork registered the time. The

conclusions given are : 1st, it is possible to measure the velocity of sound

in rods with considerable accuracy by the grai)hic method ; 2d, Kundt's

method gives results which are slightly higher than those by the graphic

method; and 3d, the graphic method demonstrates the existence of

transverse along with longitudinal vibration and gives their ratios.

—

{Am. J. Sci., Ill, xvii, 125, February, 1879.)

Kohlrausch has given a method of studying the condition of the air

in a vibrating column, and of repeating the experiments of Savart and

Seebeck upon the position of the fixed nodes and loops produced by the

combination of the direct and the reflected sonorous waves. For this

parpose a caoutchouc membrane, stretched uj^on the extremity of an

open tube, is lowered into the organ-pipe which is sounding, by means

of a string x)assing through the cork closing the pipe. In this case the
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membrane is in contact on both sides with the air in the pip(^, and it

vibrates at the looi>s and ceases at the nodes. But if the second end
of the tube carrying the membrane be clo.'icd with a cork, the membrane
is now in contact onl^^ on one side with the air in the pipe, and it vibrates

strongly at the nodes and ceases to vibrate at the loops. Seebeck ex-

plained this by showing that one of the waves was obliged to go round
the tube to reach the membrane, and thus its velocity (^hanged sign.

Bichat, in noticing this paper, gives the method he has used for show-

ing this result in class instruction. He uses the ordinary closed organ-

pipe with a glass side, made by Koenig. On urging the blast a sound

is obtained having a node at about oue-tliird of its length irom the

mouth and a loop at one- third from the closed end. A membrane of

gold-beater's skin, attached to a rigid ring, is first passed through the

tube to show in the usual way that the sand placed ui)on it is disturbed

at the loops and not at the nodes. Then a small manometric capsule is

used in place of the membrane, having two small glass tubes passing

from its top through the cover of the pipe. Through one of these coal

gas enters, and at the outer end of the other it is burned. On examin-

ing this Hame in a revohing mirror it will be seen to be in vibration

when the capsule is at the node, and at rest when at a loop.

—

{Ann. Phys.

Chem., II, viii, 384; J. Phys., ix, 102, 1880.)

Maj^er has applied the j^rinciple of exploring the wave-surface in air

from a sounding body, which he devised some years ago, to the construc-

tion of a simple and efficient apparatus called a toi)ophone, by which even

the unpiacticed ear may determine accurately the direction of a distant

sound, even in fcggy weather. It consists of a vertical rod passing

through the roof of the deck-cabin of a vessel, for example, approaching

the coast, bearing upon its upperend a horizontal bar carrying two adjust-

able resonators below which is a pointer set at right angles with the bar.

Rubber tubes from the resonators pass through the roof of the cabin and

unite in a single pipe connected with a p^ir of ear-tubes. The vertical

rod is turned in any direction by means of a handle. The resonators are

first accurately tuned to the sound under observation. They are th^n

fixed at a distance from each other somewhat less than the wavelength

for this sound, and brought by turning the handle simultaneously on the

wave-surface. As they now receive the sound-wave upon their mouths

at the same instant in the same phase, the ear will hear the sound re-en-

forced if the connecting tubes are of the same length, and diminished if

one is a half wave-length shorter than the other. When this is attained

the bar is a chord in the spherical wave-surface of which the sounding

body, say a fog-horn, is the center. Hence the pointer which is perpen-

dicular to this bar points out the bearing of the fog-horn with great

accuracy. By making a second observation at a known distance and

direction from the first, a second radius line is obtained, and the distance

of the fog-horn is computed.

—

{Nature, xxi, 385, February, 1880.)

Schellbach and Boehm have proposed a simple experiment for show-
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ing the refraction of sound-waves. In an inverted bell-jar of glass is

placed a horizontal disk of smoke-blackened paper. A circular collo-

dion membrane is arranged above it, inclined 33° to the plane of the

edge of the bell. If now on the axis of this membrane, and at 13 centi-

meters distance, an electric spark be produced, the membrane vibrates

and the waves which it jjroduces make a series of concentric circles upou

the paper, the center of which is on the axis of the membrane. If the

bell be filled with carbon dioxide the center of these circle^' is displaced

in the direction required by refraction and by a quantity corresponding

to the sonorous refractive index. Hydrogen gas may also be employed.
—{Ann. Phys. Ghem., II, viii, 64:5, 1879.)

Eood, in studying the action of a revolving fan introduced into melo-

deons for the purpose of producing a " tremolo" effect, ascertained that

the variations in loudness produced by it were due to reflection or non-

reflectiou from the face of the revolving fan, and that the same effect

could be obtained from a disk consisting of closed and open sectors and

revolving in its own plane. With this simple apparatus the following

points were established: (1) At a perpendicular incidence the short

sound-waves are more copiously reflected than those that are longer, and

the regular reflection is more copious from large than from small sur-

faces. (2) When the sound-waves fall upon small flat surfaces at an

acute angle, the reflection is most copious in the same direction as with

light, but the reflected and inflected waves can be traced all around the

semicircle. (3) Qualitative comj^arisons between the power of different

substances to reflect sound can easily be made. (4) If a composite sound-

wave falls on the rotating disk, the shorter waves will undergo regular

reflection more coj)iously than the other comj)ouents. (5) The reflection

of sound from very small surfaces is easily demonstrated.

—

{Am. J. Sci.,

Ill, xix, 133, February, 1880.)

Ehodes has devised a sim^ile ai^paratus to aid the deaf in hearing,

called the audiphone. It consists of a thin flexible sheet of hard ebon-

ite rubber, provided with a handle like a palm-leaf fan, and with a cord

which can be tightened at pleasure to curve it into the form of a semi-

cylinder. The edge of the sheet is pressed against the upper set of

teeth, the convex surface being outwards, so that vibrations impinging

upon the sheet are transmitted through the teeth and bones of the skull

to the auditory nerve. Its use, therefore, is limited to cases where the

nerve is nearly or quite intact. Colladon has replaced the costly ebon-

ite by a sheet of fine elastic cardboard, about 18 inches by 10, and var-

nished at the edges, which is curved by being pressed against the teeth

by the hand. Experiments made with it upon deaf-mutes were highly

interesting. A professional musician, deaf for fourteen years, was en-

abled by this audiphone again to hear piano music. Fletcher, in further

experimenting, prefers birch-wood veneer cut to an oval 12 by 8J inches,

steamed and bent to a curve. It is held between the teeth. In his ex-

perien(;e any audiphone is a failure in two-thirds of the cases of deafness

in whhih it is tried.—{Nature, xxi, 426, 469, 515, 1880.)
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Sedley Taylor lias given the name plioneidoscope to an apparatus for

studying the character of sound vibrations by causing them to act on

a liquid film tliin enough to give color, such us a film of glyceric liquid,

Guebhard has proposed a modification of the method by which he has

obtained some very curious results. Beautiful interference rings are

produced by the condensation of the vapor of water upon the freshly

cleaned surface of a very impure mercury. When, for example, the

various vowel sounds are emitted above such a mercury surface, with a

pure tone maintained for some seconds, at a distance so small that the

vapor of water contained in the breath has not time to diffuse, a series

of figures are obtained which are characteristic. Figures are given of

the ten principal vowel sounds thus produced. The four nasal vowels

give more complex figures.

—

[J. rin/s., ix, 242, July, ISSO.)

Barlow has constructed an apparatus for recording the sounds of the

human voice, which he calls a logograph. It consists of a small trumpet-

shaped mouthpiece, the larger extremity of which widens to a diameter

of 7 centimeters. Over this end is fiistened a thin caoutchouc mem-
brane. A light arm of aluminum is fiistened at one end to the frame,

and the other, w^hich presses against the center of the membrane, with

which it is movable, carries a small brush containing color. A band of

paper, like that used in the telegraph, passes beneath, so that the point

of the brush just touches it, and traces a line upon it when the mem-
brane is at rest, which is a zero line. There is a small lateral opening

in the mouthpiece for the escape of the air. Various examples are given

of the results obtained in using the logograph for spoken language.— {J.

Phys., viii, 78, March, 1870.)

Dvorak has observed that light resonators of glass or metal are re-

pelled very decidedly wheu they are brought near to the resonance box

of a fork turned in unison with them. The condition essential to the

success of the experiment is that the air of the resonance box shall be

really in vibration. A metallic disk in unison with the resonator may
also be used as the vibrating body. The repulsion thus produced is so

strong that when a mill is constructed with four resonators at its ends

and placed before the resonance box of a large fork, the mill revolves.

Mayer independently discovered the same phenomenon.

—

{Phil Mag.,

V, vi, 225, 1879.)
HEAT.

1. Thermometry and Change of State.

Benoit has described a new temperature-regulator based upon the

principle of the variation of the tension of a saturated vapor with the

temperature, first employed by Audreie. The apparatus consists of a

small bulb, containing the volatile liquid, placed in the space whose

temperature is to be maintained constant. The end of the tube on

which this bulb is blown is connected with a gas-interrupter by means

of a rubber tube filled with mercury. This interrupter consists of a
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glass tube over the lower end of which the rubber tube slips, within

which is a second glass tube conveying the gas, and which continues

down nearly to the merciuy level. The gas enters by this tube, escapes

at its lower end, passes up between the two, and goes to the burner

through a lateral tube. If the temperature rises too high the mercury

column cuts off the supply of gas by the iucreased tension of the vapor

;

a by-pass proventiug complete extinction of the flame. The interrupter

is attached to a board which slides up and down aloug a graduated

scale, by means of which the pressure upon the volatile liquid can be

made to balance its tension at any temperature. Using methyl alcohol,

for example, its tension at 10° C is SO'""^, at 50° is 382™°^, at 70° is 857"^''i,

at 100° is 24115™'". So that with this liquid constant temperatures be.

tween these extremes may be had. For other temperatures other liquids

more or less volatile than methyl alcohol can be used in its stead.

—

{J. Phys., viii, 340, October, 1879.)

Edison made use of his tasimeter for measuring the heat of the solar

coroua at the eclipse of July, 1878. In an account subsequently i)ub-

lished he gives figures of the instrument and describes the method of

using it. A carbon button is inclosed in a heavy metallic semi-conical

box. Upon this button rests a metallic i)late holding the lower eud of a

strip of vulcanite, the upper end of which is held by a screw which is

capable of nice adjustment. When radiant heat is allowed to fall on

tlie vulcanite strip, it expands and produces pressure on the carbon,

thus reducing its resistance and causing an increase in the strength of

any current which may be flowing through it at the time. Ordinarily

the tasimeter is made one side of a Wheatstone bridge. To balance it,

at Rawlins, a method of "fractional balancing" was devised, which con-

sisted of a rheostat formed of an iron wire. No. 24, 4 feet long, wound be-

tween two rows of i)ins on a board, used as a shunt around the galva-

nometer. When the pins of one row were all connected by a piece of cop-

per wire, the resistance of the shunt was so low that only a feeble current

passed through the galvanometer, and it was easy to balance it by ad-

iusting the tasimeter. The copper wire was then taken off a single pin,

increasing the resistance of the shunt by -^ ohm, and the spot of

light, deflected nearly ofl" the scale, was again brought to zero. And so

on until the whole shunt was removed, and the whole current was used

on the galvanometer. Its sensitiveness Avas now adjusted by raisiug the

damping magnet until the top of the rod was reached. In this condi-

tion it easily indicated the heat of Arcturus focused on the vulcanite by

a 4-inch object-glass. But upon the corona the deflection was so violent

that the spot of light passed off the scale not to return.

—

{Am. J. Sci.,

Ill, xvii, 52, January, 1879.)

Ridout proposes to show the expansion of glass, as a class experiment,

very neatly, by bending a glass tube of small diameter and 18 inches

long into the form of a horseshoe, so that the free ends approach each

other within a millimeter. Sjjringing these ends apart and introducing



PHYSICS. 253

a coin, it will be held there owing to the elasticity of the glass. On
warming now the outer surface of the glass it expands and the coin drops
out. LeConte, apropos of this, gives an equally striking method for

showing the same thing, first observed by Orme in 1740. A straight

glass tube, 50 or GO*"'" in length and one or two in diameter, is placed

transversely before the fire, supported horizontally near its two ends on
rods of hard wood of about the same diameter, c^irefully Icn-elcd. It

will now roll toward the fire. If the supporting rods be transferred in-

ward so as to support the tube near its middle, the tube will gradually

roW from the fire. In this case the expansion of the glass by the heat is

the moving cause, the falling of the side thus made convex producing

the motion.

—

{Phil. Mag., June, 1880; Nature, xxii, 157, 318, 1880.)

Yillari has experimented to determine the law of the production of

heat by the electric spark in gases. He used a glass globe of about a

liter capacity, having two horizontal and two vertical tubulures. ]>y the

former, the electrodes entered the globe ; the upper vertical one carried

a stopcock, and the lower a tube plunged in a diluted glycerin, serving

as a thermometer. Care was taken to protect the globe from loss or

gain of heat. The results are given in three laws : 1st, the heat devel-

oped by the electric spark in gases is directly proportional to the quan-

tity of electricity which produces it ; 2d, the quantity of heat developed

by the electric spark increases in the proportion of its length ; 3d, the

heat and also the galvanometric deviations produced by the discharge

of a condenser are independent of its surface. The result was not af-

fected by the direction of the spark.

—

{J. Phys.. ix, 5, January, 1880.)

Barrett has studied the phenomena presented by the Trevelyan rocker,

and has come to the conclusion that the theory which ascribes the mo-

tion to the rapid expansion and contraction of the metals in contact is

not the correct one. He believes this motion to be due to the action of

a polarized layer of gas between the hot and cold surfiices, like that ex-

isting between the hot and cold surfaces of the layer of vapor support-

ing a drop of liquid in the spheroidal state, termed by Stoney a " Crookes

\2iyQv:^—{Nature, xxi, 426, March, 1880.)

Carnelley, from certain of his experiments, concluded that in order to

convert a solid into a liquid, the pressure must be above a certain point,

which he calls the "critical pressure" of the substance, otherwise no

amount of heat will melt the substance
;
just as in converting a gas into a

liquid the temperature must be below the critical temperature, or no

amount of pressure will liquefy the gas. As a deduction from his law, it

follows that, provided the pressure be below the critical pressure, solid

ice may be heated to temperatures far above its melting point, passing

then directly into the gaseous condition without previously liquefying.

He therefore tried the experiment, and he succeeded in obtaining "solid

ice at temi)eratures so high that it was impossible to touch it without

burning one's self." Not only so, but water has been frozen in a glass

vessel which was so hot that it could not be touched by the hand with-
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out burning it. Ice lias been maintained for some time at temperatures

far above the boiling point of water, and then it sublimed away with-

out previous melting. The pressure necessary was found to be anything

below 4.G™™ of mercury, the tension of aqueous vapor at 0° C. In the case

of mercuric chloride, these phenomena may readily be produced, since

the critical pressure for this substance is only 420™™. In commenting
on these results, LeConte has called attention to their agreement with

well-known facts. Of course it is understood that it is the vessel which

is hot, not the ice; and that the temperature of the ice must be pre-

served at 0° by the rapid evaporation of it in the solid state. In this

sense, the phenomena are comparable to those of Boutigny on the

spheroidal state, and o f Faraday on freezing mercury in a red-hot cru-

cible. Substances are known which sublime without melting. Such

bodies have their boiling points below their fusing points. By subject-

ing them to pressure, their boiling points may be raised above their

fusing points. Thus metallic arsenic, which sublimes without fusing at

180°, melts under pressure below a red heat. The rapid evaporation

prevents the body from reaching the fusing temperature. Conversely,

by diminishing the pressure its boiling point is lowered below that of

fusion. He gives a noteworthy quotation from Eegnault, published in

1865: ''It is evident that a volatile solid body may be always subjected

to so slight a pressure that it will boil at a terajierature inferior to

that at which it melts. Thus ice at the temperature of—1° C. possesses

an elastic force represented by 4.27™™; in other words, it boils at a

temperature of—1° C. under a pressure of 4.27™™. Ice may therefore be

entirely volatilized by ebullition under this feeble pressure without

reaching its point of fusion, which is 0° C."

—

{Nature, xxii, 434, 603, Sep-

tember, October, 1880.)

Thomson has communicated to the British Association a method for

determining the critical temperature for any liquid and its vapor with-

out mechanism. The pure liquid is placed in a glass tube about 00"^™

long, about 3 or 4*=™ of the upper portion being occupied by the vapor.

The tube is then hermetically sealed and placed in a vertical position.

The upper part is then warmed until the surface of separation of liquid

and vapor sinks below 5*=™ from the top. Then warm the lower part i;

containing the liquid till the surface rises again to a convenient position.

Operate thus, keeping the surface of separation at as nearly as possible

a constant position of 3<=™ from the top of the tube until the surface of

separation disappears. The temperature of the tube at the place where

the surface of separation was seen immediately before disappearance is

the critical temperature.

—

{Nature, xxiii, 87, November, 1880.)

Von Burg has i)resented a jiaper to the Vienna Academy on the action

of safety-valves on boilers. He shows among other things that the

authoritative directions given in different countries as to the size of

safety-valves are not at all adequate, being based on erroneous concep-

tions. As to the cause of the small amount of the lifting of the valve
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during- escape of steam (seldom over ^™™), a vibratory motion of tliis

valve was at first supposed by the author ; but further study and experi-

ment led him to the hypothesis that the steam jets in lifting the valve
do not begin to move from its middle point but from the periphery of a

circle n out to the circumference of the valve of radius r; so that the

pressure of steam on the under surfiice of the valve is composed of two
parts, of which the inner or aerostatic is produced by the solid steam
cylinder of radius p and the outer or weak rn'rodynamic part by the ex-

ternal hollow cylinder of r—p thickness of wall. The phases of develop-

ment of steam tension were also investigated.

—

{Nature, xxi, 180, Decem-
ber, 1879.)

Aitken has propounded the rather remarkable theory that dust is the

germ of which fogs and clouds are the developed phenomena. Steam
was mixed with air in two large glass receivers, one of which contained

filtered the other unflltered air. In the former the steam condensed in

its well-known cloudy form, while in the filtered air no cloudiness what-

ever appeared. From these and similar experiments the author con-

cludes : 1st, that whenever water vapor condenses in the atmosphere it

always does so on some solid nucleus
; 2d, that dust-particles in the air

form the nuclei on which the vapor condenses; 3d, that if there was no
dust there would be no fogs, no clouds, no mists, and ])robably no rain,

audthatthe supersaturated air would convert every object on the surface

of the earth into a condenser on which it would deposit; and 4th, that

our breath when it becomes visible on a cold morning, and every puif of

steam as it escapes into the air, show the impure and dusty condition

of our atmosphere. The importance of these results, meteorologically, is

very great.

—

[Nature., xxiii, 195, December, 1880.)

2. Conduction and Radiation.

Weber has made a series of experiments uj^on the conductibility of

liquids for heat, resting in principle u^ion Fourier's theory. Sup-

pose a thin liquid layer bouuded by two parallel metallic plates, the

whole possessing a uniform temperature. At a given instant the lower

plate is cooled to 0° and the whole system is inclosed in a space at 0°.

I

By determining the law of the variation of the temperature at the

center of the upper plate, the coefficient of conduction may be calcu-

lated. The experiment was made as follows: Upon a plate of copper

0.05™ in thickness, three small slips of glass 2 to 3"^™ thick were placed

to sui^port the second plate of copper. This plate was i^erforated at

center by a small hole through which the liquid was introduced until it

formed a shghtly convex meniscus at the edges of the plates, care being

taken to leave no bubble of air. When the whole had acquked the tem-

perature of the laboratory one of thejunctions of a thermoelectric cou]>le

was put in contact with the center of the upper plate, the other remain-

ing in the melting ice. An aperiodic oscillation galvanometer in the

circuit gave, by a simple reading, the electromotive force, and so
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the temperature of the iii)per plate. By the help of a pulley aud cord,

the two plates thus prepared -were placed on a thick and flat plate

of ice and immediately covered with a double cylinder filled with ice.

The lower plate takes at once the temperature of the ice and remains so;

in one or two minutes the circuit of the galvanometer is closed and the

I)osition of the needle read every 20 seconds. The value of Ic, in absolute

C. G. S. unit-s, was found for carbon disulphide, 0.0250 ; for benzene,

0.0200 ; for water, 0.0745 ; copper sulj^hate, 0.0710 ; for zinc sulphate,

0.0691 to 0.0711 ; salt, 0.0692 ; alcohol, 0.0292 ; ether, 0.0243 ; chloroform,

0.0220 ; oil lemon, 0.0210 ; olive oil, 0.0235
;
glycerin, 0.0402. These results

in general agree with those obtained by Lnndquist.

—

{J. Phi/s., ix, 169,

May, 1880.)

CrovaJias x^roposed a jiurely optical method for meavsuring high tem-

peratures, founded uj^on the principle that two incandescent bodies,

having the same radiating power, are at the same temperature when

the spectra which they give are identical in extent. The instrument

which he has devised for these measurements he calls a spectropyrom-

eter. It is composed of a direct-vision spectroscope, having a slit in

the eye-piece to limit the field, and having the observing telescope mov-

able about an axis perpendicular to the length of the spectrum, its play

being limited to wave-length 676, and on the other side to wave-length 523.

Over half the slit is a total-reflection prism, and in front of the slit is a

Nicol prism in the center of a graduated circle, a second Mcol being

jilaced either between this and the lamp, or preferably just behind the

slit of the collimator. To measure the temperature of a body in optical

degrees the telescope is first directed to the fixed point in the red, the two

Nicols are put at 0°, and the intensities of the two spectra made equal,

either by moving the moderator-lamp used as the standard farther off, or

by rotating a Nicol placed between the body and the reflecting prism.

The telescoiie is then moved to wave-length 523 in the green, and two

green images are obtained of unequal intensities. If the temperature of

the body is less than that of the lamp (below 2000° C.) the greens are

made equal by rotating the IS^icol. If a be the angle of rotation the in-

tensity is equal to 1000 cos ^a if the temperature ofthe lamp is 1000 optical

degrees. To calibrate the instrument, the temperature of the lamp flame ?jfi

was comijared with that of an air-thermometer with a porcelain bulb

heated in a furnace until the spectra of the two were identical throughout.

In this way Crova fiuds in optical degrees the following values for the i

.

sources examined: Platinum strip heated to redness in a gas flame, 524; ;]

the same heated to a white heat in a gas blow-pipe flame, 810; moderator- !

lamp fed with colza oil, 1000 ; stearin candle, 1162 ; illuminating gas (Ar-^
;

gand burner), 1373; oxyhydrogen light (oxygen and coal gas on lime), ).'

1806 ; electric light (60 Bunsen cells), 3060 ; solar light, 4049. Thq author r|||

hopes to compare in this way the intensities of the simple radiations of

incandescent vapors, provided that the spectrum consists of more than <

j

a single line.

—

[Ann. Chim. Phys., V, xix, 472, April, 1880.)
;
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Monton, in an elabornte memoir, has given the resnlts of his experi-

ments to determine the wave-length of dark lieat rays by a metliod

depending on the position of interference bands in polarized light. In

the formula the wave-length appears as a function of the thickness of

the interfering film, of the difference of the indices for the two rays of

this wave length, and of the number of wave-lengths concerned. By
the measurement of these values the wave-length was easily calculated.

The result obtained is noteworthy, since it gives us a wave-length

actually measured of 0.002140™°", or 2.14 /i. If this be compared

with the wave-length of the ultra-violet line 11, measured by Mas-

cart, 0.00031775, it will be seen that the wavelength of this ultra-red

line is more than six and a half times greater. The entire ether gamut
known is more than two and a quarter octaves, while the total chemical

and luminous radiation covers scarcely a single one.

—

{Ann. Chim. Phys.,

Y, xviii, 145, 1879; J. Fhys., ^iii, 393, December, 1879; ix, 113, April,

1880.)

Kosetti has given a series of measurements upon the temperature of

the voltaic arc, using a method which consists in receiving upon the

I
face of a thermopile placed at a convenient distance, rays emitted from

I a surface of known area, and measuring the thermic effect on a sensitive

galvanometer. The following are his conclusions: 1st. The carbon pos-

i itive pole from the moment of the production of the electric light has

j
always a higher temperature than the negative. 2d. These terapera-

" tures vary according to the variation in the strength of the current.

, 3d. They are as much higher as the radiating surface is smaller, pro-

I
vided, obviously, that the end of the point be included. 4th. For the

negative pole the minimum temperature was found to be 1910° C, the

; radiating surface being large and not very brilliant in some places. The

I

maximum temperature observed was 2532° C, the radiating surface being

• one-half the preceding. 5th. For the positive pole the minimum temper-

I

ature found was 2312° C, the carbon being very large and tlie radiating

I

surface extended. For the maximum temperature, 3200° C, where the

carbon was thin and the radiating surface nearly one-fourth of that cor-

responding to the minimum temperature. Gth. The extreme point of

, the negative carbon may be considered at 2500° C. at least; that of the

i positive carbon not less than 3200°.

—

{Ann. Chim. Phys., V, xviii, 457,

\ December, 1879 ; J. Phys., viii, 257, August, 1879.)

Eosettihas published also an extended memoir on the temperature of the

sun, giving the experimental methods employed and the results obtained.

I

For the purpose of determining the law of radiation as a function of the

temperature, the thermopile, which was connected with a Wiedemann re-

flection galvanometer, received the heat radiated from a Leslie cube, con-

taining water for the lower and mercury for the higher temperatures,

up to 300° 0. Accurate thermometers gave the temperatures of the air

outside and of the liquid inside the cube. From the data thus obtained

an empirical formula was derived, which the author thinks represents

S. Mis. 31 17
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the facts better than that of Dulong and Petit. From this, results were

calculated for temperatures beyond 300° and up to 2000°, which agreed

well with those derived from experiment. The apparatus was then ap-

plied to the determination of the solar temperature. The thermopile

was placed where the direct rays of the sun could fall normally upon its

face. Four readings of the galvanometer were made during each obser-

vation : the first with open circuit to fix the zero point ; the second, with

closed circuit, the case of the pile being closed ; the third, after opening

the case to allow the heat rays to act; the fourth, with the case ojien and
the solar rays intercepted by a double-walled screen placed one meter off.

This last reading was generally negative, the iiile radiating heat into

space. Calculated from these results it appeared that the thermic effect

which wouhl be produced by the solar radiation falling normally on the

face of the pile, if the atmosphere did not exist, or if the pile were above

it, is represented by 323 scale divisions. Since resistance was used in the

circuit in the last experiments, this value must be multiplied by 5.G921

to make it comparable to the others ; this giv^es 1838.5 divisions. Calling

the effective temperature of the sun, that which an incandescent body

of the same size placed at the same distance should have to produce the

same effect, its emissive jjower being at the maximum, the formula gives

as the absolute effective temperature of the sun 10238O.4, or in degrees

centigrade, 99G5.4. The author concludes that if the absorption of our

atmosphere only be taken into the account, the true temperature ofthe sun

cannot be far inferior to ten thousand degrees. If the absorption pro-

duced by the solar atmosphere be also considered, and Secchi's estimate

of .88 be allowed for it, then this temperature is higher but not very far

superior to twenty thousand degrees.

—

{A7in. Chim. Fhys., Y, x^i, 177, >

June, 1879.)

Langley has compared the intensity of the solar-heat radiation with 1

that of the incandescent surface of Bessemer steel in fusion as it flows

from the converter. The temperature of this molten metal is above that

at which platinum melts, a wire of this metal fusing in the gas stream

issuing from the mouth of the converting vessel ; hence it is from 1800°

to 2000° C. The heat radiated from the liquid stream fell on one face of

a thermopile, while a bundle of solar rays was reflected on to the other

face. Though the apparant diameter of the opening of the converter

was many times that of the sun, so much greater was the energy of the

latter that a lens was interposed to form a magnified image of the sun

on the pile, and it was diaphragmed to bring the needle to zero. Calcu-

lating for equal diameters, the solar energy w as found to be 86 times that

of the molten metal at least. Photometric comparison showed the solar-

light radiation to be 5,300 times that of the metal. Crova, in noting

these experiments, calls attention to the rapid increase of light emitted

by melted silver as the temperature rises, being 147 times greater at

1200O than at 916^, and hence 28,900 times at 1500°, as evidence that the

sun's temperature is quite moderate compared with some of the calcu-

lations made on the subject.

—

[J. Phys.., ix, 59, February, 1880.)

I
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Crookes has made remarkable process in stndying tlie phenomena
of molecular physics in high vacua, and has obtained results even more

novel and striking than those connected with his marvelous little in-

strument, the radiometer. In a paper read to the Royal Society Decem-

ber 5, 1878, he showed that the dark space which surrounds the negative

pole in an ordinary vacuum tube illuminated by an induction coil, is the

result of intense molecular vibration which excites a molecular disturb-

ance in the surface of the disk and the surrounding gas. As the rare

faction increases, this layer of molecular disturbance increases in thick-

'ness. At a pressure of 0.078™", it extends for 8'"™ from the disk. It

is greatest in hydrogen and least in carbon dioxide. Numerous ex-

periments were devised to ascertain whether this visible layer of molec-

ular disturbance was identical with the invisible layer of molecular

pressure. A radiometer with aluminum disks, each coated with mica,

when made the negative electrode, revolved rapidly as soon as the dark

space is made by exhaustion to extend to the glass. With a cup-shajjed

aluminum electrode, the convergence of the lines of force to a focus was

very marked. When the exhaustion becomes very high the dark space

^lls the tube, and where the rays after divergence fall on the glass, a

sharply-defined spot of greenish-yellow light appears. This greenish-

yellow phosphoresi-encc of molecular impact is due to the i)articular

kind of glass used. Other kinds of glass give different colors. At 4 M
exhaustion (M refers to millionths of an atmosphere) no other light than

this is seen. At 0.9 M the phosphorescence reaches it maximum. At
0.15 M the spark passes with difficulty and the light appears in Hashes.

At 0.06 M the vacuum is non-conducting, and only very intense sparks

will i)ass. Beyond this nothing has been observed. The rays producing

the green phosphorescence will not turn a corner. Hence a body in

their path intercepts them and casts, as it were, a shadow on the glass

behind it.

Mr. Crookes advances the theory, therefore, that the induction spark

actually illuminates the lines of molecular pressure caused by the elec-

trical excitement of the negative pole. The thickness of the dark space

is the measure of the mean length of the path between successive col-

•lisions of the molecules. The extra velocity with which the molecules

rebound firom the excited negative pole keeps back the more slowly

moving molecules which are advancing toward that pole. The con-

flict occurs at the boundary of the dark space, where the luminous

margin bears witness to the energy of the collisions. By using a rotat-

ing fly it may be caused to revolve with high velocity by directing the

molecular impact on one side of it. Moreover, these lines of molecular

force are markedly deflected by a magnet, the action being to twist the

trajectory of the molecules, the direction of twist when an electro-mag-

net is used being that of the electric current round the magnet. When
the magnet is so adjusted as to exert a uniform downward pull on the

molecules, the trajectory is much curved at low exhaustions, and gets
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flatter as tlie rarefication increases, exhibiting a close parallelism with

the i^henomeua of projectiles. Moreover, great heat is produced by the

impact of these molecules. A large hemispherical cup of aluminum

used as the negative pole gives a focus in which i)latinum may be melted.

The conditions in these high vacua are special. The free path of the

molecules is so long that the average molecule is allowed to obey its

own motions or laws without interference ; so that if this path is com-

parable to the dimensions of the vessel, the properties which constitute

gaseity are reduced to a minimum, and the matter becomes exalted to

an ultra gaseous state. The phenomena in these tubes reveal a new
world, a world where matter exists in a fourth state, where the corpus-

cular theory of light holds good, and where light does not always move
in a straight line.

In a lecture on radiant matter, delivered at the Sheffield meeting

of the British Association, August 22, 1879, CrooUes discussed and
elegantly illustrated the principles given in the paper above quoted.

His vacua are thus grapliically described: "According to the best au-

thorities a bulb of the size of the one before you ( L3.5*=™ in diameter)

contains more than 1,000,000,000,000,000,000,000,000 (a quadrillion) of

molecules. Kow, when exhausted to the millionth of an atmosphere,

we shall still have a trillion molecules left in the bulb, a number quite

sufficient to justify me in speaking of the residue as ^natter. To suggest

some idea of this vast number, I take the exhausted bulb and perfor-

ate it by a spark from the induction coil. The sj^ark i>reduces a hole

of microscopical fineness, yet sufficient to allow molecules to penetrate

and to destroy the vacuum. The inrush of air impinges against the

vanes and sets them rotating after the manner of a wind-mill. Let us

suppose the molecules to be of such a size that at every second of time

a hundred millions could enter. How long, think you, would it take

for this small vessel to get full of air ? An hour, a day, a year, a century ?

Nay, almost an eternity! A time so enormous that imagination itself

cannot grasp the reality. Supposing this exhausted glass bulb, indued
with indestructibility, had been pierced at the birth of the solar system;
supposing it to have been present when the earth was without form and
void; supposing it to have borne witness to all the stupendous changes
evolved during the full cycles of geologic time—to have seen the first

living creature appear, and the last man disappear; supposing it to sur-

vive until the fulfillment of the mathematician's prediction that the sun,
the source of energy, four million centuries from its formation, will

ultimately become a burntout cinder; supposing all this—at the rate of
filling I have just described (100 milHou molecules a second) this little

bulb even then would scarcely have admitted its full quadrillion of
molecules. But what will you say if I tell you that all these molecules,
this quadrillion of molecules, will enter through the microscopic hole
before you leave this room? The hole being unaltered in size, the
number of molecules undiminished, this apparent paradox can only be

mm

f
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explained by again supposing the size of the molecules to be diminished

almost infinitely, so that instead of entering at the rate of 100 millions

every second they troop in at the rate of something like 300 trillions a

second. I have done the sum, but figures, when they mount so high,

cease to have any meaning, and such calculations are as futile as trying

to count the drops in the ocean."

—

{Proc. Roy. Soc, December 5, 1878

;

Fliil. Mag., January, 1879; Am. J. ScL, III, xvii, 218, March, 1879; xviii,

241, October, 1879; Nature, xx, 228, 250, 419, 43G, 1879.)

In a subsequent communication to the Eoyal Society, Crookes saj's that

he has examined some of these phenomena more closely, and has con-

firmed the molecular-stream hypothesis. If, however, the residual mole-

cules, being negatively charged by contact with the negative pole, and so

repelled, were solely acted on by the initial impulse from the negative

l^ole, they would take a direction accurately normal to the surface re-

pelling them, and would start with their full velocity. But the mole-

cules, being all negatively electrified, exert mutual repulsion, and there-

fore diverge laterally. The negative pole, likewise, not only gives an
initial impulse to the molecules, but it also continues to act on them
by repidsion, the result being that they move with an accelerating ve-

locity the further they get from the pole. AVithin the dark space at a

moderate exhaustion, the velocity does not aecumulate to a sufficient

extent to i^roduce phosphorescence; but at higher exhaustions the

mean free path is long enough to allow the molecules to get up speed

sufficient to cause phosphorescence. The luminous boundary to the

dark space around the negative pole is probably due to the impact of

molecule against molecule, producing ])hospliores('ence of the gas in the

same way as the impact of molecules against German glass produces

j)hosphorescence of the glass. The effect of deadening produced on

glass by long-continued phosphorescence, which was illustrated by
stenciling, by means of a discharge from the negative pole, the image
of a maltese cross on the end of a large pear-shaped bulb, has been
further developed by opening the bulb and heating the wide end in the

blowpipe flame until soft and melted out of shape. It was then blown
out again into its original shape and re-exhausted ; on connecting it

with the coil, the original ghost of the cross was seen to be still there.

At Maxwell's suggestion a third, idle, electrode was introduced into a

tube. On connecting it with an electroscope, it appeared that when in

a direct line between the positive and negative poles, and receiving the

full impact of the molecules driven from the negative pole, it had a

strong positive charge. The eflect of magnetism on the discharge has

been further examined, and this was found to be so sensitive that when
the tube was placed parallel to the earth's equator, the earth's magnet-

ism was sufficient to cause the spot of light to move five millimeters

away from the position it occupied when the tube was parallel to the

dipping needle. Complete .and orderlj' rotation of the molecular rays

was obtained by placing an electro-magnet beneath the tube in a line
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with tlie terminals. With reference to the lieating effect of molecular

bombardment, a plate of German glass was held in the focus and soon

became red hot. Gas then appeared in the tube, which gave the hydro-

gen spectrum. This was pumped out and the exi)eriment repeated.

The glass could bo heated to dull redness without evolution of gas, but

when the heat approached the fusing point, the lines appeared. This

hydrogen the author thinks comes from vapor of water which is obsti-

nately held in the superficial pores, and which is not entirely driven off

by anything short of actual fusion of the glass. From an experiment

in which a hole in a mica disk was placed in front of a negative elec-

trode of platiiuTm, and the tube opposite the hole was not more darkened

than the surrounding portions, Crookes infers that the molecular stream

does not consist of particles of the negative pole shot off" from it. With
regard to the production of phosphorescence by impact in crystals, the

conclusion is arrived at that the rays whose direction of vibration cor-

responds to the direction of maximum optical elasticity in the crystal

are always originated where any light is given out.

—

{Nature, xxii, 101,

125, June, 1880.)

More recently, Crookes has written a letter to the secretary of the

Eoyal Society, in answer to a challenge from De la Rue, defining his

position in reference to the ultra-gaseous or fourth state of matter.

This letter concludes thus :
" The molecule—intangible, invisible, and

hard to be conceived—is the only true matter, and that which we call

matter is nothing more than the effect upon our senses of the move-

ments of molecules, or, as John Stuart Mill expresses it, ' a permanent

possibility of sensation.' The space covered by the motion of molecules

has no more right to be called matter than the air traversed by a rifle

bullet can be called lead. From this point of view, then, matter is but

a mode of motion ; at the absolute zero of temperature the inter-molec-

ular movement would stop, and although something retaining the prop-

erties of inertia and weight woiild remain, matter, as we know it, would

cease to exist."

—

{Froc. Roy. iSoc, June, 1880; Nature, xxii, 153, June,

1880.)

Marangoni has studied the diathermanous power of liquid films, using

for this purpose soapy water. A series of equidistant films 8 or 10 in

number was produced in a wide glass tube, and heat rays from a smoked
plate at 400^ were reflected through the tube by a mirror, a second

mirror at the other end directing them on the face of the thermopile.

He found, (1) that the first film absorbs more than half the heat, re-

ducing the deflections from 38 to 18 divisions
; (2) the successive films

produce decrements as theory indicates
; (3) the diminution of intensity

depends very little on reflection, but almost wholly on absorption
; (4)

the thinner the film the more diathermanous it becomes
; (5) the dia-

thermaneity is not sensibly affected by mixing various salts with the

solution of soap.

—

{Nature, xxi, 620, April, 1880.)

Lecher has made further experiments on the absorbing action of car-

I

—

^
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bon dioxide for radiant heat, with especial reference to the effect of this

gas in the atmosphere. Usiug a gas Haine and a glass cylinder,

he found that a layer of the gas 214'"°» thick allowed 94.8 per cent,

of the radiation to pass; 530"^"^ allowed 93.8 per cent.; and 917'""^ 89

per cent. The sun's rays were proved to undergo considerable weak-

ening in their passage through carbon dioxide ; a layer of the gas one

meter thick absorbing 13 per cent, when the sun's altitude was 59°,

diminishing as tlie sun got lower. The absorption of solar radiation

by carbon dioxide is selective therefore, the absorbable wave-lengths

becoming rarer as the thickness of the atmosphere already traversed

increases. From his experiments. Lecher calculates the proportion of

carbon dioxide in the atmosphere to be 3.27 parts in 10,000 by volume.

The agreement of this value with that obtained by direct chemical

methods suggests that absorption is a good method for its rapid deter-

mination in the air.

—

{Mature, xxiii, 209, December, 1880.)

3. Specific heat.

Mile. Stamo has publislied as an inaugural dissertation at Zurich

some researches upon the specific heat of water. In the first set of experi-

ments a brass calorimeter was used, filled to within one centimeter of

the top with copper turnings loosely packed. Into this the water,

heated gradually in a copper vessel placed in an oil bath, was poured.

The high conducting power of the copper turnings rendered it unneces-

sary to agitate the liquid. The author having determined in advance,

as exactly as possible, the specific heat of copper as compared with

water at ordinary temperatures, the comparison could easily be made
with the water heated to GiP or 80^. The mean of the coefficient of va-

riation of the specific heat of water is 0.0012550. In the second set

of experiments, the same electric current was passed through wires of

platinum, or of German silver, about 3""" long, rolled on rubber frames

and immersed in calorimeters full of water, one being surrounded

with ice, and the other with water at a constant temperature t. From
the heating observed, the specific heats at 0° and at P were calculated.

In this way the variation coefficient was found to be 0.000859, a value

of the same order as in the first case.—(<7. Phi/s., ix, 138, April, 1880.)

Witz has examined the cooling jiower of air at high pressures with a

view to verify the exactitude of the law of Dulong and Petit, according

to which the heat removed at each instant from a body by any gas sur-

rounding it depends only upon the excess of temperature of the body
above the surrounding medium, and upon the pressure of the gas. The
apparatus consisted of a cast-iron cylinder of 13 liters capacity, strong

enough to sustain a pressure of 10 atmosj^heres, lampblacked on its in-

terior. Within this was placed a cylindrical cup of thin iron, 51""" long

and 27™"" in diameter, surmounted by a tube 8™*" diameter, by which it

is adjusted to the center of the large cylinder. The cup holds 200 grams

of mercury, and the stem of a thermometer is j)lunged into it. The
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volume of the outer cylinder is 400 times that of the inner. In making
"

an experiment the 200 grams of mercury, weighed with care, is heated

in an iron vessel, and poured into the central cup. The thermometer is

at once immersed in it, and its temperature noted by means of a tele-

scope a meter distant. The time of passage of the column from five

to five, or from ten to ten divisions is noted on a chronograph. The

pressures experimented with were from 700 to 0,400™™; and the general

result obtained was that the law of Dulong and Petit ceased to be ap-

plicable at about 1,520™™, the pressure exponent passing from 0.45 to

0.05 ; though at 3,040™™ it Avas 0.54, and at 0,080™™, 0.44. Studying the

phenomena more carefully between 800 and 2,000™™, Witz found that

Dulong's law represented the facts from 800 to 1,200™™ ; and that from

1,200 to 1,000™™ there was a very rapid change, the exponent rising to

0.85, the curve of velocities presenting a point of inflection near this

I)ressure. This the author shows in a graphic curve.

—

{Ann. Cliim. Phys.,

y, xviii, 208, October, 1879.)

LIGHT.

1. Reflection and Refraction.

Schwendler has proposed a new light-unit founded upon the ignition

of a strip of platinum, as originally suggested in 1844 by Draper and in

1859 by Zollner, and put into practical use for electrical illumination by
Farmer also in 1859. This unit of luminous intensity is given by a cur-

rent of 0.15 webers passing through a platinum strip 2™™ wide, 3G.28™™

long, and 0.017™™ thick, weighing 0.0204 gram, having a calculated re-

sistance of 0.109 mercury-unit, and an actual resistance (including that

at the two contacts) of 0.143 mercury-unit at the temperature of 00° F.

This strip should be of pure metal, cut into tlie U-form, and connected

by large conductors with eight Grove cells of low resistance. The cur-

rent is maintained constant by means of a mercury rheostat, in the form

of a U-shaped groove, a millimeter in cross-section and a meter long,

cut in a board and filled with mercury. A copper bridge movable along

this groove enables the current to be kept constant, as indicated on a gal-

vanometer. The P. L. S. (platinum light standard) is equal to nearly

0.7 standard candle. The economy of this light in comparison with that

of the voltaic arc is over 70 times in favor of the arc.

—

[Phil. 2Iag., Y,
viii, 392, November, 1879; J. Phys., ix, 135, April, 1880.)

Eder has suggested a chemical photometer. The solutions are pre-

pared by dissolving separately, each in one liter of water, 40 grams of

ammonium oxalate and 50 grams of mercuric chloride (corrosive sub-

limate). When used, two volumes of the former solution are mixed
with one volume of the latter, and exposed to the light. The liquid be-

comes turbid, and a black precipitate is thrown down. The weight of

this precipitate per square centimeter of surface exposed to the light

gives the measure of its intensity.—(i3cr. Ale. Wien, 1879, 240; J. Phys.,

ix, 110, March, 1880.)-

i^^
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Gouy has investigated the photometry of colored flames, and has de-

vised a spectroscope by which various sources of light of diftereut colors

may be compared with others, the comparison being made in parts of

their spectra having the same tints. The spectroscope is an ordinary

two-prism instrument, the collimator having its objective half covered

with a plate of plane glass so iucliued that the light from a second colli-

mator falling on its face is reflected into the i)risms. The eye, therefore,

sees in the observing telescope two spectra in exact coincidence, one

coming from each of the two collimators. One of these comes from a

gas flame, and is continuous ; the other is a bright line spectrum com-

ing from an incandescent vapor. By means of two Nicol prisms the

intensity of the former may be regulated. The angle between these

prisms measiu'es the illuminating i)Ower. The author shows that for

wide bands, and for contiiuious spectra, their transi)arence is complete.

For narrow lines, it appears not to be true; that for each simple ray the

emissive and the absorptive power depend only on the quantity of vapor

contained in a right cylinder having a unit base, and for its height the

thickness of the layer; that two layers of vapor at the same temperature,

which give the same brilliance to a given line, have identically the same

vapor quantity aiul are optically alike; and that the widening of lines

is a necessary consequence of the fact that the radiation of the vapor is

a continuous function of the wave-length, which does not disap])ear be-

yond the lines, but fornu, a background of continuous s])ectrum, which

is never wanting when the illumination is sufiicieutly brilliant.

—

{Ann.

Ghim. Phys., V, xviii,5, September, 1879; J. Plujs., ix, 19, January, 1880.)

Michelson read at the Saratoga meeting of the American Association

a pajjer describing his experimental determination of the velocity of light.

The method which he employed was Foucault's, with a revolving mirror,

but in which some modifications were introduced. The chief of these

was the replacement of Foucault's si)herical mirror by a plane mirror,

thus enabling the distance between this mirror and the revolving mirror

to be increased indefinitely. To make the displacement of the returned

image as great as possible, the distance from the slit to the revolving

mirror and the speed of rotation should also be increased. But increas-

ing the first distance diminishes the second, from the laws of conjugate

foci. This difficulty was overcome by using a lens of 150 feet focus, and

by placing the revolving mirror 15 feet within the principal focus of the

lens. In the experiments the distance between the two mirrors was

nearly 2,000 feet, and the distance from the slit to the revolving mirror

was about 30 feet, the speed of the rotating mirror being about 257 rev-

olutions per second. The deflection obtained exceeded 133™"*, being

about 200 times that obtained by Foucault. This deflection was meas-

ured to within three or four hundredths of a millimeter, and the result

therefore may be regarded as correct within one ten-thousandth part.

The mirror was rotated by an air turbine on the same axle, the i)ressure

of air being kept constant by means of a water-gauge. An electrically
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vibrated tuniDg-fork was used to regulate and measure the speed, the

light from the revolving mirror being reflected from a steel mirror on

one of the prongs to a piece of plane glass in front of the eye-piece, and

thence to the eye. AYheu the mirror makes as many turns as the fork

makes vibrations, or when these are in simple ratio to each other, the

two images become stationary. The electric fork made 128 vibrations,

and was compared at each set of observations with a standard Uts fork

making 25G.072 vibrations at 05° F. The deflection was measured with

an accurate micrometer. The results are given in 100 readings, each of

which is the mean of ten separate observations. The mean value cor-

rected for temperature, for the velocity of light in air is 290,804 kilome-

ters per second. Adding 80 kilometers to reduce it to vacuo, this value

becomes 299,914 kilometers, with a probable error of ±51 kilometers.

—

This gives 180,380 miles per second reduced to English measure.

—

{Am.

J. 8ci., Ill, xviii, 390, I^ovember, 1879.)

Ayrton has given a lecture at the Royal Institution upon magic mir-

rors, the effects of which, as it appears, so far from being intended, were

quite unknown to the Japanese, though known to the Chinese from the

earliest times. On reflecting a divergent beam of light from such a

mirror, Ayrton found that the pattern on the back appeared bright on

a dark ground ; with a parallel beam no pattern could be seen; while

with a convergent beam the pattern was dark on a light ground. Hence,

the effect must be caused by inequalities in tlie curvature of the reflect-

ing surface corresponding to the raised pattern on the back, the portions

where the relief increases the thickness of the plate being flatter than

the remaining convex surface, and sometimes actually concave. The
result is very exceptional, being shown well in only 2 or 3 per cent, of

the mirrors made. It is produced when the bronze casting is worked

sufficiently thin to determine a buckling of the metal.

—

[Xature, xix, 18G,

539, December, 1878; April, 1879.)

Govi presented to the Turin Academy in 18G4 a valuable historical

paper upon the magic mirrors of the Chinese, called by them Theon-

Jcouang-lcim, or mirrors which the light can penetrate. In this he shows
that if the mirror be heated from behind the thin portions heat most
rapidly, become more convex, and the magic effect is made more marked.
Bertiu, associating himself with Duboscq, sought to improve upon this

suggestion of Govi's, by varying the curvature by pressure. A frame
was constructed for holding the mirror so that air could be forced in

behind it to make its surface more convex, or exhausted to make it con-

cave. A mirror in nickel-plated brass, on the back of which figures

were engraved and relief ornaments soldered, became very magic by
pressure, giving simultaneously a dark image of the depressed designs

and light images of those in reliet—{Ann. Chim. Phys., V. xx, 99, 110,

143, May, 1880; J. Phys., ix, 401, December, 1880.)

Bibart has shown that although the images produced in the kaleid-

oscope are sharp when looked at directly, whatever be the angle between
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tbe mirrors, this is true of projected images only when the angle between

the mirrors is an even submultiple of the circumference. For this projec-

tion the light should be concentrated upon the object, say a small hole

in a blackened screen. Behiud this screen are the blackened mirrors,

one horizontal, and behind these a lens for producing the image on the

screen. If the inclination of the second mirror be varied, the number
of the images increases by doubling one of them.

—

{J.Phys., ix, 11. Jan-

uary, 1880.)

Bleekrode has measured the indices of refraction of cyanogen, carbon

dioxide, and ammonia, liquefied in a Faraday tube having parallel sides

at one end. He used the method of determining the index by the dis-

placement of an object seen with a microscopic objective when the space

at first empty is filled with the liquefied gas. The index of cyanogen,

at 13°, for the sodium line, was found to be 1.3110 ; of carbon dioxide at

19°, 1.1C3; of ammonia at 17°.5, in sunlight, 1.314. The index of zinc-

ethyl was obtained as 1.189. The above value for CO3 is very near that

obtained by Brewster in 182G, for a liquid contained in a cavity in Bra-

zilian topaz, undoubtedly liquid CO^.

—

{Ann. rhys. Chem.^ II, viii, 400,

1879; J. Fhys., ix, 141, April, 1880.)

Bertin has described an inverting prism devised by Duboscq for use

with the lantern, in cases where the object cannot itself be inverted. It

consists of a right-angled isosceles prism whose hypothenuse is idaced

parallel to the axis of a convergent beam of light, its center coinciding

with the focal point. Under tliese circumstances the beam is totally

reflected Irom the base of the ])rism and inverted. In practice, two of

these prisms are placed in the beam from the lantern, with their bases

together. Tbe use of a prism for this puri)ose is not new ; it is figured

in Brewster's Ox)tics (London, 1853, p. 454,) where it is described for the

same purpose. More recently (J. Fr. Inst, Ixiii, 375, 1872) Zentmayer
has constructed an inverting prism for the microscoi)e, which he has

also used for the lantern, and which would seem to be more effective so

far as amount of light is concerned than the Duboscq arrangement.

—

{J. Phys., viii, 33G, October, 1879.)

Gariel has proposed some ingenious mechanfcal models for illustrat-

ing the relations of the foci of lenses. Two rods are articulated on a
line perpendicular to the axis of the lens—drawn in section—at a point

near its circumference. These rods are attached near their ends to op-

posite parts of a cord which moves over pulleys attached to the frame.

Since the angle between the rods remains constant, by moving the cord

the variations in the positions of intersection of the rods with the axis,

i. c, the foci, may be clearly shown. A noteworthy modification of

this model enables the optical phenomena of the eye, accommodation,

emmetropia, myopia, and hypermetropia, to be shown distinctly to an
entire class.

—

{J. Phys., ix, 340, October, 1880.)

Stevenson has suggested an instrument for exj>loring dark cavities

which are inaccessible to direct light. It is simply a train of prisms by
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which the ray is properly bent, these prisms being suitably achroma-

tized. Light is thrown into them from a mirror at the end of the train.

This traverses the system, illuminates the object by reflection from the

last surface, also a, mirror, and then returns over the same i)ath, passing

to the eye through an opening in the first mirror. The number of prisms

which may be used is limited only b}' the light and the definition.

—

(Na-

ture, xxi, 14, November, 1879.)

Joseph LeOonte has continued his researches on binocular vision, and

has published a pai)er on the laws of ocular motion. The conclusion

whicii he reaches is that wlien the eyes move in the same direction,

parallel to each other, as in ordinary vision of objects, all their motions

are governed by the law of Listing; i. e., they are effected without rota-

tion on the optic axes. But when, on the contrary, they move in oppo-

site directions, as in strong convergence, then the law of Listing is en-

tirely abrogated or overborne and another law reigns in its place.

—

{A/m.

J. Scl, III, XX, 83, August, 1880.)

Steiuhauser has pointed out a fixed relation between the size and rel-

ative i)osition of the two views of a stereoscopic picture, the lenses of

the camera with which it is taken, and the optical arrangements of the

stereoscope in which it is to be viewed. If these relations are rightly

observed the effect of relief will be much more perfectly attained for all

parts of the picture. The eye-pie(;es of the stereoscope above the plane

of the photographic pictures ought to be made as nearly as may be

equal to the focal length of the objective of the photographer's camera,

and this again should be about equal to the mean distance of easy

vision, or from 10 to 12 inches. Hence he suggests: 1st, that all stereo-

photographs should be taken with lenses of the same focal length, say

lo^"".; 2d, that all should be made of equal breadth or about TS^'^j

and 3d, that the distance between the centers of the objective lenses

should be constant.

—

{Nature, xxi, 117, December, 1879.)

Obach has made a series of experiments to determine whether the

phosphorescent light of Bahnain's paint Avould produce any sensible

effect on the conductivity of selenium. For this purpose a Siemens
selenium cell was used, which was exposed to a phosphorescent surface

20 by SOc'", placed at GO^^^ distance. When exposed to the light reflected

from the ceiling of a semi-dark room, the light from the phosphorescent
surface reduced the conductivity of the selenium 0.7 per cent.; light

from the ceiling of a well-lighted room for 15 minutes, 2.4 per cent.;

light of sky at 5 p. m. for several minutes, 4.6 per cent.; light from
few inches magnesium ribbon, 5.1 per cent.; sunlight for two minutes,

7.8 per cent. The influence of 350 square centimeters of luminous sur-

face, excited by diffused daylight, \vas found equal to 0.0014 standard
candle or 0.04 standard candle per square meter.

—

{Nature, xxii, 496,

September, 1880.)

Graham Bell presented to the American Association at its Boston
meeting a paper by himself and Tainter on the production and repro-
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duction of sound by lij:>lit. The apparatus devised for the purpose he
calls a photoplione; aud its action is based on the fact that when an in-

termittent beam of light is made to fall on a disk of almost any mate-

rial, this disk emits sounds whose pitch is the same as the number of

intermissions. The substance most sensitive, however, is selenium,

which, as is well known, diminishes in its electrical conductivity by the

action of light. When therefore an electric current was passed through
a selenium cell aud a telephone, the intermittent beam of light falling

on the selenium varied its resistance so as to reproduce an intermittent

electrical current of the same pitch distinctly audible in the telephone.

The cell was made of disks of brass, alternating with slightly smaller

disks of mica, the metal disks being alternately united ele(;trically. In

the grooves between these metal disks melted selenium was placed, and
the whole was heated to such a temi)erature that the selenium jxissed

into the crystalline state. This cell, placed in the focus of a parabolic

mirror, constituted tlie receiver. The transmitter consisted simply of a

sheet of mica or thin glass, silvered, against the back of *7hich the voice

could be directed by means of a mouthpiece. Upon this a beam of con-

densed sunlight was allowed to fall, whence it was reflected to the dis-

tant receiver. On talking into the mouth-piece, the beam of light varied

correspondingly, and the si)oken words became audible in the tele-

phone.

—

(Am. J. iSvL, HI, XX, 'M)3, October, 1880. See also Ann. Ghim.

Phys., Y, xxi, oDO, 5G0, 1880; Nature, xxii, 500; xxiii, 1(), 58, 1880.)

Mercadier has studied the simpler forms of tlie photo])hone, which he
calls radiophone, a sort of optical siren, in which a rotating dislc pierced

with holes is interposed in the path of light-rays, causing interraittences

of a period corres])onding to the speed. The disk used is simply a sheet

of black paper gummed on a glass disk to avoid tlie whistling sound
noticed with perforated disks. The receiving disks were fixed in a suit-

able holder, at the end of a sliort hearing-tube of India rubber. When
the substance used was opaque, like zinc, copper, etc., the loudness is

the same, whether ])olished or not. Thin disks are better than thick

ones, and glass and quartz gave good results. A film of smoke or i)aint

or of metallic silver on the front of the disk diminishes the effect, while

blackening the back of the disk makes it louder.

—

{Nature, xxiii, 209,

December, 1880.)

2. Dis2)ersion and Color.

J. W. Draper has described a new form of spectrometer, intended for

comparing the brilliancy of lights. It depends on the optical principle

that a light is invisible in presence of another sixty-four times stronger.

To produce it, the scale-tube is removed from the common three-tubed

spectroscope, and a piece of glass ground on both sides is placed against

the aperture. By placing a gas-flame in front of this glass, the field

apiiears uniformly illuminated. This is the extinguishing light. With-

out it, the spectrum of a luminous flame placed before the slit appears
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as usual. With it, this spectrum appears in a field of light, the bril-

liancy of which can be varied at pleasure. When the extinguishing

flame is distant, the whole spectrum is visible. As it comes nearer, the

violet first disappears, and then the other colors in the order of their
'

brightness. Though the j-ellow is commonly supposed to be the bright-

est of the rays, yet it disappears in this treatment in the order of its

refrangibility, the red being plainly perceptible long after the yellow has

gone. To render the extinguishing light more intense in order that it

may obliterate very bright spectra, the simple and efficient device was

adopted of depositing an exceedingly thin film of silver on the reflect-

ing face of the prism. This, while not perceptibly diminishing the

amount of transmitted light, increased markedly that of the reflected

beam. Sunlight was then tried w>th the same results. The prism was

then replaced by a grating, and the experiment repeated on the diffrac-

tion spectrum. In this all the colored spaces yielded apparently in an

equal manner, and all disai^iieared at the same moment. On diminish-

ing the illumiiiation, all the colors came into view apparently at the same

time. The author concludes : 1st, that in the prismatic spectrum the

luminous intensity increases from the more to the less refrangible spaces,

it« maximum being noc in the yellow, but iu the red. This is due to the

action of the prism, which narrows and as it were condenses the colored

spaces more and more as we pass toward the red, increasing the intensity

of the light as it does that of the heat; 2d, that in the grating or dif-

fraction spectrum the luminous intensity is equal in all the visible regions,

all the colors being simultaneously obliterated by an extinguishing light.

The distribution of heat is therefore that of light.

—

[Am. J. Sci., Ill,

xviii, 30, July, 1879.)

Cornu has contrived a spectroscope intended especially for the study

of the ultra violet rays. The object-glass alike of the collimator and the

observing telescope is an achromatic lens, consisting of a double convex

lens of quartz and a plano-concave lens of calc-spar, both cut ])erpen-

dicular to the optic axis. This combination is esi)ecially useful for the

ultra violet rays, allowing all the rays to pass that reach us through
our atmosphere, and being almost absolutely achromatic for them ; so

that the adjustment required for different parts of the spectrum is

almost nothing. The prism used may be of calc spar, though it absorbs

rays of the highest refrangibility ; or of quartz, though if the axis is

parallel to the optic axis, the double refraction interferes. This is obvi-

ated by using a prism made of two halves of contrary rotation, the

interior face being perpendicular to the axis. To obtain a double dis-

persion, the two prisms of quartz have their bisecting planes perpen-

dicular to the optic axis, but having opposite rotatory power.

—

{J. Fhys.,

viii, 85, June, 1879.)

Lamansky has proposed a special form of spectroscope for studying
fluorescent liquids. Ordinarily a glass plate has intervened between
the liquid and the spectrum made to enter it. Hagenbach places the
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slit and the prism-axis horizontally and projects tlie spectrum on the free

surface of the liquid. The author's spectroscope consists of a graduated

circle carrying the collimator and telescope, and movable to any angle

in the vertical plane. A mirror sends the light into the collimator,

beyond the lens of which and in the same tube is a direct-vision prism.

The spectrum is thrown on the surface of the liquid contained in a small

vessel on a movable table attached to the stand. It passes from it into

the observing telescope, whose focal distance is shortened by a second

object-glass removable at will. The circle is divided for the purpose of

measuriog the angles of incidence and emergence.

—

{J. FJujs.^ viii, 411,

December, 1879; Nature, xxi, 2G7, January, 1880.)

Liveingand Dewarhave studied the conditions of reversal of the lines

of metallic vapors. They used at first a tube, the closed extremity of

which was heated to incandescence in a furnace. The metal contained in

the tube volatilizes; the light given by the bottom of the tube and by

its walls gives alone a continuous spectrum; but before reaching the

spectroscope it traverses the vapor. In the early experiments an iron

tube lo'^'" in diameter and 80'''" long was used, ])rotected externally by a

glaze. It was heated tor .'30^'", the upper extremity of the tube being

open and covered with a plate of mica or glass. A slow current of hydro-

gen ])revented the vapors in the upper end of the tube from oxidizing.

The collimator of the spectroscope had its axis in line with that of the

tube. In this way the green thallium line, the blue indium line, the

lines &, and some blue lines of magnesium were reversed. The temi)era-

ture not being sufticiently high, the authors next used a block of lin)e,

having a hole bored in its axis, (J or 7""" diameter, into the lower end
of which a lateral hole oi)ened for the insertion of an oxyhydrogen jet.

Or two lateral holes may be bored opposite to one another and the two

carbons of a voltaic arc introduced. Similar crucibles of carbon were

also used. By means of a mirror jilaced over the oi>ening the light was
reflected to the spectroscope. In this way the reversal was accom-

plished of 13 of the 31 lines of potassium, of 4 of the 12 of sodinm, of fi

out of 21 of barium, of 10 out of 34 of strontium, and of 11 out of 37 of

calcium. Beside these, 4 lines of lithium, 1 of ciesium, 5 of magnes-
ium, and 2 of aluminum were also reversed.

—

{J. J^hys., viii, 38.5,

November, 1870. From Proc. Boy. Soc, xxvii, 132, 3o0, 494, 1878:

xxviii, 352, 307, 471, 1880.)

Peirce has called attention to the fact that a line in the diffraction spec-

trum (whether light or dark) must be shifted from its normal position

in case another line falls very near it. Neighboring lines must be at-

tracted if both are bright or both dark, and repelled if one is bright and
the other dark. The reason assigned is that the lines are only maxima
or minima of light, and the differential coefiScient of the sum does not

vanish at the same points as the differential coefficients of the separate

terms. The shifting will be the greatest in the case of a faint line near

a very intense one. The author has succeeded in shifting the position
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of lines by measurable amounts—one or two seconds.

—

{Nature, xxi,

108, December, 1879.)

Kundt has observed the phenomenon of anomalous dispersion in

sodium vapor. In preparing to reverse the sodium line for a lecture

experiment, he perceived that when the sodium vapor was very dense

and the dark line very broad a peculiar bend outward appeared at the

ends and on opi)osite sides of the line. The cone of sodium vapor in

the Biiusen flame acts as a prism with its refracting edge horizontal

and turned upward. If glowing sodium vapor give dispersion, this

cone should give, with horizontal rays passing through it, a vertical

spectrum, and if the rays have also passed through a glass prism with

a horizontal refracting angle, a spectrum of the form above described

should be obtained. From the position the refractive index of the

vapor is greatest for those rays which arc most deflected downward.

The refractive index increases as the band is approached from the red

side, is less on the green side, and then rapidly increases again.

—

{Nature,

xxii, 302, July, 1880.)

Schuster has given an account of the spectra of lightning observed

by him in Colorado during the summer of 1878. He used a direct-vision

spectroscope furnished with a slit capable of micrometric movement.

A bright line in the focal plane served as a reference mark. The ob-

servations were limited to the yellow and the green regions from wave-

lengths 5000 to oSOO. In making a measurement, the slit was dis-

placed until the line to be measured was coincident with the reference

line. The next morning its position was determined by reference to the

solar spectrum. A continuous spectrum was seen many times. Bright

nitrogen lines were often seen, those of wave lengths 5002 and 5GS1

Cvspecially. Three bands of wave-lengths, 5592, 5334, 5182, were noted,

and a fourth about 52G0. Of these, 5182 belongs to nitrogen, and 5592

and 52G0 are characteristic of the oxygen discharge at the negative

electrode. The band 5334 is the most brilliant of the two green bands

of the spectrum of oxygen taken at a low temperature.

—

{Phil. Mag.,

V, vii, 31G, 1879; J. Phi/s., viii, 275, August, 1879.)

Russell and Lapraik have discovered that many liquids, ordinarily as-

sumed to be colorless, give absorption bands when light passes through

them on its way to the spectroscope. The phenomenon was first noticed

with alcohol; and then it was perceived that water contained in a tube

G feet long gave a very distinct absorption band in the orange, corre-

sponding very closely with Piazzi Smyth's rain band and with the band
seen by Janssen in 330 feet of steam. No variations in this baud were

observed by varying the source of supply, the temperature, or the sub-

stances held in solution. Other colorless liquids also gave bands. Am-
monia gave four bands; ethylamine also four, but different in character;

hydrogen peroxide, one ; ethyl alcohol, one; amyl alcohol one; aldehyde

and acetic acid, each, one; benzene and toluene, three each; aniline and
toluidine, each, three; turpentine, two. These results are regarded as
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Ijreliminary, and will have further iuvestigation.—(JVirr^Mre, xxii, 3GS,

August, 1880.)

Eood has compared the color of the spectrum to which Newton gave

the name "indigo" with the actual color of indigo itself, and finds it to be

a representative of an entirely different region of the spectrum. He

shows: 1st, that the color of indigo is really a greenish blue when it is

used as a pigment or in solution; 2d, that the color of the dry cake is

not only very black, but is variable according to the mode in which it

is handled. He concludes, therefore, that, taking all this into considera-

tion, it would appear desirable to allow the term "indigo" to fall into dis-

use, and to substitute for it " ultramarine," the color of the artificial variety

being intended.—(A>h. J. ScL, III, xix, 135, February, 1880.)

Lord Rayleigh showed to the Physical Society of London a curious

experiment in color combination, by mixing a blue solution of litmus

with a red solution of potassium dichromate, and thereby producing a

yellow solution. In a similar way, a colorless liquid may be obtained

from a green solution of cuprous chloride in water and a red solution oi

rosaniline acetate in amyl alcohol. When both are placed in a bottle,

the crimson solution floats on the green solution; but on agitating them,

both colors disappear, the mixture becoming grayish-white.— (iV^rtt?f/T,

xxii, 133, June, 1880.)

Rood has presented to the National Academy a paper on memory for

color and luminosity, in whi(;h he gives the results of some interesting

experiments made to test the prevailing notion that wo do not retain

for ten seconds an exact memory of a given shade or tint. The appara-

tus used consisted of two <lisks so arranged that either could be made

to overlap the other in any reipiired proportion. These disks were of

different colors, which blended into a given tint when they were rapidly

revolved, a tint the percentage of whose components was known. Sup-

pose in one case this was 13 parts of yellow and 57 of red. After look-

ing at the revolving disk, an assistant disarranged the two and then

proceeded to reproduce the tint, Eood himself deciding when it was

reached. The reproduced color had 42.0 per cent, of yellow—a mean of

many trials, when the time of the entire experiment was not over a

minute. The error here was not over one-half of one per cent. When
an hour elapsed, the error was 2.2 per cent. Twenty-four hours after-

ward the error in reproducing the color was 4.5 per cent. The same

experiments tried by the assistant gave equally good results, as did also

similar experiments tried with other color mixtures.

—

{Xature, xxi, 144,

December, 1870.)

3. Interference and Polarization.

Guebhard has devised a simple method of producing the phenomena.

of Newton's rings in a permanent form. While the rings obtained are

due to interference and give the colors of thin plates, they differ from

Newton's rings proper in having the phenomena inverted, the greatest

S. Mis. 31 18
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thickness of the film beiug at the center. To produce the rings a little

collodion is dropped on a surface of mercury. It is drawn out on all

sides into a thin iridescent film, which when hard may be floated oft' on

to paper. Mastic varnish on the surface of water gives similar films.

Drops of volatile mineral oil on mercury, or even the film of moisture

condensed from the breath, give rings which of course are transient.

At a meeting of the Physical Society of Paris, Guebhard projected these

films on the screen ; and showed that even the films condensed from the

breath may exhibit phoueidoscopic properties. The various vowels

being pronounced so that the breath impinges on the surface of the

cooled mercury, rings are obtained having certain forms more or less

strongly characteristic of their diiferent qualities of tone.

—

{Mature, xxi,

242, January, 1880.)

Michelson has communicated to the 'New York Academy of Sciences

some interesting observations upon the diffraction and polarization

effects produced by passing light through a narrow slit. If a fine ad-

justable slit be narrowed down very greatly, the colored diffraction

fringes widen out until when the width of the slit is reduced to less than

one fiftieth of a millimeter the central space only is seen, and appears

of a faint bluish tint. Moreover the Ught so transmitted exhibits traces

of polarization when regarded through a Nicol i^rism. As the slit is

narrowed, the depth of the tint and the amount of polarization increase,

'until when the oi>eningis only one-thousandth of a millimeter the color

becomes of a deep violet and the light is completely polarized. Slits of

obsidian give the best results, because finer edges can be worked on it.

The plane of polarization is at right angles to the length of the slit.

—

{Xature, xxii, 133, June, 1880.)

Crova has published a note on the two forms of polarizing prisms,

those of Kieol and of Foucault. In the former the two halves are

cemented by Canada balsam; in the latter they are separated by a layer

of air. In both cases the bases are oblique to the axis of the prism and
this occasions a considerable loss of light both at entrance and emer-

gence; to which, in the Foucault prism, must be added that lost by the

internal reflections. Both Hofi'mann and Duboscq constructed Foucault
prisms with faces normal to the axis, but the loss of light internally re-

mained. Prazmowski has made a polarizing prism which is like a ]S^icol,

except that the halves are cemented with linseed oil, the faces being
normal. More spar is required and the manufacture is long and difficult.

,

Almost no loss of light, however, takes place internally, the index of the

oil being 1.485, very near to the extraordinary index of spar, 1.483.

The field is increased to 31°, against 21° in the Nicol and 8° in the

Foucault. For photometric purposes especially, Crova regards this

new prism of great advantage.— (./. P%«., ix, 152, May, 1880.)

Govi has illustrated the laws of circular polarization by an exceed-
ingly beautiful projection experiment, founded on the well-known fact

tha.t the spectrum obtained of the colors produced by the interference
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of polarized light contains one or more dark bands, corresponding: to

the colors extinguished by the interference. If the depolarizing plate

be of quartz, the bauds are moved along the spectrum to the right or

left by rotating the analyzer. Govi's device consists in rotating the

analyzer and the direct-vision prism together at the same velocity. A
circular spectrum U thus produced, red at the center and violet on the

edges, or the reverse. As the dark quartz band moves along the spec-

trum by an amount proportional to the rotation angle, interference will

take place along this circular spectrum along points which form, geomet-

rically, a spiral of Archimedes, which persistence of vision makes per-

manent. Thicker quartz gives two, three, or more interlacing spirals,

forming u very striking optical experiment.

—

{Mature, xxii, 595, October,

1880.)

Klocke has discovered that in its action on polarized light, hyposul-

phite of lead is anomalous. It ordinarily polarizes circularly, but when
plates cut perpendicularly to tlie optic axis, are viewed in a parallel beam
of polarized light they ai)pear unequally bright, being divided by dark

bands into six sectors, ()j)i)osite i)airs of whi(;h are equally bright. Even
in convergent light the usual ring system of uniaxial crystals is not

seen, but in each sector there appears a figure characteristic of biaxial

crystals, the plane of the optic axes being perpendicular to the neighbor-

ing edge of the crystal. It would thus api)ear that the six portions are

compressed equally, each in a direction ]>er])endicular to the neighboring

face of the prism.

—

{Nature, xxiii, 209, December, 1880.)

Becquerel has published a memoir on the polarization of tlie slcy.

He finds that, contrary to the general opinion, the plane of polarization

for a given point does not generally pass through the sun, but that the

angle which this plane makes with the plane of the sun (a plane pass-

ing through the point, the sun, and the eye of the observer) varies from
minute to minute so that the plane of polarization passes a little below
the sun, between it and the horizon. If the point be in the northern or

southern sky this angle is very small in the morning, increases to a max-
imum from nine to ten o'clock, disappears at noon, increases again to a

maximum about 2 or 3, p. m., again diminishing and becoming zero as

the sun sets. If the point be east or west, coincidence of the two planes

is not seen, though a minimum is observed about noon. At morning
and evening the angle attains maxima, reaching even C<^. From these

phenomena the appearance is as if the plane of polarization suffered a

direct rotation, viewed by an observer whose head was toward the north

and his feet toward the south. Since in a region i>erpendicular to the

dipping needle, the rotation is sensibly zero, the author believes that it

is due to the influence of the earth's magnetism—an opinion strengthened

by the fact that he has just measured the amount of rotation of a polar-

ized-light ray traversing a layer of carbon disulphide, under the influ-

ence of the earth's magnetism.— (A7i«. Chim. Phys., Y, xix, 90, January,

1880; J. PJnjs., ix, 51, February, 1880.)
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Kerr has extended his electro-optical researches, and by the aid of new
and improved apparatus has confirmed his early conclusions. The ap-

paratus includes a paral!iu-oil lamp ; a ISTicol with its principal section

incUned 45° to the horizon ; a cell for the liquid so arranged that the

line of junction of the electrodes is horizontal ; a system of compensat-

ing glass plates which can be submitted to a vertical traction by means

of known weights ; a neutralizing plate of glass of irregular structure,

to compensate tlie double refraction of the cell ; a hand-comi)ensator

;

a vertical strip of glass which can be flexed by the hand parallel to the

axis of the luminous bundle, designed to determine the direction of the

double refraction produced in the liquid ; and an analyzing Nicol in-

clined at 45° to the horizon and 90° to the principal section of the x)olar-

izer. When adjusted the light is completely extinguished and can be

restored by the hand-compensator. The electric machine is then put

into action. With carbon disulphide a fraction of a turn suffices to re-

turn the light, which instantly disappears again on discharging the con-

ductor. The compensator shows a uniaxial double refraction like that

of glass submitted to traction parallel to the lines of force. With nitro-

benzene the light reappears only on drawing a spark from the second

electrode. In a subsequent paper, Kerr formally enunciates the fol-

lowing law : "The intensity of electro-optic action of a given dielectric

(or the difference of retardations of the ordinary and extraordinary rays)

per unit of thickness of the dielectric varies directly as the square of

the resultant electric force." On the question of stress he says : "The
dio[)tric action of an electrically charged medium is closely related to

the electric stress of the medium, the axis of double refraction coincid-

ing in every case with the line of electric tension and the double refrac-

tion varying, certainly in OS2, and probably in all other dielectrics

directly and simply as the intensity of the tension."

—

{Phil. Mag. V., viii,

85, 1879; ix, 157, 1880 ; J. Plujs., viii, 414; ix, 255, 1880.)

ELECTRICITY.

1. Magnetism.

Carre has introduced into Paris the manufacture of magnets of su-

perior quality made of cast iron. His process is as follows : A soft and
very slightly carburetted metal is melted in earthen crucibles, and just

before running it into the moulds 10 or 15 per cent, of steel filings are

added. In order to produce a metal which will stand tempering at a
cherry-red heat, there is added either 1 to 1.5 per cent, of nickel, with
0.25 per cent, of copper, or 2 per cent, of tin and 0.5 per cent, of copper.

—{Nature, xxi, 359, February, 1880.)

Obalski has described to the Academy a very neat magnetic experi-

ment. Two magnetic needles are hung vertically by fine threads, their

unhke poles being opposite one another. Below them is a vessel con-

taining water, its surface not quite touching the needles, which are



PHYSICS. 277

hung so far apart as not to move towaixl one another. If the level of

the water be now quietly raised by letting a further quantity llow in

from below, as soon as the water covers the lower ends of the needles

they begin to approach, and when they are nearly immersed they rush

together. The eflect appears to be due to the fact that when the grav-

itation force downward is partly counteracted by the upward hydro-

static force due to immersion, the magnetic force is able to assert itself,

being greater.

—

{Xature, xxii, 133, June, 1880.)

Mayer has contrived aii ingenious magnetic experiment to illustrate

molecular groupings and molecular actions. Sewing needles are mag-
netized all in the same direction. They are then pushed through small

pieces of cork up to the eye. On placing them in water they lloat ver-

tically, with the point downward. Since the similar poles are upward,

they rei)el each other. These needles represent molecules ; their mag-
netism the repulsive force. To obtain an attractive force, a bar magnet
is held vertically over the water, so that the pole of contrary name to the

tops of the needles shall be downward. The needles are attracted and
approach each other, producing groupings which depend on the number
of the needles, their initial position, and the impulses given. Twenty-

three of these groupings are represented in the paper, the most com-

plex figures being formed of twenty needles ; though the author has

formed much more complex ones, more than fifty needles having been

grouped in one of his figures. The author employs these groupings to

illustrate many of the laws of both molecular an<l atomic arrangement.

When projected by means of a vertical lantern they are very striking.

—{Am. J. ScL, III, XV, 27G; xvi, 247; J. Fhys., viii, 32, January, 1879.)

Barker has comnnmicated to the Xational Academy tbe results of some
experiments made to test the alleged iucorrectuess of Arago's exidana-

tion of the magnetism of a wire through which a current is passing, i. e.,

that the wire is itself magnetic. Bache had explained the result by
supposing the iron filings, held by the wire in Arago's expcrimcmt, be-

came themselves magnets under the influence of the current, and so

became attached to each other rather than to the wire. In proof of this

he says that if a card be scraped along on the top of the wire the ring

of filings is broken and the whole mass falls. Barker used in his

experiments a quautit}' magneto-machine made by Wallace, the current

from which was capable of heating three feet of quarter-inch gas pipe

to bright redness in a minute. When this current was passed through

a copper wire, a 5-inch iron spike held close under the wire was mark-

edly attracted by it ; and when placed in contact with the lower side of

the wire, adhered readily magneticall}-, placing itself with its axis per-

pendicular to that of the wire. This result was the same when the con-

ducting wire w^as red hot. In a second experiment the wire passed

through a hole in a large sheet of glass. When this glass was sprinkled

with iron filings concentric magnetic curves, complete and partial, were

formed round the wire for a distance of 20 inches. These experiments
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seemed conclusive that the copper wire really was itself a magnet in

this case.

—

{Xature, xxi, 145, December, 1879.)

Lemstrom has described to the Physical Society of St. Petersburg

an experiment of great apparent significance. He finds that a ring of

insulating material, when rotating about its axis of symmetry with a

high velocity, acts like a galvanic circuit and j^roduces a magnetic field

in the space within it. He explains it by supposing that the ether in the

insulator, being dragged along by the ring, produces vortical motion of

the ether in the central space, which vortical motion be conceives to be

the essential condition of a magnetic field. On this experiment the

author founds his theory of terrestrial magnetism. Since rotating an

iron bar within an insulating medium ought to magnetize the bar, the

earth being a magnetic body rotating in an insulating medium ought to

be magnetized by its rotation.

—

{Nature, xxii, 89, May, 1880.)

Piazzoli has studied the influence of magnetism on the tenacity of

iron. Wires were hung between two hooks and ruptured by pouring-

water into a vessel suspended from them. These wires were 35""^ long,

and were inclosed in a helix of four layers of wire. The current

was made to traverse these layers all in one direction, or two in one

direction and two in the opposite, the efl'ect of heating being thus elimi-

nated. The wires annealed in charcoal broke at 1200 to 130G with, and

1213 to 1270 without magnetization. Wires annealed in carbonous oxide

1732.4 to 1742.7 with, and 1703.(32 to 1719.87 without the current.

Those annealed in hydrogen, 128!).5 to 1310.1 with, and 1263 to 1299.7

without the magnetism. The values are about from 1 to 3 per cent,

greater for the magnetized than for the unmagnetized wires, showing

that the tenacity of iron increases on magnetization.

—

{Nature, xxii, 89,

May, ISSO.)

liighi has sought to harmonize the discordant results as to the changes

in the length of iron bars when magnetized. By means of a mirror

method which magnified the elongation 8,CC0 limes, he ascertained tha

(1) magnetism produces an increase in iron and steel in the dimension
of the direction of magnetization; (2) a part of this increase remains

after the current ceases, being more or less according to the coercive

force; (3) when the current is not very strong, the elongations are pro-

portional to the square of the current strength
;
(4) after a strong current

has been sent through the spiral, a weak current sent in the opposite

direction produces a shortening, though the bar, even when demagnetized
by it, remains longer than normal; (5) during reversal of polarity the
length becomes momentarily less, the efiect being oscillatory; (6) a bar
shortens at the instant of closing the circuit, when the current traverses it

directly; (7) it elongates on opening, but by a less amount; (8) on rever-

sal, the bar elongates and oscillates
; (9) the contraction is greater if

the bar has been longitudinally magnetized previously; and (10) some
bars show a tendency to take spiral magnetization, i. c, to rotate the
magnetic axes of their molecules in the direction of the turns of the
helix.—{Natitre, xxii, 543, October, 1880.)
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Becquerel lias publislied an exteuded memoir on the magnetic prop-

erties of nickel and cobalt compared with those of iron, using- the oscil-

lation method, the differential method, and the electromagnetic-balance

metJiod, for comparison, confining himself to the magnetism developed

by induction, and not the magnetism which remains permanent. The
author's most important conclusion is that for very feeble intensities,

under conditions very far from saturation, or with substances in which
the magnetic particles are sufficiently removed, so as not to react the

one upon the other, the effects developed in the molecules of nickel and
of iron at the ordinary temperature appear to lie very near each other.

—

{Ann. Chim. Phys., V, xvi, 227, February, 1879.)

Hodges has contrived a new iustrument for determining the inclination

of the needle, founded on the fact that the magnetic polarity of a bar

of soft iron is greatest when the bar lies in the line of the dip. In place

of a single bar, however, the author uses two, joined to each other at

right angles. AYhen the two branches make equal angles with the line

of dip, the ends next the junction are of op])osite polarity ; and if similar,

will neutralize one another so that a needle suspended near them will

remain unaffected. The results on trial were very accordant under dif-

ferent conditions.

—

{Am. J. Sci., Ill, xvii, 145, February, 1879.)

Eowlaud and Jacques have determined the diamagnetic contents of

bismuth and calc-spar in absolute measure, the former contributing the

theory, and the latter making the measurements. These latter consisted

of two: 1st, the determination in absolute measure of the magnetic

potential of the field used; and, 2d, the determination of the time of

vibration and the other constants ofthe little bars of the substances when
suspended in this held. The diamagnetic constant of bismuth along the

axis was found to be—.000()00()12551 ; and for calc-spar —.000000037930,

in absolute measure.

—

{Am. J. /Sci., Ill, xviii, 3G0, November, 1879.)

2. Electromotors.

Hoorweg has investigated the conditions of the production of elec-

tricity in the voltaic cell, and has advanced a thermic theory of its origin.

The following are his conclusions : 1st. Wherever two conductors are in

contact, the heat movement has the production of electricity as a conse-

quence ; hence a constant electric difference exists between the bodies.

2d. Whenever the sum of the differences of potential existing in a cir-

cuitis different from zero, a permanent current is produced. 3d. This cur-

rentabsorbs heat at certain of the points of contact and evoh^es it at others.

4th. All voltaic currents are thermo-currents. 5th. All chemical actions

in the cell and in apparatus for electrolytic decomposition are a conse-

quence ofthe passage of the current.

—

{Ann. Phys. Cliem., II, ix, 552, 1880

;

J. Phys., ix, 352, October, 1880.)

Yarenne has studied the phenomenon of the passivity of iron in nitric

acid as when employed as the positive plate of a Grove battery or the

positive electrode of a voltameter cell containing nitric acid. He con-
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eludes that this peculiar eifect is due to a film of nitrogeu dioxide which

collects upon the surface of the irou and protects it from further chemi-

cal action. This film, he asserts, is apparent when the surface of the

iron is examined under the microscope. If a current of carbon dioxide

or of hydrogen gas is passed through the liquid the passivity ceases and

the iron is dissolved. INIoreover, on placing the iron plate in vacuo

nitrogen dioxide is evolved from it.

—

{Nature, xxi, 117, December, 1879.)

Pellat has examined the standard cell proposed by Latimer Clark,

and finds that it is not entirely free from variations in its electromotive

force. According to his obsertations two of these cells may diii'er from

each other by a quantity equal to the one-hundredth of the electromotive

force of a Daniell cell. The method employed was to couple up the two

cells in opposition to one another, and then by means of an electrometer

to measure the residual difference of potential.

—

[Nature, xxi, 117, De-

cember, 1879.)

Debrun has constructed an ingenious capillary electromotor, based

on the theorem established by Lippmann, that if a mercury surface be

deformed by mechanical means there is produced an evolution of elec-

tricity which tends to arrest the motion of the mercury. Through a

capillary tube mercury is caused to run drop by drop, acidulated water

being introduced, by means of a reservoir at the top, between each glob-

ule. Wires are connected with the masses of mercury at the upper and

lower ends of the tube, and a current is observed to flow on closing

these in the direction in which the globules move. The tube actually

used was 2.5"^™ in diameter at top and 1™'" at bottom, 30''™ long, con-

taining not less than 20 nor more than 35 globules. The electromotive

force under these circumstances is 1.4 volts, so that with Wollaston's

points it can decompose water. The energy, however, is not very great,

since it is produced by the fall of only two kilograms of mercury per

hour through only 25*^™. In allowing the mercury to run for twenty-

four hours sufficient current was developed to silver strongly a five-

centime piece. The internal resistance of a column of acidulated water
-[mm

jj2 diameter and 30"^ long being so considerable, a high-resistance

galvanometer should be used to test the currents produced by this in-

strument.— ('/. Phys., ix, 28, January, 1880.)

Barrett has communicated to the Physical Society of London the fact

that the motion of a chalk cylinder under a metallic surface generates

an electric current, having an electromotive force of rather over one-

third of a volt. The strength of the current depends on the rapidity of

the rotation and the pressure on the chalk surface ; the latter only

dimiuishing the very high internal resistance. The discovery, he says,

resulted from a suggestion made to him four or five months before, to

try whether Edison's motograph telephone receiver could be used as a

transmitter. Then his experiments were not successful, but now he

finds that the voice is faintly but accurately transmitted on speaking

into the receiver while the chalk is made to rotate. But Edison had
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himself publisliecl ttie same fact in the Scientific American one or two years

before, and had given a figure of several of these chalk cylinders con-

nected iu series for the purpose of producing a current of high poten-

tial.— (-.Ya^nre, xxi, 417, March, 1880.)

Blyth has communicated to the Royal Society of Edinburgh the gen-

eral fact that electric currents are produced by the mere friction between

conducting substances. Since for all pairs of metals yet tried these

currents are in the same direction as the thermo-current produced b^'

heating the junction of the same two metals, the author thinks that they

may have in part a thermo-electric origin ; but another part may be duo

to the currents suggested by Sir William Thomson as the cause of fric-

tion, and still a third part to the force of contact between films of air or

oxide on the surfaces. One of the, motors constructed consists of a

cylinder of antimony arranged so as to be rapidly rotated, and a plate

of bismuth which is pressed hard against it by a spring. When included

iu the circuit with a microphone and a Bell teleplione, the current from

it is quite sufficient to serve for the transmission of musical sounds and

loud speaking. By using a cylinder of bismuth on which a bent sew-

ing needle presses as it rotates, a very good receiver is also produced.

The author ascribes the result to a heat change, analogous somewhat to

that observed in the Trevelyan rocker.

—

{Nature, xxii, 330, August,

1880.)

Heraud has proposed a new voltaic cell, the negative plate of which

is zinc immersed in a concentrated solution of ammonium chloride, while

the positive consists of a plate of carl)on surrounded by fragments of

carbon mixed with about an equal weight of mercurous chloride (calo-

mel) in powder. In action the mercurous chloride loses chlorine, and is

reduced to metallic mercury ; the zinc acts on the anmionium chloride,

producing zinc chloride and ammonia; and the ammonia water and

chlorine unite again to reproduce the ammonium chloride. It is claimed

that this battery does not polarize, and can be used on a closed circuit.

Its electromotive force is not far from that of a Daniell cell.

—

{Arm. Chini.

Phys.y V, xvii, 512, August, 1870.)

Xiaudet has constructed a voltaic cell, the plates of which are also

zinc and carbon ; but the former is immersed in a solution of common
salt and the carbon in a i^orous cup containing commercial chloride of

lime (a mixture of chloride, oxide, and hypochlorite of calcium). Under
the action of the i^olarizing hydrogen, the hypochlorite is decomposed

into hydrochloric acid, which forms calcium chloride with the lime pres-

ent, and water ; so that the salts i^roduced by the battery when in action

are zinc chloride and calcium chloride. Since both are extremely solu-

ble, the liquid preserves its limpidity, and no insoluble salt is formed.

The electromotive force of this battery is 1.6 volts. It polarizes only

when closed on short circuit, from which it recovers rapidly. Its chief

merit is that, like the Leclanch6 cell, the zinc is not acted on until the

circuit is closed. To prevent escape of odors, the oi^ening in the porous

cell is closed with a waxed cork.

—

{J. Phys., ix, 18, January, 1880.)
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iSlaudet Las given an illustrated description of the Noe tlierinopiles

constructed by Hauck, of Vienna, and exhibited in Paris. The elements

used are German silver, employed in the form of wire, four from each

junction, and an antimony alloj' cast in a mould. Each pair has an

electromotive force equal to 0.1 Daniell cell, for a temperature at which

the ends are below redness. It resistance is 0.1 of a Siemens unit per

element.—(^. Phijs., viii, 230, July, 1879.)

D'Arsonval has suggested an improvement in Plante's secondary

batteries, which, as is well known, consist of two sheets of lead im-

mersed in dilute sulphuric acid. The action is limited at the cathode

b\' the hydrogen bubbles which form there, and at the anode by the

low conductivity of the lead peroxide film which forms over its surface.

The first of these dififictdties d'Arsonval obviates by electrolyzing a

salt of zinc instead of a dilute acid. The second he avoids by increas-

ing the surface of the anode, employing for this purpose shot heaped

about a carbon plate. The liquid employed is a strong solution of zinc

sulphate. While charging, zinc is deposited upon the surface of a lead

plate, or, better, upon a free surface of mercury amalgam, sulphuric acid

being produced at the same tim(^ Its electromotive force is claimed to

be 2.1 \o\t&.—[Xature^ xxi, 409, February, 1880.)

Breguet has i3ublished a memoir upon the theorj* of the Gramme
machine, and on the cause of the dissymetric position of its brushes.

The following are his conclusions : 1st. The theory of the Gramme and

von Alteneck machines is directly connected with that of Barlow's wheel

and Faraday's machine, and these latter machines rest on the first

princii^le established hy Ampere, i. e., a movable current tends to place

itself in such a position that the observer who personifies it sees the

south pole on his left and the north pole on his right hand. 2d. The
soft iron armature of the von Alteneck machine serves only to re-en-

force the magnetic field in the region where the wires of the movable
circuit revolve. 3d. The annular armature of soft iron of the Gramme
machine has the same influence as the preceding armature, but this is

not its characteristic function. This function consists in shielding the

internal wires of the bobbin spires from the normal actfon of the lines

of force of the field. 4th. The angular displacement of the brushes of

the preceding machines cannot be attributed to the retardation of the de-

magnetization of the soft iron ring alone, since this displacement still

exists and may even become still more considerable in those forms de-

rived from these machines where there is no soft ii'on armature.

—

{Ann.

Cliim. Phys., Y, xvi, 5, January, 1879.)

3. Electrical tneasurements.

Pellat has devised a method for measuring electromotive force which
may be applied to a battery or may be used to determine the difference

of potential between two metals in contact. The principle consists in

opposing to the cell to be measured an electromotive force variable at
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will coutinuoiLsly and by amounts exactly known by a simple reading,

until the compensation is exact. The instrument resembles that of Du
Bois Keymond, but it uses a capillary electrometer in place of a galva-

nometer, and thus, while more delicate and more rapid, polarization is

completely avoided. Moreover, the sensitiveness of the method is inde-

pendent of the resistance of the cell, batteries of 10,000,000 ohms resist-

ance being measured with ease. For weak electromotive forces, the

delicacy is one ten-thousandth of a Daniell cell ; for stronger ones, to one

two thousandth of a Latimer-Clark cell. The applications of the method

to determine the contact-potential are very ingenious.—(J. P/<^6'.,ix,145,

May, 1880.)

Debrun has made a useful modification of Lippmann's capillary elec-

ti-ometer. In the original instrument, in a tube a millimeter in diameter,

the mercury level changed only 3™'» for a difference of potential of one

volt, and to measure small fractions Lippmann used a microscope. In

the new instrument this delicacy is secured by making the tube inclined

to the vertical, the effect increasing with the angle. A glass tube

7™'" in diameter is drawn out so as to give a capillary tube slightly con-

ical, and a good millimeter in diameter and 20''"' long. This is bent into

a Z-form, the connecting portion being placed horizontally, but fastened

to a movable board, so that its inclination may be adjusted. The ends

of the tube open into reservoirs. It is filled with mercury and acid-

ulated water, as usual, the end of the mercury column being adjusted to

occupy three-quarters of the horizontal part. Electrical connections are

made with the mercury in each of the reservoirs. The calibration is

efiected by using a battery of known potential, increasing the cells.—(J.

Phys., ix, 160, May, 1880.)

NiemoUer has found the telephone capable of determining very quickly

and accurately the resistance of licpiids. It is substituted for the gal-

vanometer in a Wheatstone's bridge, and an induction current is used.

If the resistances to be compared are a large liquid resistance and a

Siemens resistance box, so that the electrodynamic constants are very

small ; and if also a German-silver or platinum wire be used as measur-

ing wire, it is found- that in the position where the galvanometer shows

no deflection, the tone in the telephone has a well-marked minimum of

intensity. In a liquid resistance of 2,000 units a variation of even four

units may be detected remliij.—{Wature, xxi, 309, January, 1880.)

Trowbridge has studied the conditions which cause the ticking of the

time-clock of Harvard College Observatory, transmitted electrically by

wire from Cambridge to Boston, to be heard on all the telephone cir-

cuits in the neighborhood of the line. He shows from theoretical con-

siderations that the usual explanation of induction between the wires

is erroneous, and that the effects observed on telephonic circuits, which

have usually been attributed to induction, are really due to the earth

connections and to imperfect insulation. As the restilt, then, is due to

the fact that the wires on which the sound is heard obtain their current
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by tapping tlie gToiind at places of different potential, the author made

experiments to determine the equipotential surfaces formed by the

ground of the time signal-service. By running a wire 500 or GOO feet,

placing its terminals in moist earth, and including a telephone in the

circuit, the ticking of the cloclc could be readily heard in a field an

eighth of a mile distant from the observatory ; and at one point a mile

distant the ticking was heard with only 50 feet of wire. Behind the

observatory no result was had, though at no point were earth currents

absent. ••' Theoretically," the author concludes, '' it is possible to day

to telegraph across the Atlantic Ocean without a cable " ; "practically

the expenditure of energy on the dj'namo-electric engines would seem

to be enormous."

—

{Am. J. ScL, III, xx, 138, August, 1880.)

Hill has devised an electro-dynamometer for use especially with strong

currents, which in general is similar to Trowbridge's instrument, but

differs from it in the manner of determining the deflective power of the

current. To the suspended coil a pointer-rod is attached, on opposite

sides of which silk threads are fastened, which lead over i)ulleys on the

side bars to small pans, one on each side of the instrument. When the

deflection has taken placid weights are added to the pan on the opposite

side until the pointer-rod returns to zero. In the instrument as con-

structed a current of 20 webers required about half a gram weight, and

one of 100 webers a weight of 13.2 grams. The instriTment works well

and gives uniform results.

—

{Am. J. Sci., xix, 10, January, 1880.)

Hughes has devised an apparatus, which he calls an induction balance,

for comparing induced currents. It consists (1) of a battery of three

Daniell cells, the current of which traverses a microphone with an at-

tached clock for producing the sounds; (2) of the balance proper; (3) of

an electric sonometer ; and (4) of a receiving telephone. The balance

itself is formed of four equal coils, a decimeter in height, S.S'^'" external

diameter, with a space of S"" internally, each covered with 100 meters of

No. 32 covered copper wire. The four coils form two groups placed be-

yond each other's influence. At each end, therefore, there are two
coils, one inducing, the other receiving the induction, i)laced end to

end, and about 5™"» apart. The electric sonometer is formed of two sim-

ilar inducing bobbins fixed at the ends of a horizontal rule 40"" long,

divided into millimeters. Along this rule moves a receiving coil. The
electric current from the microphone reaches a commutator which directs

it into the balance or into the sonometer, where it traverses the induc-

ing coils. The telephone circuit passes through the receiving coils, first

the two on the balance, in opposite directions, and then that on the

sonometer. Xo sound is heard in the telephone if the receiving coil in

the latter case be equidistant from the inducing ones. Xo sound is heard
in the balance coils if they are empty ; but if a fragment of metal be
placed between them, a sound is heard louder according to the character
of the metal. The current is passed alternately into the balance and
the sonometer, and the coil of the latter is displaced until the sounds
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have tlie same intensity in each. The action of the metal is then indi-

cated on the graduation of the sonometer.—(P/w7. Mag., Y, viii, 50, 551,

554, 1879 ; ix, 123, 1880 ; J. Pliys., viii, 353, 1879 ; ix, 37G, 389, 393, 1880;
Ann. CUm. Phys., Y, xix, 5G1, April, 1880.)

4. Electric spark and light.

Spottiswoode has experimented on the use of the alternating current
of a De Meritens magneto-electric machine for exciting the induction
coil. He used a coil giving a 50"='" spark, the reversals being 1,300 per
minute; no interrupter was therefore needed. Under these conditions
sparks were obtained only 18'='" long, but they were as thick as an or-

dinary pencil. They showed a brilliant point at each extremity of a
tongue of yellow flame. When the current passed freely no spark
proper appeared ; but by blowing on one side, brilliant sparks may be
made to pass.—(P/m7. Mag., V, viii, 390; J. Phys., ix, 37, 1880; Nature,
xxi, 433, March, 1880.)

Farmer has called attention to the fact, as a contribution to the his-

tory of electric lighting by incandescence, that in July, 1859, his house
in Salem was lighted every evening by a subdivided electric light. A
galvanic battery of three dozen six-gallon jars in the cellar furnished
the electric current. On the mantel in the parlor were two electric

lamps, either of which could be lighted at pleasure or both at once by
simply turning a little button. The light was soft, mild, agreeable- to
the eye, and more delightful to read or sew by than any light ever seen
before. It was discontinued on account of the expense. On the cost of
electric light as compared with gas Farmer says : " On the average one
pound of illuminating gas will, if burned in an hour in five different
burners, give fifteen candle lights to each burner, or seventy-five can-
dle lights in all. One pound of illuminating gas possesses a sufiScient

store of energy to enable it to give out by combustion from 18,000 to

21,000 units of heat, or the equivalent of from 13,000,000 to 10,000,000
foot-pounds of work. This, if burned in an hour, would average from
200,000 to 200,000 units of work per minute, or say from 3,000 to 3,500
foot-pounds per minute per candle light. Now a very large electric

light, say ten thousand candles, does not consume more than 15 or
20 foot-pounds of energy per minute per candle light. So it might not
seem very extravagant to expect that one pound of gas per hour could
be burned in a suitable furnace under a proper boiler, and steam be taken
from this boiler to a steam-engine, and this engine drive a magneto-
electric machine which should supply electricity to five electric lamps
that would shed forth more light than could be given by five of the best
gas lamps known, each lamp consuming at the rate of one-fifth of a
pound of the best illuminating gas per hour."—(J.wi. J. Sci., Ill, xvii,

C5, January, 1879.)

Jamin has constructed a modification of the Jablochkofl" candle, in

which he has made use of the electrodyuamic action of a coil of wire to
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keep the arc steady and pointing in one direction. The t^vo carbons arc

parallel but inverted, han ging with their points downward. They have

no insulating material between them. Surrounding these, and in their

own plane, is a fiat coil of wire through which the main current circu-

lates. The trials with this lamp in Paris are said to have been success-

ful.—(JV'afw re, xxii, 355, August, 1880.)

Eeynier lias proposed an incandescent light in which the point of a

thin stick of carbon presses against a fixed carbon contact, while ou it

laterally, a short distance above, a third piece of carbon makes contact.

The current enters by this lateral carbon and traverses the carbon pen-

cil to its i)ointed end, passing thence to the solid carbon support. The
pencil becomes thus incandescent, emitting most light at its point. Its

photometric value varies from five to twenty carcel burners, according

to the current.

—

{J. Phys., viii, 400, December, 1870.)

Siemens has presented to the Society of Telegraph Engineers a paper

on recent applications of the dynamo-current to metallurgy, horticulture,

and the transmission of power. By means of an electric furnace made
of a black-lead crucible, the positive carbon entering through the bottom

and the negative through the cover, steel had readily been melted.

Using a moderate-sized dynamo-machine, consuming four horse-powers

and i^roducing 36 webers of current—equal to a 6,000 candle light—he
raises a crucible 20^™ deep to a white heat in less than half an hour, and
a kilogram of steel is fused in it in another half hour. This furnace

utflizes onethiru of the horsepower actually expended ; and as the effi-

ciency of the engine is one-fifth, that of the electric furnace is )^x}=^.
As it takes theoretically 450 heat units to melt a pound of steel, the fur-

nace would require 450 x 15=6750 heat units to be expended, or about
the energy of a pound of coal. A ton of steel as ordinarily melted in an
airfurnace requires 2^ to 3 tons of coke ; in a regenerative furnace about
a ton. Tlie electric furnace is economically superior to the air furnace

and nearly equal to the regenerative furnace. When the paperwas read,

a pound of broken files was melted in a cold crucible, by means of a cur-

rent of 72 webers, in fifteen minutes, and cast in a mould. With refer-

ence to the action of light on plants, the interesting experiments made
by him in this direction were detailed, and an account given of the ex-

periments now in progress to i)roduce flowers and fruits without solar

aid. Under the third head of his i)aper, Siemens described his brother's

electric railway in Berlin, audits numerous applications.—(iV^afwre, xxii,

135, June, 1880.)

Edison has finally determined upon the use of carbon filaments in his

incandescent lamps. These filaments are constructed by cutting with
a suitable punch, from a piece of Bristol board, a strip in the form of a
miniature horseshoe, about two inches in length and one sixteenth of
an inch in width. These are laid in a wrought-iron mould, separated
from each other by tissue paper, and heated first by a gas flame and
then in a furnace to a white heat. After cooling, the charred fiber is
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sealed in a globe, which is then exhausted to one-millionth of an atmos-

phere. Subsequently, in experimenting with various fibers, Edison came

to the conclusion that a natural fiber was more durable than an artificial

one, and that Japanese bamboo furnished the best. The lamps which

are now made on the large scale are constructed with these fibers.

Rowland and Barker have made a series of measurements to test the

efilciency of Edison's lamp. They compared the loss of energy in the

lamp, as measured in the calorimeter, with the amount of light emitted,

measured on the photometer. The lamps used were five in number,

four of them having carbons made from paper, and one a natural fiber

carbon. The comparisons were made by having two lamps in circuit,

one being in the calorimeter and the other on the photometer in the first

experiment, and their positions being reversed in the second. No. 201,

which gave a mean of 10.1 candles on the photometer, gave MSG foot-

pounds of energy in the calorimeter ; No. 580, which gave 13.1 mean

candle lights, evolved 3540 foot-pounds. But when No. 201 was made

to give 28.9 candles, its energy was only increased to 4898 foot-pounds

;

and No. 580, which gave 33.5 (candles, evolved only 5181 foot-pounds

;

the cost of doubling the light being one-half more energy only. No.

809 gave 14.3 candles, and used 3330 foot-pounds ; No. 850 gave 9.2

candles, and consumed 2483 foot-pounds. No. 817, the fiber lamp, gave

17.2 caudles for a consumption of 2708 foot-pounds of energy. The

mean of the first two is 109 candles per horse-power of current; of the

second two, 204.3 candles; of the third two, 133.4; and of the fourth,

209.0. Or, in the first, G.8 gas jets of IG candles, in the second 12.8, in

the third 8.3, and in the fourth 13.1 gas jets would be yielded by each

horsepower of current. From the efliciency of Edison's machine, the

authors think that the yield per indicated horse-power of the engine

would not be far from 70 per cent, of these values.

—

{Am. J. ScL, III,

xix, 337, April, 1880.)

Brackett and Young have also made measurements on Edison's lamp,

in addition to others upon his Faradic machine. Comparison of the

Edison dynamometer with the Prony brake showed that the latter reg-

istered 93.2 per cent, of the power transmitted by the former. In their

first experiment, the power expended was measured by the dynamometer

and the current by the cop])er voltameter. The total efliciency was

found to be 82.3 per cent., and the available efliciency 78.7 per cent. In

the second trial the energy ])roduced was measured by the calorimeter,

and the tdtal efliciency was found to be 84.0 per cent., the available, 78.2

per cent. A third test gave 84.5 total, and 78.2 available efliciency. But

one lamp was tested, No. 853, the carbon of which was from paper.

The mean illumination was 10.1 candles ; the resistance, hot, 99,0 ohms;

the diftereuce of potential, 74.33 volts ; hence the current strength was

0.75 weber, and the lamp was consuming 0.075 horse-power. This gives

137 candles per horse-power of current, or 107 candles per horse-power

at the dynamometer; a near correspondence with the preceding re-

sults.

—

{Am. J. Sci., Ill, xix, 475, June, 1880.)
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Morton, Mayer, and Thomas have published results of measurements

of Edisou-s lamp jS^o. 154. The resistance of the lamp when cold was

123 ohms; when giving 1.9 candles, 82 ohms ; and when giving 18 cau-

dles, 75 ohms. The current strength was measured on a tangent galva-

nometer, the constant of which was determined on a copper voltameter.

"When the lamp was giving 0.07 of a candle, it was consuming 0.445

weber of current, equivalent to 0.024 horse-power. When it gave 14

candles, the current was increased to only 1.079 webers, equivalent to

O.llG horse-power. This latter result gives 120 candles to the horse-

I)ower of current, or, assuming 60 per cent, efficiency in the machine,

72 candles per effective horse-power.

—

{Ann. Ghini. Phys., Y, xx, 275,

June, 1880.)

Swan has continued his experiments on incandescent lighting, begun,

as he claims, as long ago as 18G0. He uses carbon filaments made from

parchment paper, 3 inches long, 0.01 inch in diameter, weighing -J^^
grain,

sealed in exhausted globes. One of these has burned continuously for

three months.

—

{Xature^ xxiii, 104, December, 1880.)
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Angus Smith has suggested a new series of elemental molecules, the

relative weights of which are produced by squaring the atomic weights

and dividing by the equivalence. This idea was reached in the course

of his investigations into the absorption of gases by charcoal, in wiiich

it appeared that the gases were absorbed in perfectly definite volumes.

Thus, eight volumes of oxygen are absorbed for one of hydrogen ; but as

the former is IG times as heavy, the weights absorbed are as IL'.S : 1.

But this is ^(16)2; i. c, half the square of the density, or half the square

of the atomic weight, or half tlie i)roduct of the two. Of nitrogen 4.G0

volumes are absorbed, or 14x'l.<>G by Aveight, G5.;>; this number is ^(l-t)^.

Of compound gases the law is different. Carbonous oxide is absorbed

to the extent of G volumes, carbon dioxide G+1G=L*2 volumes, marsh gas

G+4=: 10 volumes, nitrogen monoxide 8+4.G(»=12.GG volumes. Hence

the new molecular weight of CO2 is sinq)ly 22', »^'c.

—

[Xuture^ xix, 354,

February, 1879.)

Thomsen has studied the relation between the total energy developed

in the chemical reactions which occur in various kinds of voltaic bat-

teries and the energy which appears in the form of current electricity.

He used a thermal method of measuring the total energy, and found that

the whole of the energy developed in the chemical change appeared as

electric energy in Daniell's battery on closed circuit, and also in the

other forms of battery in which the metallic surface of the negative elec-

trode is not changed by the electrolytic process. When nitric acid is

used as the electrolyte the same total conversion of energy takes place,

but the gradual absorption by the liquid of reduction products dimin-

ishes the result.

—

{Nature, xxiii, 207, December, 1880.)

Hesehus has made a series of experiments upon the change in vol-

ume and elasticity undergone by palladium when it occludes hydrogen.

Wires 500"^™ long and 0.4"'"^ diameter were stretched in a tube of glass

placed vertically and filled with diluted sulphuric acid, and made the

cathode. By a cathetometer the elongation was directly measured

during the absorption. The pure palladium wire elongated S"""*, while

S. Mis. 31 19
2^^
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-vvires of alloys with 25 per cent, of silver, platinum, and gold, elongated

2i,7min^ 0.14™"", and O.O™'" respectively. With six bichromate cells the

action was complete in an hour. After removing the battery the short-

ening took place in the same order, though less rapidly; being for the

lialladium wire only 2.6"™ in 24 hours. The law of these variations was

automatically recorded. The coefficient of elasticity of palladium pure

fell from 15540 to 14000; and that of the silver alloy from 15240 to

12500.—(J. Phys., ix, 305, October, 1880.)

Berthelot has quoted Pictet's experiments on the liquefaction of oxy-

gen and hydrogen gases as illustrating his thermochemical views. The

oxygen was prepared by heating potassium chlorate. Now, the reac-

tion K CI O3=K CI -f O3 according to Berthelot evolves 11 calories.

Hence, being exothermic and not limited by its inverse, it is not arrested

by a pressure of 320 atmospheres. The hydrogen was prepared by the

action of potassium hydrate upon the formate. Since K CHO2 + K O
H= K2 COg -f H2 evolves 18.4 calories, this action is also exothermic

and not limited by an inverse reaction. Hence, the gas should be evolved,

as Pictet found it to be, at over 600 atmospheres. Exothermic reactioi^

continue, then, whatever the pressure.

—

{Ann. Chim. Phys., V, xv, 149,

October, 1878.)

Thorpe has published the results of an extended research on the re-

lation between the molecular weights of substances and their specific

gravities when in a liquid state. He concludes : (1) that many isomeric

liquids, even of the sam« chemical type, have not identical specific grav-

ities at their boiling points, and hence not identical specific volumes.

Since this occurs mainly in compounds of carbon and hydrogen, the in-

ference is that the specific volume of one or both of these bodies is not

absolutely invariable; (2) that oxygen, suli)hur, and nitrogen have also

variable specific volumes
; (3) that there is no evidence that the specific

volume of any other element is variable
; (4) that the number of these

latter atoms does not modify the volume, which is independent of the

molecular complexity
; (5) that the different members of a family of ele-

ments do not possess identical specific volumes, these volumes being
periodic functions of the atomic weights

;
(G) that no evidence is afforded

that the specific volume is modified by any variation in the affinity value
of any element.—{Wature, xxii, 262, July, 1880.)

Violle has determined the specific heat and melting point of palla-

dium, iridium, gold, and copper. For palladium the specific heat was
found to be, at 0°, 0.0582

; at 500°, 0.0682
; at 1000°, 0.0782 ; at 1300°,

0.0842. For iridium, at 0°, 0.0317 ; at 500o, 0.0377 ; at 1000^, 0.0437, and
at 1400°, 0.0485. Gold has a specific heat at 0° of 0.0324 ; at 900°,

0.0345, and at 1020°, 0.0352. The fusing point of silver was found to

be 9540 C. referred to the air thermometer; of gold, 1035°; of copper,

1054°; of palladium, 1500°; of platinum, 1775°, and of iridium, 1950o.

—{J. Phi/s., ix, 81, March, 1880.)

Victor and Carl Meyer, in determining the vapor density of chlorine
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by their new method, the chlorine being produced by dropping platinous

chloride into the tube heated to 1200°, have found that at these high

temperatures this gas has a density only two-thirds of that correspond-

ing to the molecule CI2. Subsequently Crafts repeated the determination,

using already-prepared chlorine, and found its density to be normal
;
a

result confirmed by Victor Meyer, working in conjunction with Ziiblin.

To reconcile these facts it seems to be necessary to admit that while

free chlorine is stable at high temperatures, nascent chlorine is not, but

undergoes dissociation into products not yet known. The residts, how-

ever, obtained by the German chemists with iodine, which showed the

same anomaly, were fully confirmed by Crafts. Its vapor has at 1570^

two-thirds of its normal density. Bromine is intermediate, its vapor

density being reduced only one-fifth at high temperatures, when the

bromine was free, and one-third when it was nascent.—(Uer. Berl. Chem.

Ges., xii, 142G, 20GG, 2202, 2204, 1879; xiii, 394, 399, 401, 405, 851, 1050,

1103, 1880; C. B., xc, 183, G90; xci, 54; Nature, xxi, 4G1, March, 1880;

Am. J. ScL, III, xviii, 222, 1879.)

Oftret has revised the calculations of Pictet by which he reached a

density of 0.9883 and 0.9787 for liquefied oxygen, and has shown errors

in them by which the density is reduced to 0.8G55; a result close to

0.8402, which the author obtains by a different process of computation.

—{Ann. Chim. Phys., V, xix, 271, February, 1880.)

Berthelot has pubhshed a work in two volumes, entitled "Essai de

m^canique chimique fondee sur la Thermochimie." One of the laws it

establishes is the following: "Every chemical change effected without

the aid of foreign energy tends toward the production of those bodies or

of that system of bodies which evolves the most heat." Thus he shows

that for the metals K, Na, Ca, Sr, Mg, Mn, Ee" Zn, Cd, Pb, (Cu.)"

Hg," Ag and {AhY', less heat results from the formation of oxides, than

from the formation of chlorides. Hence gaseous chlorine should decom-

pose these oxides, producing chlorides and evolving oxygen. This, in

fact, actually takes place provided the reaction is initiated by suitably

raising the temperature.—(J. FJiys., viii, 402, December, 1879.)

INORGANIC.

Dumas has studied the property of occluding hydrogen possessed by

certain metals, and finds that aluminum may occlude as much as one

and a half times its volume of this gas, as well as traces of carbon

dioxide. These gases were given out again when the metal was heated

to redness in an exhausted tube. Magnesium exhibits a similar be-

havior ; so that to obtain these metals pure, they should be distilled in

vacuo. These observations may throw some light on the anomalous

behavior of aluminum when used as an electrode in the voltameter.—

{Nature, xxii, 89, May, 1880.)

Morley has made a series of careful analyses of air in order to ascer-

tain the limits of the variation of the oxygen in a single locality. On
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Loomis's theory that sudden depressions of temperature are caused by
the vertical descent of cold air from the higher portions of the atmos-

phere, the author conceived that such air might well contain a smaller

proportion of oxygen than the average. In preparation for testing the

question, he has made a number of exi^eriments with apparatus specially

constructed. In proof of its accuracy, he states that the j^robable error

of a determination of oxygen in the air, is the 7200th part ; and the j^rob-

able diflerence of two determinations on the same samj)le is the 5200th

])art. The air analyzed was taken in the open country during Decem-

ber, 1878, and Januar^^ and February, March and April, 1879. The mini-

mum of oxygen observed was found in a sample taken on the 2Gth of

February, wiien it was 20.45 and 20.50 in two experiments. The maxi-

mum occurred in air taken on the 2Sth of December, 20.98 and 20.90 in

two analyses.

—

{Am. J. iSci., Ill, xviii, 168, September, 1879.)

Boussingault has investigated the production of oxygen from barium

dioxide under diminished pressure, and shows that in a vacuum this sub-

stance parts with oxygen at a low red heat. Conversely at about the

same temperature, but at ordinary pressures, oxygen is readily absorbed

again from the atmosphere by the lower oxide. Barium oxide may be
successfully employed, therefore, on the large scale for obtaining i^ure

oxygen from the atmosphere. . The difficulty hitherto experienced was
the fact that at the high temi)erature necessary to decompose the dioxide

under ordinary pressures, some molecular change took place which
diminished largely its power of absorx^tioii.

—

{Ann. Chini. Phys., V, xix,

464, April, 1880.)

Hautefeuille and Chappuis have announced to the French Academy
the liquefaction of ozone. By the use of a very low temperature they
have succeeded in producing from oxygen, by the silent electric discharge,

a greater quantity of ozone than hitherto, this at—23° C. being 21 per
cent. The ozonized oxygen was conducted into the cool tube of a Cail-

letet's apparatus and pressure applied. After a few strokes of the pump
the gas appeared azure blue in color, which increased with the pressure

to dark indigo blue. On suddenly expanding the gas under 05 atmos-
pheres pressure, a mist appeared in the tube, indicating liquefaction.—
[Nature, xxii, 500, October, 1880.)

Ogier has succeeded in effecting the combination of -hydrogen chlo-

ride and hydrogen phosphide gases by compressing them together in a
Cailletet's apparatus. When equal volumes of these two gases were com-
pressed by a pressure of 14 atmospheres at 14^, combination took place
and small yellow crystals, very brilliant, appeared in the tube. If the
proportion had been accurately made and the gases were pure, they
disappeared entirely, the walls of the tube being covered with the crystals

with no trace of liquid. If, however, the upper part of thetube be warmed
with hot water to 20°, a liquid layer appears. If now the tube be cooled
slowly, maiutaining the pressure at GO to 70 atmospheres, a point is

reached when combination takes place and crystals are formed. A
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partial vacuum is produced in the tube and the mercury rises. The
liquid may also be obtained by a sudden compression and the solid by
a sudden expansion, producing sufficient cold.— (-7. Fhys., ix, 38G, Novem-
ber, 1880.)

Maskelyne has examined two samples of material said to be crystal-

lized carbon or diamond sand. The first was sent him by Mactear of

Glasgow. On testing it he found {a) that it would not scratch either

sapphire or topaz; (h) the particles polarized light; and (c) were not com-
bustible, hence the samj)le was not diamond dust. Since evaporation
with hydrofluoric acid caused it to disappear, it was probably a silicate.

The second sample came from Hannay, also of Glasgow, and consisted

of small crystallized particles, which in luster, in lamellar structure

on the cleavage surfaces, and in refractive power, presented exactly

the appearance of fragments of a broken diamond. They were inert in

polarized light, they easily scored deep grooves in sapphire, and they
were combustible, burning away entirely on platinum foil. The angle
between the cleavage faces was 70° 29', that of the diamdnd being 7()o

31'.7. Ilannay has himself given an account of the production of these

diamonds, in a paper read before the lioyal Society by l*rofessor Stokes.

This result is an outcome of his remarkable research on the solubility

of solids in gases. lie observed that when a gas containing carbon and
hydrogen was heated under pressure in presence of certain metals, its hy-

drogen is taken by the metal, and its carbon is set free. If this evolution of
carbon takes place in presence of a stable compound containing nitrogen
at a red heat and under a very high pressure, the carbon is obtained in

the clear transparent form of the diamond. The specific gravity of the
crystals is 3.5, and they yield on combustion 07.85 i)er cent, of carbon.

An iron tube 4 inches in diameter and half an inch bore was exhibited
as one of the tubes used in the experiment. These tubes burst in nine
cases out oi tew.—{Nature, xxl, 203, 200, 40-1, 421, 420, lS79-'80.)

Cooke has made additional experiments in support of his early result

which fixed the atomic weight of antimony at 120.00 ; a result obtained
as a mean of fifteen analyses of five difiV'ieut preparations of antimony
bromide. In the present paper he discusses the causes of error to which
his previous method was liable, and concludes that they arise from the
analytical process, and not from a want of purity of material ; and fur-

ther that they are to a great extent under control. He then details the
results of experiments made with the volumetric method, by precipitat-

ing a known weight of antimonous bromide by a standard solution of

pure silver. As a mean of five analyses, the percentage of bromine
found was GG.GG51, against GG.CGG5 given by the fifteen previous anal-

yses, corresponding to an atomic weight of 120.01. The silver bromide
formed in the last two experiments, on drying and weighing, gave two ad-

ditional determinations—120.01 and 120.00.—(Aw*. J. ScL, III, xix, 382,

May, 1880.)

Humpidge has given an excellent resume of the progress of discovery
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of new metallic elements, of wliicli fourteen have been added to the list

in about two years, eleven of these belonging, it is said, to the yttrium

or cerium group. The first was Davyura, a new metal of the platinum

group announced in 1877 by Kern
;
probably a mixture. Then follow

ytterbium by Marignac, X by Soret, mosandrum by Smith, phillippium

and decipium by Delafontaine, thulium and holmium by Cleve and

Thalen, samarium by Lecoq de Boisbaudran, scandium by Nilson, nor-

wegium by Dahll, and vesbium by Scacchi.—{Nature, xxii, 232, July,

1880.)
ORGANIC.

Thomsen, in a paper presented to the Berlin Chemical Society, has

attempted to base a general theory of the structure of carbon compounds

on thermal determinations. He does this by measuring (indirectly of

course) the heat of dissociation of the carbon molecule, and from this

and other data finding a thermal value for the combination of two car-

bon atoms, to form a gaseous compound, by four "links," by three, by

two, or by one. He thence deduces a thermal value for each link. Gen-

eral equations are given for calculating the heats of formation of various

isomers, assuming a certain linking of the atoms for each. In cases

where various linkiugs may be assumed, a determination of the heat of

formation may determine which linking, and therefore which structural

formula, is the more probable.

—

{Ber. Berl. Cliem. Ges., xiii, 1388, 1392,

July, 1880 5 Nature, xxii, 542, October, 1880.)

Beilstein and Kurbatow have examined the more volatile portions of

the petroleum of Baku in the Caucasus, with a view of comparing them
with the corresponding portions of American petroleum. It had been

observed that for the same boiling point the Caucasus fractions had a

greater sx)ecific gravity. Hence a distrust of these Caucasus illuminat-

ing oils, until it was shown that they had an illuminating power 10 per

cent, higher than the American. The fractions obtained by the authors

were: one boiling below 80^, with a gravity of 0.717; one from 80° to

85°, 0.733; one from 85^ to 90^, 0.741; one from 90° to 95°, 0.745; one

from 950 to 1000, 0.748; and one from 100° to 105°, 0.752. Below 80^

American petroleum yields hexane of gravity 0.669, while between 95^

and 100"^ it gives heptane of gravity 0.099. To ascertam the cause of

this difference the 80° to 85° fraction was agitated with fuming sulphuric

acid; but no aromatic hydrocarbons were thus detected. Since analysis

gives the formula Cu H2„, the fraction was examined for the olefines

with bromine; but no action took place in the cold. On further study

it appeared tliat these hydrocarbons belonged to a series obtained by
hex-hydrogenating the aromatic hydrocarbons, the first member of which
is hexahydrobenzene. Subsequent investigation showed the same series

to be present in American petroleum, though in much smaller amount.

—

{Ber. Berl. Chem. Ges., xiii, 1818, 2028, 1880.)

Vincent and Delachanal have determined the density and the expan-

sion coefficient of methyl chloride at various temperatures. For this

I
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purpose they used a tliermometric reservoir containing the liquid, which

with its stem was carefully calibrated. The density found varied very

regularly from 230.7, where it was 0.99145, to 39°, with a value of

0.87886. The expansion coefQcient was found to increase with the

temperature, the ratio of the increase of the volume from ttot+ 1 de-

grees, to the volume at t, being at -30^, 0.001310; at -0°, 0.001920
;

at 40°, 0.002313.—{Ann. Chim. PMjs., V, xvi, 427, 1879.)

Friedel and Ladenburg have continued their investigations upon or-

ganic compounds containing silicon in place of carbon, and have now

given the results of their study of the silicoethyl series. Silicon, they

say, acts in a group of carbon atoms like one of them, and nothing could

resemble a hydrocarbon more perfectly than do silicon-ethyl and silicon-

methyl. In their present paper they describe silicon hexaiodide Si^ Is,

silico-oxalic hydrate H2 Sia O4, silicon hexethyl, Sij (C2 H5)6, silicon hexa-

bromide Sij Brc, and silicon hexachloride ^k Ck- The latter has also

been obtained by Troost and Hautefeuille.—(Awm. Chim. Phys., Y, xix,

390, March, 1880.)

De Forcrand has studied the production of new ultramarines by re-

placing the sodium which is contained in the ordinary blue variety,

more or less completely by other metals and even by organic radicals,

linger had obtained a green ultramarine in which half of the sodium

was replaced by silver ; and Ileumann another, yellow in color, in which

this replacement was complete. When this latter body is heated dry with

a metallic or organic chloride, chloride of silver is formed and also a new

ultramarine. After treating of the production of the silver ultramarine

and the regeneration of the blue variety from it, and of the transformation

of the silver body into ultramarines of potassium and rubidium, green-

ish blue, of lithium, blue, of barium, yellowish brown, of zinc, violet, and

of magnesium, gray, the author proceeds to describe the formation and

properties of organic ultramarines. When the silver compound is

heated with ethyl iodide, a gray slightly reddish body is obtained, which

heated with sodium chloride gives ethyl chloride and blue ultranuirine.

It was therefore an ethyl-ultramarine. Similar ultramarines were ob-

tained with the radicals allyl, amyl, and benzyl, and even with the

quaternary ammoniums triethyl-phenyl-ammonium and tetramethyl-am-

monium.—(Aw)i. Chim. Fhys., V, xvii, 559, August, 1879.)

Cooke has described a double tartrate analogous to tartar emetic, in

w^hich the potassium is replaced by silver, and which he calls therefore

silver emetic, or argento-antimonious tartrate. Although previously

observed, its properties have been only incompletely examined since it

was in an amorphous condition. It is more soluble in water than at

first supposed, requiring one hundred parts of boiling water and less

than five hundred parts of water at 15° C. for its solution. Hence by

dissolving in boiling water and allowing the solution to cool, colorless

brilliant crystals w^ere obtained belonging to the orthorhombic system.

They blacken on exposure to light, and decompose at 200° with slight
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explosion, leaviug si)augles of metallic silver mixed with an amorphous

powder of autimonous oxide. It contained 2G.30 per cent, of silver.

—

{Am. J. ScL, III, xix, 393, May, 1880.)

Grimaux and Adam have succeeded in effecting the synthesis of citric

acid from glycerin. Since glycerin is tri-hydroxyl-propane and citric

acid is hj^droxyl-tri-carboxyl-propane, the theoretical conversion of the

former into the latter requires only the substitution of three carboxyls

for two hydroxyls and one hydrogen. Practically, this replacement

was effected in several stages: first, by the action of hj^drochloric acid

on glycerin, dichlorhydriu, or hydroxyl-dichlor-propane, was produced.

By chromic acid this was oxidized to dichloracetone or oxydichlor-

propane. This, by the action of concentrated hydrocyanic acid, gave

dichloracetone-cyanhydrin, or hydroxyl-cyan-dichlor-i)ioi)aue. By sa-

ponifying with hydrochloric acid, the corresponding acid hydroxyl-

carboxyl-dichlor-propane was obtained. The sodium salt of this was

treated with potassium cyanide, giving hydroxyl-carboxyl-dicyan-pro-

2)aue. And this, when saponified as before, gave hydroxyl-tricarboxjl-

propane, or citric acid, identical in all its properties with that obtained

from lemons. Since glycerin can be made from trichlorhydrin, which

may be made by the action of chlorine on propylene, and since propy-

lene can be made from marsh gas and carbonous oxide, marsh gas itself

being i)roducible from carbon and hydrogen, the synthesis is complete

from the simple elements up to citric acid.

—

{Nature^ xxii, 585, October,

1880.)

Eosenstiehl has given the processes by which Baeyer has succeeded

in synthesizing indigotin, the coloring matter of indigo. Two of these

are described, in both of which cinnamic acid is taken as the point of

departure. On nitration, this acid yields orthonitro-cinnamic acid; and
this is converted («) »into orthonitro-phenyl-propiolic acid by bromi-

nating and subsequently saponifying; or {h) into orthonitro-phenyl-

oxyacrylic acid by treatment with hypochlorous acid and subsequent
saponification. The action of heat alone converts this latter acid into

indigotin, a temperature of 110° C. being sufficient. But the action is

complex and the yield is small. Orthonitro-phenyl-propiolic acid is con-

verted into indigotin by heating it with a mixture of alkali carbonate
and glucose, to 110° C. The action is regular, the indigotin separates

in the crystalhne form, and the process has tho, very great commercial
advantage that the coloring matter can be developed directly on the
cloth. The mixture of the acid with the alkali and glucose being
printed on the cloth, exposure to superheated steam develops the color

fixed in the fiber.—(Awn. Ghim. Phys., xxi, 280, October, 1880.)

Spiller has devised a simple means of identifying the cOal-tar colors,

founded on the action of sulphuric acid on the dyeing material taken in

conjunction with the shades produ(;ed on and the tendency to dye silk,

wool, or cotton. The most striking reactions are as follows: Magdala
red with sulphuric acid gives a blue-black; saffranin a grass-green, be-
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coming indigo blue on strongly heating; clirysoi'din deep orange, turn-

ing almost to scarlet on heating; alizarin, ruby-red or maroon; eosin,

golden-yellow; primrose (naphthalene yellow), first yellow then color

discharged; chrysaniliue, brown fluorescence; aurin, yellowish brown;

atlas orange, rose-color, changing to scarlet on heating; atlas scarlet, no

alteration; biebrich scarlet (E), blue-black; ditto (B), blue-green; aniline

scarlet, permanent golden-yellow; indulin, slaty blue to indigo. All

violets give a yellow or brownish yellow; phenyl and diphenylamine

blues dark brown solutions; iodine and malachite greens bright yellow

solutions, the former giving oflt' iodine on heating ; and finally citronin,

which gives a pale cinnamon color or a neutral tint.

—

{Nature^ xxii, 448,

September, 1880.)

Schiitzenberger has given in an elaborate memoir the results of his

investigations into the chemical character of albumen based on the ob-

servation that when subjected, under suitable conditions, to the action

of baryta water it breaks up entirely, or almost entirely, into definite

crystallizable principles. His results show that the mixture of fixed

principles derived from albumen by hydration contains only amido-de-

rivatives, and that these may be divided into two unequal portions

;

one, about 16 or 18 per cent., containing substances in which the nitro-

gen ratio is 1:3, 1:4 or 2:5, mostly acids; and a second, four-fifths of the

residue, represented by the formula (OuH2uK204)x, the value for n being

a little less than nine. Albumen is therefore probably an imido-deriva-

tive, whicli changes by hydration into a mixture of amidoderiva-

tives.—(Ann. Cliim. PJnjs., V, xvi, 289, March, 1879 j J. Ghem. iSoc.j

xxxvi, 54G, July, 1879.)
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It is unnecessary to state that in the past two j'ears numerous con-

tributions have been made to our knowledge of tlie constituents of

the earth, for mineralogical study excites interest upon so many sides,

and is demanded for so manj' economic as well as scientific purposes,

that the number of workers in this department is always sure to be large.

But it is of peculiar interest to note the number and the character of the

investigations which have been made in this country, and the attention

which they have excited at home and abroad. In looking over the list

of new species it will be seen that many of the most interesting have
been found here. This is not strange, considering the rapid develop-

ment of our mining industries and the explorations that have been
made in unknown territories. But tlie finding of new minerals is not at

present the highest of mineralogical accomplishments, and a new name
is a burden and not an aid to science. A very diflereut thing is such
study devoted to a new species as puts us in possession of new informa-

tion
5
and it is to the character of the new species and to the study

devoted to them that the prominence of American work during tbis

l)eriod is due.

We will therefore first consider the new discoveries that are purely

American, and then we will return to more general considerations.

AMERICAN PKOGRESS.

Prof. E. S. Dana, in preparing a previous record of mineralogical pro-

gress, modestly refrained from assigning a prominent position to the
results of the explorations in Branchville, yet it may safely be said that

so fruitful a locality has for many years not been found in any land.

Up to the beginning of 1879 they had extracted five new species, but
since that time they have found two additional manganese phosphates,

making seven in all, and also a new and interesting lithium aluminum
silicate. In addition, many rare though previously described minerals

have been there found by them, and much interesting analytical work
has been done upon this material by Messrs. Penfield and Comstock.

These analyses have also suggested investigations that have resulted in
299
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a more certain determination of the formula of several species and to

the discovery of very interesting A^arieties of old ones. Mr. Comstock

analyzed the tantalite, which occurs at Branchville, together with im-

mense crystals of the rare columbite, and also analyzed and fixed the

formula of urauinite, which before had never been found in such fine

and fresh crystals, and of which, therefore, no material so suitable for

analysis had been found. Mr. Penfield reached also as interesting re-

sults in his analyses of triphyllite and amblygonite, and also analyzed

a novel variety of apatite which was found to contain a large amount of

manganese. Profs. Brush and Dana have once more demonstrated the

economic value of scientific industry. Their new minerals were found in

a A^ery coarse-grained vein of pegmatite. They also found there immense

crystals of potash feldspar of the variety microcline, also masses of clear,

I^ure quartz. Having extracted many tons of these materials as waste

products in their search for the rare minerals, they took occasion to call

the attention of a ijorcelaiu manufacturer to it, and he found on trial

that the feldspar was eminently suited for the manufacture of his

wares, as was also the quartz. He therefore purchased the f)roperty,

and these materials have been systematically and extensively extracted

ever since.

Profs. Brush and Dana have made another most imjiortant discovery,

fully equal in interest to their discovery of new species, since by means
of it they have perfected our knowledge of a species previously little

untierstood. The calcium borosilicate danburite was discovered many
years ago by Prof. C. XJ. Shepard, though its chemical composition was
subsequently first correctly determined by Profs. J. L. Smith and
Brush. Yet so small and imperfect were the grains then found that its

mode of crystallization was never known, or at least its form, could not

be correctly determined. It was thought to be triclinic. Through the

discovery of these gentlemen all the cabinets of the world are, or will be,

enriched with large and beautifully crystallized specimens of this hereto-

fore rare and insignificant species. The new locality is in Eussell, Ne\r

York, where danburite occurs in large, compact, rock-like masses and fine

crystals of perfect form. The little crystals are white and transparent,

and the large ones are also very perfectly formed. They are rhombic
in form, and, what is most remarkable, although it possesses no appar-

ent chemical affinity with topaz, its crystals are so deceptively like it

that no one would hesitate to pronounce it topaz from its outward ap-

pearance. This resemblance extends yet further; its axes are very

nearly identical in length, and its optical properties are nearly the

same as in topaz. Other cases of close resemblance in form between
unrelated chemical compounds are known. Calcite resembles soda nitre,

for example, and aragonite resembles saltpeter. Such resemblances of

the present time can only be explained as being the accidental resem-

blances, like those of faces in a crowd. But the fact that this borosilicate

resembles toj^az even in the minute details of arrangement of its crystal-
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liue planes, indicates that we have perhaps much yet to learn concern-

ing isomorphism.

One of the most interesting studies of this period has been made upon

the lithium aluminum silicate spodumene and the products of its alter-

ations. Mr. Alexis A. Jidien, of Columbia College, first examined the

siiecimens that he obtained in Massachusetts. Spodumene, by the action

of decomposing reagents in nature, exchanges its lithia for potash or

soda, and becomes altered into a variety of substances, one of the most

characteristic of which has been called cymatolite. Mr. Julien analyzed

this substance and endeavored to fix its comi^osition. But at Branch-

ville. Profs. Brush and Dana found immense crystals which were origi-

nally all of si^odumene, and which had decomposed in such a way as to

enable them to make a most interesting investigation and arrive at new
results. These crystals were of very great dimensions, some being over

four feet long and a foot wide. Their interiors were still of a beautiful

clear pink si)odumene, but they were mostly altered into mica, albite,

cymatolite, and a translucent substance which they provisionally called

/3 spodumene. By chemical and microscopic study they demonstrated

that this so-called cymatolite was comi)osed of a very intimate mixture

of white mica and albite, and that tlic [i spodumene was composed of

albite and a new mineral, which they have called eucryptite, and which

will be found described beyond. The study of such processes of altera-

tion is very important, since it develops facts of geological importance,

and the changes which this spodumene has undergone form an inter-

esting chapter in the history of jiseudomorphs.

Mr. Harrington, of Montreal, has made an important study of the apa-

tites and their associated minerals in Canada. As is well known, very

large deposits of clear green and otherwise colored apatite occur there

from which ver}^ large quantities are annually taken to be crushed and

manufactured into superphosphates for agricultural purposes. Such

deposits also occur in Norway, where they have been studied by Pro-

fessors Brogger and Reusch, who determined them to be of eruptive

origin. Professor Harrington, after showing that they occur in rocks of

a similar nature, though unlike in detail, shows that there is abundant

reason for considering that they are not eruptive rocks, and thinks that

they were gathered by and crystallized from solutions. I will recall in

this connection that 31. Daubree made apatite in a closed tube, by
causing a volatile phosphorous compound to act upon hot limestone,

and he thinks that some such deposits may have been formed by subli-

mation. The opinion of Dr. Harrington is sustained by the previously-

formed opinion of Dr. Hunt, and it will be seen that every possible mode
of origin has to-day weighty ojiinion in its favor. But argument of

such (piestions is progress, and is a long step toward conclusion, and

these studies have contributed much to our knowledge of these deposits.

IMr. Harrington describes immense crystals of apatite a foot or more in

diameter and several feet long. Mr. Adams and Mr. Hofmanu have
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also been busy analyzing Canadian minerals. Very interesting are

the analyses of scai)olites by Mr. Adams, He found them all to con-

tain chlorine, the overlooking of which was probably the cause of the

e^ident errors of previous analyses.

The relationship in which hornblende and pyroxene stand to each

other has always been a favorite subject. Although each species has

numerous varieties of very variable composition, each possesses the

same chemical varieties, and they are therefore considered as dimorphous.

Moreover there is a very definite relationship between their forms, since

doubling the length of one axis in jiyroxene gives the axes of hornblende.

Another feature that has attracted much interest is that pyroxene tends

to alter its own internal molecular structure into that of hornblende.

This results in giving us quite perfect crystals aj^parently pyroxene,

but which possess the cleavage and optical properties of the allied spe-

cies. Since the two species may be identical in composition, this has

usually been spoken of as a case of paramorphism, of which we have

some other illustrations. Calcium carbonate crystallized as aragonite

can, for example, be internally altered to calcite, which change involves

no chemical alteration. But Mr. Harrington among the apatite deposits

has succeeded in finding pyroxene crystals in which this process of alter-

ation was in progress, and in some cases had progressed to that extent

that the crystals were internally pyroxene and externally of horn-

blende. Analyses of the materials in all cases showed that a chemical

change had taken place, which was largely expressed in a loss of lime.

In other words, the i^yroxene was changed, not into a hornblende of a

like composition, but a hornblende of different composition. Pyroxene
crystals altered into hornblende have been called uralite, because first

brought from the Urals by Gustav Eose. Professor Harrington's analy-

ses demonstrate that his crystals are to be considered as pseudomorx)hs,

and not as paramorphs.

Mr. Hidden has been seeking minerals in the Southern States.

Among others he has found some very beautiful, transparent, green

crystals of spodumene, which are a novelty and an interesting addition

to the varieties of this species. Some immense crystals of sphene,

weighing fifty pounds or more, have been brought from Renfrew, in

Canada. Dr. Shepard has bought the celebrated Graves Mountain,
Georgia, and has mined from it great numbers of very large and very
beautiful rutile crystals; and the shelves of the mineral dealers will be
found enriched with a great deal of material from new localities that

have been developed during the past two years.

2Ieteorit€s.—When one remembers how very few are the meteorites

that have been seen to fall and have then been found, and the general
and keen interest felt by the whole scientific world in these celestial

bodies, the very remarkable fall of meteorites that took place in our
country last year must be considered as an important event. Most of the
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meteorites thus far found possess thoroughly individual characteristics

;

therefore each new discovery of a meteorite is met with the expectation
of some new information regarding the composition and history of other
worlds than ours. This new meteorite was thoroughly unique in its

general character and brought to us a mineral which was heretofore
unknown.
In Emmett County, Iowa, on the 10th of May, 1S79, at five o'clock in

the afternoon, although the sun was still shining and the day clear, a
large meteorite was seen to pass across the sky. One person saw it at
a distance of one hundred miles from the place of its fall. It is said to
have made a noise "terrible and indescribable," which was louder than
that of artillery, and which frightened the cattle as much as the people.
One piece, five hundred pounds in weight, struck the earth at such a
velocity that it buried itself fourteen feet in a stiff clay soil. A second
piece, weighing one hundred and seventy pounds, and a third, weighing
one hundred and forty pounds, were found in. the neighborhood. ^lore-
over, the prairie far and near was scattered with little pieces, hundreds
of which were gathered. One remembers in this connection the multi-
tude of little meteorites which fell at Pultusk, one or more of which are
in every collection. The largest of the pieces of this Emmett County
meteorite was sold for a great sum to the British Museum ; * the second
piece remained in the Iowa University collection, and the third was
purchased by Yale College. The circumstances of the fall of this me-
teorite were first described by Professor Peckham, and Dr. J. Lawrence
Smith afterward submitted it to careful investigation in the laboratory,

and found it to contain a new magnesium iron silicate, which he named
Peckhamite. The other constituents were chiefly metallic iron and
olivine, which are common constituents of meteorites, but this meteorite
was characterized by the great size of its olivine grains. It is partly on
account of such large crystals that it is commonly believed that these
meteorites once formed parts of greater bodies, from which they have
been broken. The history of Biela's comet will be remembered in this

connection, which on one of its periodic appearances was found to have
divided, and which subsecpiently finally disappeared from the sky,

though a meteoric shower occurred at about the time that it should
have appeared.

Mr. Hidden has also found some interesting meteoric irons in the
South. One of these was plowed out of the ground in Cleburne
County, Alabama, in 1873. Though the circumstance of its being
metallic iron excited the curiosity of the people, no one considered it

as anything of value. A piece of it was forged into a tool, and the
rest lay for years in the blacksmith shop, unknown an<l unappreciated.
It has now been investigated by Dr. J. Lawrence Smith, who has done
so much in the chemical study of these bodies.

Another block of meteoric iron weighing 120 pounds has been found

* We should have a fuutl to keei) such intcrestiug things iu this country.
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at Ivanpah, Cal., by Mr. S. Goddard. It lias been partially described

by Prof. C. U. Shepard, and is in the possession of Mr. Hanks, the

State geologist of California.

It is known that etched surfaces of meteoric irons exhibit definite

figures resultant from the crystallization of the iron, and which not

appearing upon surfaces of common iron have been considered as char-

acteristic of meteoric iron. Mr. Daubre6, and afterward Meunier,

succeeded in obtaining such figures on nickeliferous iron, and now Dr.

J. Lawrence Smith has succeeded in inducing like figures upon polished

surfaces of iron containing silicon. Add to this the circumstance that

the same happens when the Ovifak iron, which is now generally ad-

mitted to be terrestrial, is treated, and it can scarcely be claimed any

longer that these figures are alone characteristic of meteoric irons.

NEW MINERALS.

We will now refer briefly to the new minerals that have been de-

scribed. We think it will be seen that, if a few minerals should be struck

from this list, this portion might be left out of a report upon progress,

for many of these new minerals are described more for the zeal for nam-

ing than for any information of interest that their study has developed.

Abriachantite.—An impure, bluish clay, like mineral, named by Heddle

after the locality where it is found in Scotland. A name given to a

poorly identified species.

Animikite.—A very basic silver antimonide found by H. Wurtz at Silver

Islet, in Lake Superior. Its name is derived from animikie, which

means thunder; whence Thunder Bay derives its name. It is not

established as a species.

Bernardinite.—A new mineral resin found by J. M. Stillman, in San
Bernardino County, California, It is white in color, and so porous

and light that it will float on water. A new resin has also been
described by C. Dolter in the communications of the Steinmark natural

history society. It was found by him in the tertiary lignites.

Bhreclcite.—A substance found by Heddle at Ben Bhreck, in Sutherland,

Scotland. A calcareous chlorite like mineral of undetermined com-
position. Named on account of the possibility that it might prove
new.

Eggo7iite.—Vr6hah\y a cadmium silicate, which is found in minute light

brown crystals on calamine at Altenberg, near Aix-la-Chapelle. It

was described by Schrauf, who determined it to be triclinic, but he
did not definitely decide its com^^osition.

Menorite.—An hydrous iron phosphate, found by A. Nies in the Eloe-

nore mine, near Giessen. It is rhombic, dark brown, translucent, and
vitreous in luster. Its investigation is, however, still incomplete.

Eucryptite.—A lithium aluminum silicate, discovered by Brush and
Dana, at Branchville, Conn. It is intimately intermingled with
albite, forming what they call /? spodumene. The two minerals are
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arranged wifli reference to one another as are quartz and feldspar in

sclirift granite, and, as in tliis case tlie mineral intermingled with

the feldspar is hexagonal. In composition it is somewhat related

to muscovite or nepbelin. It is white and fibrous, and only detected

by microscoi)ic examination. ]S"amed from £3, well, and xpuTrrdg, con-

cealed.

MtraUte.—A dark-green chloritic substance, resembling delessite, and
found by F. J. Wiik, at Eura Kirchspiel, Finland.

Fairjieldife.—An hydrous manganese calcium phosphate, found by Brush
and Dana, at Branchville, in Fairfield County, Connecticut. It is a
colorless and transparent mineral with a good cleavage, and trichnic

in crystallization.

Filloicitc.—A mineral found by Brush and Dana at Branchville, and
named after the owner of the property on whose land they explored.

Occurs in granular and crystalline grains, the latter looking like

rhombohedrons but really monoclinic in form. It is a manganese
phosphate containing a little iron and soda, and of a wax-yellow color.

Fredriciie.—A mineral related to tetrahedrite, but contains lead and
tin. It is found in nuissive, iron-black pieces, at the Fain mine,

Sweden, and Is chieily composed of copper, sulphur, and arsenic.

Desciibed by ITj. Sjiigren.

Gelatinous chahazite.—Renevier found a gelatinous substance in fissures

in the conglomerate near Lausanne, Switzerland, that had the com-

position of cliabazite. He called it a mineral in emluyonic condition.

This was inappropriate, because no such condition is possible in the

organic kingdom. A mineral is complete as soon as formed, and

its crystalline condition is one of its essential i)roperties. This is a

new mineral if its composition is definite.

Guejarite.—A copper antimony sulphide, found by M. E. Cumenge in a

vein of spathic iron, at Guojar, in the Spanish Sierra IsTevadas. Oc-

curs in bright crystalline plates, that are sometimes quite large. It

is quite heavy, is steel-gray in color, and of rhombic crystallization.

Hannayite.—A hydrous magnesium ammonium phosphate found in the

guauo beds at Victoria. It was determined and named by vom Eath,

and found to be triclinic in crystallization.

Haufjhtonife.—A black mica, which was taken out of gneiss from Eoneval,

and analyzed by Ileddle. It is intermediate between biotiteand lepi-

domelane, and consequently scarcely needs any new name.

Heldhm-giie.—Another mineral of unknown composition, but i^ossessing

angles like those of Zircon. It is a yellow mineral seen in the feldspar

of phonolite from Heldburg in Colbnrg, by O. Luedecke.

Herrenfirundite.—A basic copper sulphate from Ilerrengruud, Hungary.

Occurs in six-sided tabular crystals of the monoclinic system. In

color it is dark emerald green. Occurs mixed with gyi)sum, malachite,

and calcite. .(See urvoJgyrite.)

S. Mis. 31 20
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Eofmannite.—A colorless, tasteless liydi-ocarbon, found in tabular crys-

tals on lignite. Described by Becbi.

Eunfilite.—A mineral named by Henry Wurtz after Dr. T. Sterry Hunt.

It is a basic silver arsenide, but poorly determined. Found at Silver

Islet, Lake Superior.

Koflacliite.—This is a kind of mineral pitch or resin, found by C. Doelter

near Kiiflach. The author names it with doubt, and says it is very

near Jaulingite, another resin found at the same place.

Leucomanganite.—A foliated, radJated, snow-white mineral, composed of

manganese and iron protoxide*, alkab, and water in unknown pro-

portions. Named by Sandberg^sr.

Lintonite.—An hydrous calcium aluminum sodium silicate, closely allied,

perhaps, identical, with thompwouite, which was found in amygda-

loidal cavities in diabase near Grand Marias, Cook County, Minnesota.

Named after Miss Laura Linton, the analyst of the specimens.

Louisite.—A leek-green translucent vitreous brittle mineral found by D.

Honeyman, at Blomidon, Nova Scotia, and named from the princess,

It is an hydrous lime i)otash silicate.

LucMfe.—An hydrous manganese iron sulphate, found with mallardite

in the Luckyboy silver mine, Butterfield Caiion, Utah. It is clear,

with a bluish tint ; found in indistinct striated prisms in a black bitu-

minous rock, isomorphous with melanterite, from which it differs in

the i^resence of manganese. Described by A. Carnot.

Mallardite.—An hydrous manganese sulphate, soluble in water, de-

scribed by A. Carnot, from the Luckyboy silver mine, Butterfield

Caiion, Utah. It occurs in colorless fibrous crystals in a gray clay

like stone, together with quartz and barite.

Mixite.—A copper bismuth arsenate containing water. It is found as

an emerald or bluish-green incrustation on bismuth ochre. It forms

spherical and reuiform aggregations, and granular irregular par-

ticles. Found in the Joachimsthal, and determined by A. Schrauf.

Newberylte.—Another mineral found by vom Rath in the Victoria guano
beds ; it is a magnesium ijhosphate containing water, and orthorhom-

bic in crystallization.

Ontariolite.—An '' embryonic" mineral, named before its investigation by
Prof. C. U. Shepard. It is a member of the scapolite family, found at

Ottawa, Canada.

Orizite.—A mineral of the composition of heulandite found in the tour-

maline granite at San Piero in Campo, by Grattarola. It occurs in

crystals, and crystalline grains of the color and luster of rice kernels.

Pecldtamife.—A magnesium iron silicate found by Dr. J. Lawrence
Smith ill the meteorite that fell in Emmet County, Iowa. It is dingy-
yellow in color, has a perfect cleavage, and occurs in nodules several

millimeters in diameter. It is intermediate between olivine and bron-
zite. Named after Professor Peckham, who first described the fall of
this remarkable meteorite (see Meteorites).
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FMladeljyJilfe.—A mineral found in a decomposing hornblendic gneiss
on Germantown Avenue, Philadelphia. In composition and properties
related to vermiculite. A pearly micaceous mineral, which exfoliates
when heated to ten times its original volume. Described by Henry (J.

Lewis, of Philadelphia.

Phos2)JmranyUt€.—A pulverulent incrustation found on quartz and feld-
spar, of a pearly luster, and lemon-yellow color, and determined by
P. A. Genth to be a hydrous uranium phosphate.

Pmte.—A hydrous iron phosphate which, like the Elenorite, before
mentioned, is found in a mine near Giessen. It is amorphous dark
brown translucent, and has a fatty luster. It occurs in little stalac-
tites, and spherical concretions, or in coats on other minerals.

Plagiocitrite Klinopliwite and WatteviUitc, are some hydrous sulphates
found by S. Singer on the Bauersberg near Bischofsheim, on the
Ehone. They resulted from reactions between the decomposing i)yrites
in some lignite beds, and an underlying basalt, or the tiiif mixed with
the lignite. They remain to be further investigated.

Pseudonatrolite.—A new zeoUte described by Grattarola from San Piero
in Campo. It is found in minute colorless crystals with a glassy
pearly luster, and probably orthorhombic in crystalUzation. It is a
calcium aluminum silicate, and named from its relation to natrolite.

Eandite.—A lemon-yellow incrustation found on granite and detennined
to be a calcium uranium carbonate, near liebigite in composition.
Named for T. D. Eaod of Philadelphia by G. A. Koenig.

Rcinite.—A pure iron tungstate, discovered by Professor Pein in Kim-
bosan, Japan, and investigated by K. von Fritsch and Luedecke. It
is a black-brown opaque substance; found in large square crystals
assumed by analogy to be monoclinic.

Thaumasite.—A white translucent mineral, from Aareskutan, described
by G. Lindstrom, with fatty glance, and choncoidal fracture. It is
an hydrous lime carbonate, sulphate, and silicate. One would think
it a mixture, but several analyses exactly agree, and Tornebohm, a
careful analyst, is assured that it is no mixture. One will remember
cancrinite, which is a silicate and carbonate. This mineral is justly
named from f^aoiiaXw^ to wonder.

Titano7}}or2)hite.—The gray translucent substance which is so very fre-
quently found in microscopic sections of rocks as a decomj^sition prod-
uct of titanic iron and rutile, has been the subject of much discussion.
It has never been found practical to separate it and analyze it, hence
its composition has always been a subject of speculation ; von Lasaulx
found masses in an amphibolite, from Hohe Eule, of sufficient size to
analyze. He fixed its composition as a calcium titanate, identical
with perowskite. The substance previously had two or three names,
and was best known as leucoxene, a name given by Giimbel. It was
scarcely necessary to give it another.
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Tripplmte.—A copper arsenite from Chili, the composition of which

was determined by A. Damour, and the crystallographic properties

by G. vom Eath. It is a quadratic mineral, the optical proof of which

was furnished by Des Oloizeaux. It was named for Dr. Paul Tripkie,

a mineralogist in Bonn, who was unfortunately killed shortly after he

had found this mineral, which he suspected to be new.

Tysonite.—A mineral found by Messrs. Tyson and Wood, on Pike's

Peak. It was found by Prof. O. D. Allen and Mr. W. J. Comstock

to be a fluoride of the rare earths cerium lanthanum and didymium.

It is a hexagonal mineral of vitreous and wax-yellow color, and very

heavy. It was named from the finder.

Urisite.—An hydrous iron sulphate, containing soda, described by A.

Frenzel. It has a citron or pomegranate yellow color, and occurs in

rhombic crystals. It was obtained in the Caucasus.

Urvolf)rjite.—This is the same thing as the Herrengrundite described by

Brezina. This name was given by Szabo, but the lime which Brezina

found resulted from an intermixture of gypsum, Szabo considered to

be an essential constituent.

Xantholite.—A-notheT of Heddle's possibly new minerals. Found at Loch

Ness, Scotland. Like grenatite, but of different color. A poorly de-

termined species.

IMPORTANT STUDIES.

It will be noticed that many of the new studies have consisted in the

continued application of the later developed optical methods to pre-

viously-determined species. This is because the ideas which constitute

a crystal have been changed, thus necessitating a reinvestigation of all

minerals. One sees no more in the new text books that a crystal is a

body bounded by planes symmetrically arranged by forces of crystal-

lization. But a crystal is a body with a defined molecular structure,

possessing like elasticity in like directions. The planes which may or

may not bound such a substance are simply one of the features of this

molecular structure, in the same way as are the optical, electric, mag-

netic, thermal, and other properties. The isometric crystalline form

of a substance can be more perfectly established by the examination of

a pair of sections from an irregular fragment than from the outer form

of a developed geometrical form. Opaque substances only are investi-

gated in the same way as of old, and even these can be studied bythermal

methods. The degree of symmetry in crystals are considered as the

prominent features in geometrical study, and the crystalline axes, such

as are not assumed for simple convenience of calculation, are the nor-

mals to these planes, and not imaginery lines. These principles, which

have much simplified the science in some directions and comjilicated it

in others, are not new developments, but progress worthy of note has been

made in the more general acceptation of the new system and its intro-

duction into elementary instruction.
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Feldspar.—The study of the chemical relationships of the feldsparshas
deeply interested mineralogists for several years. It will be recalled

that Tschermak, by a laborious investigation, attempted to systematize
all those kinds of feldspar of intermediate content of silica by a theory
of isomorphism of the extreme members of the group. This theory
was prevented fi-om receiving general acceptation by the researches of
Des Cloizeaux, who gave definite optical properties for the oligoclase and
labradorite as well as the rest. But now Schuster, by a more extended
series of investigations, has been convinced that in optical as well as
other properties, all these intermediate species do form a regularly pro-

gressive series, such as might be expected to result from isomorphous
combmations. Many speculations have been made with the view of ex-
plaining how a lime alumina silicate like anorthite can be isomorphous
with potash or soda alumina silicates, which, like albite and microcline,

are of entirely different atomic ratio. The satisfactory understanding
of this is a thing to be determined when knowledge is further advanced.
The fact ofthe isomorphism is admitted, and the theory ofthe isomorphous
replacements to form intermediate feldspar species has gained ground.
The dimorphism of potash feldspar has been known for some time.

But it has proved to be quite surprising to find that the new species
microcline is on the whole much more abundant than the old species
orthoclase, which previously embraced the whole. Microcline ditters

but extremely little in geometrical form from orthoclase, but its optical

properties are very markedly different. It is composed of a series of
laminse most intricately interwoven, a result of twinning according to

two difierent systems. Now Levy has lately shown that if this system
of twinning, which is sometimes carried to such an extent that the indi-

vidual lamince become minutely microscopic, were ouly repeated still

further, and the laminae subdivided until even the microscope could not
detect them, such a microcline would have all the properties, optical
and otherwise, of orthoclase. In this he is supported by able French
mineralogists, and it would appear as if we were liable to lose the old
classic orthoclase altogether.

Other studies of twins.—A twinning plane becomes of necessity a plane
of symmetry, and thus by simple repetition of this process very regular
bodies result from the least symmetrical. The process of reducing well-
known minerals to less symmetrical systems has gone on as vigorously
as heretofore. For example, chabazite, which w^as considered as a most
typical rhombohedral mineral, has been shown by Becke to receive its

usual form by the repeated twinning of its triclinic crystals. Leucite,
which at the time of the last review had with general consent been re-

duced from the isometric to the quadratic system, has since been found
by Websky to be orthorhombic, and by others has been considered as
still less symmetrical. Perowskite and Boracite receive their apparent
isometric forms by the repeated twinning of rhombic crystals. Other
examples might be given, but these are sufticient to show what is being
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done in these directions. The results of such studies, if of interest in

detail to but few (and they are treated with utmost detail), must not be

underestimated, for they tend toward a better understanding of molecu-

lar structure, a knowledge of which may at any time prove of utmost

interest to all.

Mica.—Prof. G. Tschermak, who, as is well known, has made a most

valuable investigation upon micas, the results of which proved that all

micas are monoclinic in form and that they possess variable optical

properties which necessitated a rcdivision and to a certain extent a new
nomenclature, has now, with the aid of Sepocz, extended his examina-

tion to the brittle micas of the clintonite group. These he finds also to

be monoclinic, and possessed of optical properties that make it possible

to systematize them in the same way as the elastic micas. Thus our

knowledge of a large number of minerals which before were very imper-

fectly understood has been much improved.

ARTIFICIAL MINERALS.

The synthetic methods of study have always found especial favor in

France. The impetus given by the men who have so distinguished

themselves in this way has in the past year brought forward a number

of new studies, almost all of them French.

Daubree's new book upon experimental geology contains an account

of all his previous experiments, and noticeable are the methods that he

has used to make sublimed minerals. The book is very interesting to

read, though its chief merit is the bringing together in condensed and

accessible form all the distributed writings of the author upon these

subjects.

Fouque, who some time since succeeded in reproducing the feldspars

by the simple process of allowing fused mixtures to slowly cool, has by
the same process made leucite, nephelin, and a variety of rocks that

are composed of minerals arranged in the same way, and scarcely dis-

tinguishable from volcanic products. These results both have a geolog-

ical interest, and are noticed in that section.

Fouqu6 and Levy jjerformed the very pretty experiment of fusing

a mixture of scapolite and hornblende, and obtained by slow cooling

a mixture of labradorite and pyroxene. One recalls the old experiment

of ]Mitscherlich, who fifty years ago fused hornblende and obtained py-

roxene. One of the very interesting exj)eriments of Fouqu6 and Levy
recently performed was that by which they produced feldspars of vari-

ous degrees of acidity, in which lead, baryta, or strontia were made to

take the place of tlie bases ordinarily found in them.
Velain has examined microscopically the fused ashes of grasses and

other plants, and found in them tridymite, anorthite, wollastonite, and
augite. Professor Maskelyn has described an artificial diopside rock

formed in a Bessemer steel converter. Liebethenite, the copper phos-
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phate, has been found to be very easily made by Friedel and Sarasin.

Scorodite, the iron arsenate, has been made by Yerneuil and Bourgeois.

Hautefeuille has made leucite, also an iron leucite, that is one which
contains iron sesquioxide instead of the usual alumina. Meunier has
made enstatite, spinel, and corundum. This does not cover the Avhole

list, but it is suflficient to show the energy with which the synthetic

method is being pursued in France.

Some very interesting experiments have been tried in the way of pro-

ducing artificially some of the physical features of minerals. Calcite

has been noticed to be usually in the condition of polysyuthetic twins
when in ordinary limestones, and it has been found that this twinned
structure can be induced in a simple crystal by pressing it in certain

directions. Baumhauer has shown how to make a perfect artificial twin
yet more simply. He takes his jackknife and presses its edge perpen-

dicularly into the pole edge of a rhomb near its apex. The parts dis-

placed by the jackknife then assume a position with reference to the

undisturbed parts as would a rhombohedron twinned with the next
more obtuse rhombohedral plane as twinning plane. One can thus easily

get a symmetrically formed twin with its re-entrant angle exactly like

the calculated angle of the twin. This is a beautiful little experiment
that anyone can try in a moment for himself, but to understand its full

import and bearing is a deep jjroblem.

Arclmological Mineralogy.—Under the title of " Nephrite and Jadeite,"

Prof. Heiurich Fischer has issued a volume which is the second that he
has devoted to a description of the results of his studies upon these and
other minerals, which in prehistoric times were cut into ornamsnts,
amulets, stone axes, &c. He has thus in a systematic manner ii^itro-

duced the study of mineralogy into archaeology. With the aid of the

microscope and all available scientific resources, he has endeavored H
find the nature of the stones most prized b}" the ancients. His long-,

continued studies show him that for an insufficiently understood reason,

they had a decided preference for green stones, which they brought
from most distant lands. The stones mostly obtained and modelled
were: green limestones, apatite, green quartz and serpentine, mica-

schist, chlorite schists, amazon stone (green feldspar), idocrase epidote,

hornblende, and pyroxyne
; and particularly in Asia and New Zealand,

the very tough and hard nephrite and jadeite. It will never cease to

be a wonder how the ancients so beautifully cut and polished these hard
stones with their poor contrivances, and the archaeologists will be thank-
ful to this eminent mineralogist who has so carefully determined the
mineral nature of so many of their objects of interest, and systematized
a great mass of their i)reviousl3^ uninteresting material.

Other extensive icorJcs.—The fourteenth communication of Mr. W. G.
Hankel on the electric properties of minerals has already appeared.
He has demonstrated that all minerals possess poles and electric prop-

erties of one kind or another, and that the distribution of the electricity
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over the crystals is variable. He has not been able to deduce from his

studies any very complete system, and the results are therefore rather

wearisome in their details.

The optical properties of isomorphous mixtures have been studied by
Wyrouboff, and Mr. C. Dolter has digested all the analyses of the min-

erals of the pyroxene family, and also studied thei r physical characters.

As a result he has given a classification of the varieties of this mineral,

which contains some improvements.

Mr. E. Mallard has issued the first volume of his treatise on geomet-

rical and physical crystallography, accompanied by an atlas of nine

plates. The completed work is to cover the field of mineralogy, and is

of much importance, since no very extensive general treatise on miner-

alogy has appeared in France since the time of Hauy.
Prof. J. Eeinhard Blum, in his old age, has added a fourth supple-

ment to his work upon pseudomorphs. The better part of his life may
be said to have been devoted to this study. His work has become one

of the classics of mineralogy, and has had much influence in geology.

He evidently intends that so long as he lives his work shall be kept

abreast of the times. If he is not longer able to take part in the active

hard work that is being devoted to this subject, his new supi)lement

shows that nothing of importance escapes his attention or overtasks bis

memory.



BOTANY.

Bt Prof. William G. Faelow.

PEOGRESS IN 1879.

During the year 1879 publications on botany have been numerous in

all departments of the science, especially on the subjects of crypto-

gamic botany and vegetable physiology, but the number of works of large

extent and those which the Germans would describe as ei)och-making

is comparatively small. The activity of the botanical world during the

year is shown, however, by the large numbers of papers containing either

tJie results of observations on detailed subjects in vegetable anatomy
and morphology, or in descriptions of new species, both of pha^nogams

and cr^'ptogams. The proi)ortion of valuable papers relating to the

effects of light on plants, to the physiological relations of the different

coloring matters, and to the action of the different forms of ferment is

also to be noticed.

GENERAL.

The Chronological History of Plants, or man's record of his own ex-

istence, illustrated through their names, uses, and companionship, is a

quarto of over 1200 pages by the Idte Charles Pickering. It is an

immense collection of scattered facts about diflerent common and culti-

vated plants, and the press-work is extraordinarilj' well done. Gray's

Botanical Text-Boole, Part I, Structural Botany, now appears as one of

a series of three volumes, of which the second and third volumes are

to be devoted respectively to physiological botany and cryptogamic

botany. The part which has already appeared is modeled on the author's

well-known Structural and Systematic Botany, but with much additional

matter. The first part of Luerssen's Handbuch tier Systematischen Bo-

tanik, intended especially for the use of medical students and apothe-

caries, is devoted to cryptogams, and both text and plates are excellent.

The Handbuch der Botanik, by Schenk, which forms a part of the Ency-

clopccdie der Naturwissenschaften ai)peared in part in 1879, and contained

articles by Hermann Midler on the lielations between Flowers and their

Crossing by means of Insects, and by Drude on Insectivorous Plants.
313
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VEGETABLE ANATOMY AND PHYSIC LOGY.

An imi)ortaiit paper by Pring'sheim on tlie Action of Light and the

Function of Chlorophyl was communicated to the Berlin Academy in

July of this year. The paper is in the nature of a somewhat lengthy

preliminary communication which the writer intends to give in full with

illustrations in his Jahrbiicher. Pringsheim reports the discovery of a

substance, to which he gives the name of Hypoclilorin or Hypochromyl,

which is obtained from chlorophyl-bearing tissues by allowing them to

remain in dilute hydrochloric acid for several hours. The Hypochlorin

then appears in the form of small, viscid drops or masses of semi-fluid

consistency, which ultimately are transformed into long, reddish-brown,

indistinctly crystalline needles. According to Pringsheim, he has proved

that chlorophyl, by its power of regulating plant-respiration in light by

means of its absorption of the most active chemical rays, depresses the

amount of respiration in green plants exposed to the light below the

amount of assimilation, and so makes possible the accumulation of car-

bon-products and the persistence of the plant in the light. Hoppe-Seyler

has discovered a substance to which he gives the name of Chlorophyllan,

which has the form of dark green, velvety-looking plates, which are

curved and often united in rosettes. Gautier, in the Comptes Eendus,

regards the chlorophyllan of Hoppe-Seyler as crystallized chlorophyl

itself, and he claims for himselfthe priority of its discovery. The Helio-

tropic Phenomena of Plants is the title of a monograph by Wiesner, first

presented to the Vienna Academy in 1878, but not generally made public

until the present year.

The Anuales des Sciences contain an article by Bonnier on nectaries,

and a copiously illustrated paper by Vesque, Sur le iSae Embryonnaire,

in which he supports the views of Warming as to the signification of the

embryo-sac, rather than the views of Strasburger. L. Koch, in his mono-

graph of the Development of the Crassulacece, gives a large number of

finely drawn plates of the microscopic structure of species of that order.

The mode of fertilization in Zostera marina has been sttidied b}' Engier,

who criticises unfavorably the views on the subject formerly held by
Hofmeister.

The American Naturalist contains a number of short papers on fertil-

ization, among which may be mentioned: Certain Contrivancesfor Cross-

fertilization in Floivers, by Prof. J. E. Todd ; On the Fertilization ofseveral

species ofLohelia, by William Trelease ; The Fertilization of our native

species of Cliforiq and Centrosema, also by Trelease ; and On the Fertili-

zation of Yucca, by Thomas Meehan, a i^aper read before the Am. Ass.

for the Advanc. Science. In the Botanical Gazette are papers on Tri-

morphism in Lithospermum canescens, by E. F. Smith, and on Sexual differ-

entiation in Epiga;a repens, by L. F. Ward, and a note on the movement
of the stameus of Sabhatia angularis, by the same author. In the Am.
Journ. Science Prof. W. J. Beal describes his Experiments in Cross-breed'
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ing plants of the same variety, his conclusion being that the crossing is

highly favorable.

DISEASES OF PLANTS.

The coffee-leaf disease produced by HemUeia vastatrix is described

and illustrated in an article by E. Abbay in the Journ. Linn. Soc. In

Fungi FomicoU, Von Thuemen gives a summary of the fungi which at-

tack the common fruit trees. A disease attacking seedling beech plants;

supposed to be caused b^^ Fhytophthora Fagi, and the distortions of spru-

ces produced by JSi'ectria cucurhitula are described by Ilartig in the Forst-

wiss. Ceutralblatt. Reinke and Berthold describe the manner in

which potatoes are decomposed by the action of fungi in the proceedings

of the botanical laboratory in Gottingen, and Thomas describes a large

number of galls produced in plants by difterent insects, in the Zeitschrift

fiir die gesammten Naturwissenschaften. A general treatise on Diseases

of cultivated plants lyroduced hy Fungi by Winter has appeared from

the press of Scholze, in Leipsic. The appearance in France of the onion

smut, Urocystis Cepulw, well known in some parts of the United States,

has been recorded by Cornu, and the same botanist published several

communications on the disease of the vine known as anthracose, or, as it

is frequently called, anthrachnose. Pianchon and Cornu do not agree

with regard to the fungus producing the disease in question, the former

thinking the fungus to be Sphaceloma ampelinum Be Bary, and the

latter, Fhoma uvicola Berk, and Curt. Under the title of Ampelomiceti

Italici, Spegazzini has continued his account of the fungi attacking

grapes in the Kivista della viticultura. In Die Foclcen des Weinstockes

Yon Thuemen gives his observatious on Glcosporium ampelophagum, a

fungus which attacks gTax)es.

THALLOPHTTES.

Algcc.—Of papers relating to the algce of the United States but

little can be said. The Bull. Torrey Club contains some new fresh-water

species by Wolle, and the Am. Xaturalist contains a preliminary report

by Farlow on algre collected by Prof. A. S. Packard in the Great Salt

Lake. Nor have works on algte in foreign countries been as numerous

as usual. The second part of Cohn's Kryptogamen Flora von Schlesieu

contains the algoe elaborated by Kirchner, and the Xuovo Giorn. Bot.

Ital. contains a paper by Borzi on the Morphology and Biology of the

Fhycochromacew. Kjellman, in a short paper, illustrated by a chart,

gives an account of the distribution of algoe by regions on the Skager-

Rack. Prof. E. P. Wright has two illustrated papers in the Transac-

tions of the Royal Irish Academy : On the cell structnre of Griffithsia

setacea and on the development of its antheridia and tetraspores, and On

the so-called Siphons and on the development of the tetraspores in Polif'

siphonia. The Trans. Linn. Soc. contains an account, by D. D. Cunning-

ham, of a curious new genus, the single species of which, Mycoidea
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parasitica, grows as a parasite on tlie leaves of the tea plant, tlie mango,

and other plants. Zopf, in a small i^amphlet, has described and figured

the stages of development of Crcnothrix polyspora, a species whicl^

causes pollution of the water at Berlin and other i^laces.

The cause of the motion of OsciUariw and Diatoms has been studied

by T. W. Engelmann, who, in an article in the Botanische Zeituug,

states that it is owing to the iiresence and contraction of a thin external

layer of protoplasm. Stahl found that when desmids are exposed to

the light they undergo certain i)eculiar motions, viz, their long diame-

ters are in the direction of the light, the distal end of the cells beiug

attached to the substratum, and at more or less regular periods the

cells make a half revolution, so that what was the distal end becomes

the forward end. Stahl also has a paper in the Botanisclie Zeituug, in

which he shows that the genus Yaucheria has a resting condition which

is identical with the so-called species of Gongrosira. Eeinke, in Nova
Acta Leoj). Carol., has an illustrated paper on the Cutleriacecc of the Gulr

of Uaples, in which he claims to have seen the union of the antherozoids

and oogonia. In the proceedings of the Mederrhein. Gesellsch. Schmitz

has papers on the Structure o/ the Cells in Siphonocladiew and on the

Formation of tlie Fruit in the Squamariew.

Lichens.—In the department of lichenography very little was pub-

lished in the United States in the present year, the only notable work

being the list of lichens contributed by Professor Tuckerman to the

report of Professor Eothrock, which has already been mentioned. In

Europe, however, a number of descrii)tive papers has been published.

In the Journal Linn. Soc. is an account, by Prof. T. M. Fries, of the lich-

ens collected during the Fnglish Polar Expedition, 1875-'76, in which, in

referring to the list of lichens collected by the Hayes Arctic Expedition

and published in the Proc. Acad. Nat. Sci. of Philadelphia, he doubts

the accuracy of the determinations in the case of some of the species

there mentioned. The Jour. Linn. Soc. also has a paper by Crombie on

Australian lichens, and the same writer has a notice of new British

lichens in Grevillea. Leighton's Lichen-Flora of Great Britain has this

year passed to a third edition. Additions to the lichen flora of Europe
have api)eared in Flora and Hedwigia from Arnold and Nylander. The
last-named writer has also a curious note in Flora entitled Circa Lichenes

vitricolas Isotula. In Cohn's Kryptogamen Flora von Schlesien, the

second part of which appeared in 1879, the descriptive part relating to

lichens was worked up by B. Stein. Inasmuch as Stein himself is a dis-

ciple of Korber, and not a follower of Schweudener, the general intro-

duction on the nature of lichens was intrusted to Schrceter, who is a
Schwendenerite.

During the year the discussion as to the nature of lichens has been
carried on in the different journals, epeciaUy in Flora and Grevillea, and
the articles have mostly been written by botanists opposed to the Schwen-
dener theory. In GreviUea is a pax3er by Ceoke and in the Eevue Mycol-
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ogique one by Roiimeguere, both strongly against the parasitical nature

of the lichens. In Grevillea, Crombie, while in general discrediting

Schweudener's views, is uuAvilling to accei^t Miuks's theory with regard

to microgonidia, which he believes to be merely small particles having

a Brownian motion, as does also Nylander. The most extended work

on the nature of lichens published this year is an illustrated octavo of

about 250 pages by Minks, entitled Das Mierogonidium, in which his

well-known views are given in great detail. In the Am. Jour, of Science

Professor Tuckerman, in discussing the question of the gonidia of lichens,

states thathe has observed microgonidium-like masses in FarmeUa tiUacea

Y.flavlcans, and in the Bibliotheque Universelle Prof. J. Miiller states

that he has seen microgonidia in two other species of Parmelia.

Fungi.—As usual an immense number of new species of fungi has

been described during the year, principally in a large number of small

papers scattered through the different journals. In addition to the

journals, such as Grevillea, Hedwigia, and Michelia, devoted exclusively

to cryptogams, there appeared this year a new journal. Revue Mycolo-

gique, devoted exclusively to fungi. It is a large octavo, and is pub-

lislied quarterly under the editorship of M. Casimir Roumeguere of Tou-

louse.

In the United States several important papers appeared. rThe thirty-

first annual report of the New York State ^Museum of Natural History

contains the report of the botanist, Mr. C. H. Peck, in which is em-

bodied a large amount of mycological matter, inchiding an arrangement

of the 2lijxonnjeeteH of Xew York according to Kostalinski's classification.

A second paper, read before the Albany Institute by Mr. Peck, is on the

United States Species of Lyeoperdon. Besides these papers a number of

new species of American fungi have been described in the Botanical

Gazette by Peck, in Grevillea by Cooke and Ellis, and by Von Thuemen
in the Bull. Torrey Club and Revue Mycologi<pie. A Californian species,

Helvella Californica, is described and figured by W. Philips in the

Trans. Linn. Soc. In the Am. Quart. Micros. Journ. is a paper by F. B.

Hines, Observations on several forms of Saprolegniecc. Several works of

importance have appeared in Europe. The Mycograpliia of Cooke has

been continued, and the first volume brought to completion. Berkeley

and Broome have described new species from Queensland in the Trans.

Linn. Soc. The fourth part of Karsten's Mycologia Fennica has appeared,

including the ITypodcrmii, Phycoynycctes^ and Myxomycetes^ also the Bis-

comycetes of Gillet's Champignons de la France. Oudemans Las pub-

lished several pajoers on fungi of the Netherlands in the Archives Neer-

landaises, and for Scotland one must note the Mycologia Scottica of

J. Stevenson. The Revue Mycologique contains a number of papers by

Roumeguere relating to fungi new to France, as well as some entirely

new species as Rupinia Pyrenaica. Hedwigia contains a number of

notices of Swiss fungi, by Winter, especially of fungi of the order ?7r*»

dinece. Besides papers already enumerated, Cooke has descriptions of
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Britishfungi and a paper on a new geuus, Peniophora, in Gre^illea. The

articles by Von Tbuemen are numerous and scattered in several jour-

nals, and include descriptions of species from Egypt, Siberia, Germany,

and other countries.

The develoj)ment of Acidiu7n ahietinum has been very carefully studied

by De Bary, who connects it with stylosporic and final forms found on

alpine species of Rhododendron. A nearly related form is found in Fin-

land, on Ledum, according to Woronin. In a paper on the Development

of some Uredinefc in the Beitriige zur Biologie, Schroeter gives an ac-

count of the development of a Uredo on Ledum, and a detailed account of

a number of different Pu<iciniai. Cornu has published a number of scat-

tered notes in the Bull. Soc. France, of which may be mentioned in this

connection some Bemarhs on Uredinecc, especially the genus BoesteUa.

HIGHER CRYPTOGAMS AND MUSCINEiE.

In this country the principal work published during the year has been

the continuation of Eaton's Ferns of North America. The same writer

also published in the Bull. Torr. Club a paper on New and little-hwivn

Ferns of the United States, the species mentioned being principally from

Florida. A second illustrated work is Fern Etchings, by John William-

son, which contains illustrations of C8 ferns of the United States. Baker

has described, in the Loudon Journal of Botany, ferns from Borneo, the

Fiji Islands, and the Sulu Archii)elago.

In mosses we have a paper by Lesquereux and James in the Proc.

Am. Acad, of Arts and Sciences, entitled Descriptions of some new species

of North American Mosses, with a note by W. P. Schimper, and three

papers by C. F. Austin, one on Some Neio Musci, in the Botauiciil Gazette,

and Bryological Notes and Notes on Repaticologn, in the Bull. Torr. Club.

In the last article, besides species of the United States, a number of

species were described from the Sandwich Islands. Of foreign writiugs

on mosses and hepatics, we may mention papers by Lindberg on northern

liverworts and mosses, Massalongo's Hepaticologia Veneta in the pro-

ceedings of the Soc. Yeneto-Trentina, and Hampe's Enumeration of some

Brazilian Mosses.

Of developmental papers and those concerned with minute anatomy
in this department of botany the Untersuchungen iiher Lehermoose, by
Leitgeb, deserve esjiecial notice. Of the work just named, parts four

and five appeared in 1879, and treated of the Biccece and Anthoceratece.

The same writer also published a paper on the development of ferns in

the proceedings of the Vienna Academy of Sciences. The sexual gen-

eration of the Marrattiece was describetl and fully illustrated by Jonk-

manu in a pamjihlet published at Utrecht. Bauke, in a study of the

IJrothalli of Platycerium grande, came to the conclusion that the bilateral

form of the prothalli was not owing to any inherent property, but to the

action of gravity. In a short paper in Flora, Bauke also has some re-
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marks on the ijrothallus of Salvinia natans. Goebel, in tlie Botanische

Zeitung, mentions a peculiar formation of shoots on leaves of I.soetes.

In Characece we have to notice the apjiearance of Characecv Americame
in two fasciculi by Dr. T. F. Allen, including Chara gymnopus var. ele-

gans^ A. Br. and C. crinita var. americanu, of which descriptions and

colored plates are given. The proceedings of the Boston Society of

Natural History contain a jjaper by B. D. Halsted on the Classification

and Description of the American Species of (Jkaracecc. The systematic

position of the Characew was discussed by S. H. Vines in a paper in the

Journal of Botany entitled The Pro-embryo of Chara, and he considers

that the order forms an independent group intermediate between the

Carposporem and the Musdnew. »

PH^NOGAMS.

Among the descriptive works on North American plants may be men,

tioned Reports upon the Botanical Collections made in portions of Nevadu,

Colorado, New Mexico, and Arizona during the years 1871-'75, by J. T.

Eothrock. The work forms a part of the reports on the geological sur-

veys west of the 100th meridian made under the charge of Lieut. G. M.

Wheeler, and is a large quarto, with finely executed plates by Sprague.

lu the elaboration of special orders and genera. Professor Eothrock was

assisted by the following gentlemen : S. Watson, George Engelmann,

T. C. Porter, M. S. Bebb, William Boott, George Vasey, D. C. Eaton,

T. P. James, and Edward Tuckermann. The descriptive portion of the

work is preceded by notes on the general character of the vegetation of

Colorado and New Mexico and notes on the economical properties of a

number of species. The botanical contributions of Prof. A. Gray consist

of two papers x)ublished in the Proceedings of the American Academy
of Arts and Sciences; Characters of some new species of Compositw in the

Mexican collection made by C. C. Parry and Edward Palmer, chiefly in

the Province of San Luis Potosi in 1878 ; and Some new North Ameri<mn

genera, species, &c. The new genera are Sulsdorfia, from the Columbia

Eiiver, and Howellia, from Oregon. In the same Proceedings are two

])apers by Mr. Sereno Watson : Revision of the North American Liliaeete

and Descriptio7i of some New Species of North American Plants. In the

last-named paper, which includes the new genus Hollisteria, the species

described are principally from the west coast and from Florida, the

greater part having been collected by Dr. E. Palmer. Besides the

papers above named, there has api)eared a number of shorter papers

and notes in the different journals, among which may be enumerated

Notes on Baptisia, by W. M. Canby, in the Botanical Gazette ; Notes on

Vitis, by Dr. George Engelmann, and Ballast Plafits in New York City, by

Addison Brown, in the Bulletin of the Torrey Club ; Colorado Plants,

by I. C. Martindale, in the American Naturalist; and Catalogue of the

Phmnogamous and vascular Cryptogamous Plants collected in Dakota and
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Montana, by Prof. J. W. Chickering, in the Bulletin U. S. Geol. and Geog.

Survey. The American Journal of Science contains a paper by Prof. C.

S. Sargent on the Forests of Central Nevada, tvith some rcmarls on those of

the adjacent regions, in which the comparative distribntion of trees and

shrubs in the Eocky Mountain, the Nevada, and the Sierra Nevada
regions is discussed, and in the same journal is a paper by Professor

Gray on the Pertinacity and Predominance of Weeds, in which he comes

to the conclusion that " self-fertilization is neither the cause, nor a per-

ceptible cause, of the prepotency ofthe European plants which are weeds
in Xorth America." In addition to the papers above enumerated are

two others by foreign writers, which treat of North American plants
;

one by A. W. Bennett, on Poiygakc Americans, in the Journal of Botany,

and one on the Flora of the Saiiit Croix and Virgin Islands, published in

the Bulletin U. S. National Museum, by Baron H. F. A. Eggers.

Of the verj^ numerous papers on local European floras nothing need

be said at present. The Conspectus Florae Furopccw, by Nyman, of

which the first fasciculus was announced in 1878, has been continued,

and has for its useful object the colhition of tlie floras of the dilferent

European countries. Ot foreign works should be mentioned the second

volume of Hooker's Flora, of British India and the continuation of

Boissier's Flora Orientalis. One of the most sumptuous works which
appeared duriug the year was Aroidew Maximilianm, by Schott and
Peyritsch, containing magnificent colored folio plates of the Aroids col-

lected during the journey of the Emperor Maximilian I to Brazil. The
Archives du Museum contain monographs of the genera Ligustrum, and
Syringa, by Decaisne, and in the Proc. Bot. Soc. of Edinburgh is a

monograph by Bennett of the genus Halophila, which enters into the

microscoi)ic structure of the species. In an elaborate paper, entitled

Methodilc der Speciesheschreihung und Ridms, the writer. Dr. Otto Kuntze,

discusses the variability of the species of that genus, and proposes a new
method ofnomenclature by means of symbols, a i>roposition which has met
with very little favor from systematic botanists. Beccari, in a work issued

in parts under the title of Malesia, has published the results of his travels

in the IMalayan Archipelago, and the same author in the Zeitschrift

Oesterr. Yereins describes a gigantic aroid, Amorphophallus Titanuniy

from Sumatra. In this connection reference should be made to Hooker
and Ball's Marocco and the Great Atlas, which, although not a purely

botanical work, treats largely of the plants of that country. The Flora

Brasiliensis has been continued, and in 1879 there appeared the Gram-
inece, by Doll; Loheliacece, by Kanitz; Plumhaginem and Plantaginea;, by
Schmidt. An important economical as well as botanical contribution is

Todaro's Account of the Cultivation of Cotton in Italy^ followed by a
monograph on the genus Gossypium, a work published at Eome and
consisting of about three hundred pages of text with twelve folio plates.
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TROGRESS m 1880.

GENERAL.

One of the important works published during- theyearis La Phytogra-
pJiie or the art of describing plants considered Irom different points of
\iew, by A. De Caiidolle. Besides the instructive considerations on
nomenclature and descriptions, there is given a listof principalherbaria
and the authentic collections which they contain. We must also mention
the Index perfectus ad Caroli Linnaei species Plantariim, nemi)e earum
primam editionem, by Baron F. von Mueller. A valuable new journal
has appeared during the year, the Botanisches Centralhlatt, edited by Dr.
Oscar Uhlworm, assisted by a number of specialists. It is issued weekly
by Theodor Fischer, Cassel, and has for its obj<'ct the ])resentation of
short reviews and notices of botanical works and society communica-
tions as soon as possible after their publication. The journal also in-

cludes a certain number of original communications. The number of
botanical textbooks which has appeared during theyearis rather large.

We would mention first, Botany for High Schools and Colleges, by Prof.

C. E. Bessey, which forms one of the American Science Series issued by
Henry Holt & Co. The book covers all the departments of botany, and
is copiously illustrated. xVn Historical Sketch of the Science of Botany
in yorth America from 1840-1858, by Frederick Brendel, is finished in
the American Xaturalist for 1880. Of the numerous European text-

books nu'ntiou should be made of N. J. C. Miiller's Handbueh derBofaniJc,
in two ^•olumes; Vamike^H Lehrbuch der aUgemeinen Botanilc ; Behrens's
Method- Lelirlfifefi der alhjem. Botauik, and Wurmiiig's Deii ahnindelige
BotanUc.

VEtJETABLE ANATOMY AND PUYSIOLOtiY.

The structui-e of sieve-cells has been treated in two papers by Jauc-
zewski, and by AVilhelm. The distribution of stomata on the subterran-
ean parts of plants has been studied by Ilohnfeldt, and the Am. Natural-
ist contains a paper by W. K. Higby, on the Microscopic Crystals con-
tained in Plants. On the subject of morphology of special plants, we
may n)ention A. F. W. Schimper's TJw Vegetative Organs of Prosopanche.
The Beitiiige zur Biologic contains a paper by Klein, on the struct-ure

of PingidcKla alpina, an insectivorous plant. In the Proc. Koyal Soc.
is a paper by Vines, on the Chemical Composition of Aleurone-grains.
The aleurone grains in Pceonia are completely soluble in water ; in some
other plants they are not. Aleurone grains are always surrounded by
an insoluble membrane wlych contributes to the formation of the net-
work which remains after the soluble parts have been removed. In a
paper on the Origin of Starch-grains, by Schimper, the writer expresses
views contrary to those formerly advanced by Naegeli, and he describes

8. 3Iis. 31 21
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bodies to which the name of starkehilducr is giveu, from which starch

may be formed as well as from chlorophyl grains.

The germination of WelwitscJiia has been observed by Bower. Dr.

Engelmann, in the Trans. Saint Louis Academy, has some notes on the

Germination of Acorns, and in the Bot. Gazette, on the Vitality of the

seeds of serotinous cones. Prof. Sargent also discusses in the Gazette the

Vitality of the Seeds of Pinus contorta. The Am. Naturalist contains

papers by Professor Bessey, on the supposed Dimorphism of Lithosper-

mum lontjiflorum, and by Professor Todd on the Flowering of Saxifraga

tomentosa. Meehan, in the Proc. Am. Acad, of Philadelphia, calls atten-

tion to the Disarticulacing branches in Ampelopsis.

Two i)apers by Goebel should be mentioned : one on the Morphology

of the Leaf and the other on Dorsiventral Growth, of which a large

number of instances are given. The Arbeiten des Botanischen Insti-

tuts, Wiirzburg, contains a number of imi)ortant i^apers on i)hysiology

:

Sachs on Material and Form of Plant Organs ; Elfving on Some Hori-

zontally growing Rhizomata ; AVortmann on the Relations of the Intra-

molecular to Normal Respiration' in Plants ; and by Francis Darwin on

the Groicth of negative heliotropic Roots in Light and in JJarlmess. The
Influen<;e of the Direction and Strength of the Illumination on some Forms

of Motion in Plants, is the title of a paper by Stahl, in the Bot. Zeituug.

Species of Mesocarpus according to Stahl are esi)ecially instructive, as

in this genus the band of chlorophyl rotates so that by strong illumina-

tion it lies in the direction of the light ; by weak illumination at right

angles to it. Stahl also describes the change of position of chlorophyl

grains in cells depending on variations in the illumination. Schwen-

dener has studied the subject of several -celled scheitels, and tliinks that

although such scheitels exist, they are always comi)osed of fewer cells

than has been generally believed, and in the case of Marratia, he differs

with Russow in only recognizing the existence of four cells.

BACTERIA.

It is only possible to enumerate in this connection comparatively

few works having a botanical bearing, the majority of the papers on
bacteria being more directly concerned with pathological or chemical

questions. The Beitrage zur Biologic contains a paper by Neelsen,

called Studies on Blue Milk, in which the writer gives the results of

careful investigations on the cause of the blue color which is some-

times found in milk. He examined milk which had become blue spon-

taneously, and was able to produce the color in healthy milk by a pro-

cess of inoculation, and ascertain by experiment the conditions which
favored or retarded the production of the blue color. Of external

conditions favoring the production of blue milk the light has no in-

fluence, and the temperature within moderate limits has only a slight

influence. On the other hand, the presence of free oxygen and atmos-
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plieric moisture is essential for its i)roductiou. The coloriug matter of

the bhie milk is not combined with the bacteria which may be present,

but is dissolved in the serum of the milk. A microscopic examination

shows Ifhe presence of small rod-like • bodies, which ultimately form

torula-like chains. According to Keelsen, the cells of the chain, which

he calls gonidia, remain dormant unless placed mi fresh milk, in which

case they germinate. Tommasi-Ciiidelli and Ivlebs have studied the

origin of malarial fever, and conclude that malarial affections which they

induced experimentally were produced by organisms which were in the

ground in malarial districts before the outbreak of the fever, and

whose transmission in the air could be directly observed under definite

conditions of dampness and moisture. The organism which greatly

resembles Bacillus suhtilis has been named B. malaruv. Hansen claims

the priority of having discovered the cause of leprosy to be an organ-

ism named Bacillus lepra.

One of the most important pai)ers published during year is that of

Dr. Hans Buchner, On the experimental production of the Contagium of

Splenic Fever from Bacillus subtilis^ with observations on the introduction

of splenic fever through the organs of respiration. As i.s well known,

BaeiUus subtiUs, a common bacterial form found in decoctions of hay,

can scarcely be distinguislied iiiorpliologically from Bacillus anthracis,

which is supposed to produce splenic fever in dillerent animals. Buch-

ner undertook to ascertain whether, by varying the conditions of growth,

either of these two species miglit not be transformed into the other;

that is, B. antkra<iis might not become harmless when inoculated and

B. suhtilis might not produce splenic fever. He found by cultivation of

B. anthraeis in different solutions, as a solution of Liebig's extract of

meat, that it gradually lost its power of producing splenic fever when

inoculated, and at the end of what he calls 1,500 generations ot the

fungus he saw no difference, pathologically speaking, between the two

species in question. On the other hand, Bacillm subtiUs, whicji had for

a certain length of time been cultivated in defibrinated blood, w^hen in-

jected into different animals produced symptoms of splenic fever.' The

comparative distribution of bacteria in the air has been studied by Mi-

quel, who finds that they are much more numerous in summer than in

winter, and he states further that an increase of the amount of bacteria

is followed in a few days by an increase in the number of deaths from

contagious and epidemic diseases. The communications of Pasteur on

the cholera of fowls, and the etiology of splenic fever, and the means of

prophylaxis, belong rather to the department of pathology than botany.

A paper on the Cause of Blight in Pear Trees was read by Prof. T. J. Bur-

rell before the Am. Assoc. Adv. of Science, in which he attributed the

disease to the presence of a minute bacterial form. To a similar cause

it is also probable that the so-called yellows in peaches is to be attrib-

uted. Dr. George Sternberg, U. S. A., has issued a translation of Mag-

njn's Les Bacteries, to which he has added original notes and plates.
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DISEASES OF PLANTS.

Duriug tlie year numerous notices have appeared in regard to the

spread of the American vine mildew, Perotwspora viticola, to the vine-

yards of Europe, where it is said to be causing great harm, especially in

Italy. The fungus has been found in several parts of France, Switzer-

land, Germany as far east as Austria, and in Italy. Eathay has de-

scribed a deformity of cherry trees i^roduced by Exoascus Wiesneri.

Hartig has published a number of papers on injurious fungi in a j)eri-

odical called Untersuchungen aus dem Forstbotanischen Institute the princi-

pal of which are Rosellinia quercina, which attacks the roots of oaks
j

Phytophthora Fagi, which attacks seedling beeches ; Peziza WiWcommii,

which causes a distortion of the larch 5 and Nectria Cucurbitula, which

attacks the bark of spruces. The coffee-leaf disease, Ilemileia vastatrix,

has been studied by D. Morris, and a preliminary rci)ort on the same
subject has been made by H. M. Ward, who was sent by the British

Government to Ceylon to investigate the subject. Die Blasenrost Pilze

der Coulferen, a monograph of the genus Peridermium, by V^on Thiimen,

contains an account of the aecidial forms attacking Coni/enc, and
includes a number of species found in the United States.

THAXLOPHYTES.

Algw.—New American species of algje have been described in the

Bull. Torrey club by Wolle. In the first annual Kep't. Mass. State Board

of Health, Charity, and Lunacy is a paper by W. G. Farlow on Some Im-

ptirities of BrinJcing- Water, witli two plates, illustrating the common
species which produce the disagreeable odor sometimes found in the

water supplies of Boston.

The most important work on algte which has api)eared during the

year is Florideernes MorpJiologi by Agardh. This is a large quarto with

33 colored plates, and was originally presented at the Swedish Eoyal

Academy of Science in ^877, and bears the dat« of publication 1S7D, but

was not received in this country until 1880. The work is in Swedish,

and embodies the author's views with regard to the structure of the

frond and fruit of the red-seaweeds. The text has been translated into

a Latin form, and under the title of Morphologia Floridearum has been

issued as an octavo with plates forming part iii of the third voluuie of

the Species Genera et Ordines Algarum. Areschoug, in the But. iS^otiser,

founds a new genus Oxygloamim on Laminaria japonica, a si)ecies for-

merly included in L. saccharina. Kjellman, in Bot. Tidsk, gives an ac-

count of Icelandic algne, and remarks that the alga flora of Iceland more

closely resembles that of jSTorthern Scandinavia than that of Spitzber-

gen and Greenland. Kuntze, in Engler's Jahrbiicher, and also in Nature,

gives some observations on the distribution of the gulf-weed, and ex-

presses doubts as to the existence of a genuine sargasso-sea, as de-

scribed by Huuiboldi and others. He also gives a revision of the ge-
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nus Sargass7im, in which he very much reduces the number of accepted

species of that genus. In the Journ. Linn. Soc. Dickie h as some JSfotes

on Algw from the Amazon and its tributaries. For Central Europe we
have to mention the Contributions to the AJija-flora, of Wilrtemberg, by
Kirchuer. Woronin, in the Botanische Zeitung, describes a new Vau-

cheria, V. De Baryana., and a curious algoid ])arasite, Chroniophyton Bos-

anoffii, found in sliallow pools in Fiidand.

In the Mitth. aus der Zoolog. Station of Naples is a paper by Berthold,

Zur Kenntniss der Siphoneeu und BangiaeeeUj in which he describes the fer-

tilization in Bangia, and the same writer also describes the Sexual Be-

yroductloii in Dasgcladus clarcvformis. Schmitz describes the formation

of sporangia in the genus Ralimeda. In Hedwigia P. Kichter gives his

views on the transformations which the genius Gloeocystis undergoes.

IJorzi has discovered antherozoids in Uildenbrandtia^ which indicate its

aflinities with the Squamariew. Ambroun notices some Gases of Bilater-

ality in Florideae in the Bot. Zeitung. Gre\illea contains an account by
]\I. (J. Cooke of Desmids iound in Great Britain since the publication of

Ralfs's Desmidiacew.

Lichens.—But very little has appeared in this department. Several

short articles were published in Flora, among which were Addenda nova

ad Uchcnographiam enropeam ; Lichenes nonnnlU instilw St. Thomw, by
Nylander 5 the continuation of Arnold's i)apers on Tyrolese lichens and

Lichenological Contributions hy J. Miiller. A monograph of the Scandina-

vian Arthoni(c has been published by Almquist, and descriptions of spe-

cies from Australia and the Argentine Republic have been published by

Krem])elhuber. Ai)aper was read by George Murray before the Linnean

Society, in which he suggested that in the gonida of lichens we have

what might be called a chlorophyl-screen by means of which the liyphae

are able to decompose carbonic acid. In Cohn's Beitrage zur Biologie

is an interesting paper by Dr. Frank Scliwarz, called Chemisch-botanische

Studicn iiber die in den Flechten vorlommcnden Flechtensailren, in which

he not only discusses the different acids, as chrysophanic, lecanoric,

erythrinic and evernic acids, in relation to their chemical composi-

tion, l>ut also from an histological study of the thalli of different lich-

ens has attempted to ascertain exactly where the acids are found in the

thallus.

Fungi.—On fungi relating to the United States several ijapers have

been published. In the Bull. Torrey club is a description of a new fun-

gus, Simblinn ruhescens., by W. R. Gerard, with two plates. This curious

fungus belongs to the FhaUoidei, and at the end of the paper mentioned

Gerard gives a list of the species oi FhaUoidei found in the United States.

The same writer has also two 'Other papers in the Bulletin on Additions

to the U. S. FhaUoidei, and Correlation between the Odor of the Fhalloids

and their Belative Frequency. In the same journal is a paper by Peck on

Polyporus volvatus and its varieties, in which he founds a new genus

Cryptoporus on this species, and an article by J. B. Ellis on a New Sphae-
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ria on Grapes, Spliaeria BidweUii, which he regards as the ascigerous con-

dition of Fhoma uvicola B. and C. In the Bot Gazette are Notes on

Fungi, by M. E. Banning, and North American Species of 8eptoria, by Von
Thuemen ; a Catalogue of the Pacific Coast Fungi, by H. W, Harkness and

J. P. Moore, including a hirge number of species, was read before the

California Academy of Sciences and afterwards issued in an octavo form.

Grevillea contains papers on California fungi, by Cooke and Harkness,

and on 2^ew York fungi, by Cooke.

The fungi of the herbarium of the late M'lle Libert have been the sub-

ject of papers in Grevillea by Cooke, Reliquae Libertiance, and by liou-

meguere and Spegazzini in the Revue Mycologique, Eevisio Reliquiw

Libertiance, and specimens have been distributed also by Von Thiiemen

in Mycotheca Universalis. Cooke has a number of papers in Grevillea
j

Observations on Peziza; on Hymenochaete and its allies; descriptions of

British and Indian fungi; and South African and Australian fungi by
Kalchbrenner and Cooke. Hedwigia has a number of notices of Swiss

fungi, especially Uredinece, by Winter, and new fungi trom the Jura and

the Vosges are described iu Grevillea by Quelet. Additions to the

mycological flora of Finland have been made by Karsten, and to the

Italian flora by Saccardo, Spegazzini, and Passerini in Michelia, and

the Atti Soc. Critt. Ital. The IJevue Mycologique contains descriptions

of new fungi by Roumeguere, Von Thiimen, Passerini, Spegazzini, and

others.

Developmental works on fungi have not been numerous. Hartig has

connected Calyptospora Goeppertiana Kiihn with ^Fcidium cohimnare A.

and S. by means of experimental cultures. Rathay experimented on the

connection between ditferent species of Gymnosporangium and Roestelia,

and differs from Oersted in believing that li. peniciUata is the aecidial

form of G. Juniperinum, and not of G. clavariceforme. The develoi)ment

of the spores in Urocystis colchici has been observed by Prilleux, who
has a paper on the subject in the Annales des Sciences. In the Beit-

rage Zur Biologic is a paper by Eidam, Beitrag Zur Kenntniss der Gym-
noasceen, in which he gives the development of Ctenomyces serratns and
GymnoasGus uncinatus. Fischer, in the Botauische Zeitung, has shown
that the enigmatical round and spiny bodies found in Saprolegnia spe-

cies are not organs of the Saprolegnia, but parasites, apparently related

to Chytridiiun. Reinke has studied the chemical composition of the Plas-

modium ofAethalium septicum,t\ie i)rincipal constituent of which he finds

to be plastin, which he has studied in detail.

AECHEGONIATA.

In the United States, the principal ijublication has been the Ferns of
North America,hj Professor Eaton, which reached completion this year,

including in aU 181 plates and accompanying descriptions. Besides

this principal work there is a paper in the Bull. Torrey Club, on New or
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little known Ferns of the United States, by the same writer ; who has also

issued a Systematic Fern-List of the species of this country. In the Bull.

Torr, Club are two i^apers by G. E. Davenport, on a new species, Notlio-

Icena Grayi, from Arizona, and on Vernation in Botrycliium horeale, and

a paper on Ferns of the Cumherland, by John Williamson. The occur-

rence of the rare Schiscea pusilla in Js"ova Scotia is recorded bj' Pro-

fessor Gray in the Bot. Gazette. In the same journal are notes by Pro-

fessor Gray and E. J. Loomis on an automatic movement of the frond

of As'plenium Trichomanes.

Baker describes some new ferns, collected by Beccari in Sumatra,

and a collection from Madagascar by Laiigley Kitcbing in the Journal

of Botany, where the same writer has also published a >^yno2)sis of the

Species of Isoetes. In the Trans. Linn. Soc. is a Kevieic of the Ferns of

Northern India, by C. B. Clarke.

In the department of mosses and hepatics there has appeared in tlie

United States a Catalogue of North American Mosses, by E. A. liau and

A. B. Hervey, and Bryological Notes and Criticisms, by C. F. Austin, in

the Bull. Torrey Club. An im])ortant work is Sphagnacew of Europe

and North America, by R. Braithwaite, and the British Moss-Flora, part 2,

includin.u' the Buxbaumiacece and Georgiacea', by the same author. The

Anuales des Sciences contain a paper by Beschcrelle, entitled Flornle

Bryologiqne de la Reunion, which also includes mosses from other neigh-

boring islands. Lindberg has published notes on Scaudinavian mosses

an<l C. IVIiiller a Prodromns Bryologiw Argentina', the last named
paper being a continuation in the licvue Biyologique. In Grevillea

and in the Trans, of Bot. Soc. of Edinburgh are notes on British Hepaticce

by Carriugton. The Jungermanniacece have been studied by Gottsche

who has i)ublished new observations on the Geocalycew and Stephani

has published a pajx'r on the Jungermanniacece of Germany with illus-

trations.

Treating of Characea' we have to notice the appearan(;e of two num-

bers of tlie Characecc of America, by Dr. T. F. Allen, in which three

species of Nitella and three of Chara are described and figured. Dr.

Allen has also an article in the Bull. Torr. Club on the Similarity between

the Characecc of America and Asia in which he calls special attention to

Nitella imlyglochin A. Br. and Chara Hydropitys Reichenb. A Review of

the British Gharacece, by Henry and James Groves, is given in the

Journal of Botany.

On the general development of the higher cryi>togams is to be men-

tioned Die Gefasshryptogamen by Sadebeck, in the Encyklopaedie der

Naturwissenschaften and Goebel's Fmhryologie der Archegoniaten in

Arbeiten Bot. Instituts in Wurzburg. Leitgeb has published several

important papers on Marchantiacece, especially with reference to their

intlorescence and stomata in the proceedings of the Vienna Academy.
Cramer has an illustrated paper on the Non-sexual increase of the Fern-
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2)rothallus, in which he figures some curious forms of buds and what he

calls conidia, and in Kosmos is an article by Dodel-Port on the peculiar

forms which fern-proth alii assume when grown under water.

PH^NOGAMS.

The most important work published during the year in the United

States is the second and final volume of the Flora of California, by
Sereuo Watson. The work was imblished under the auspices of the

Geological Survey of California, aided by priv^ate subscriptions. In the

work Mr. Watson was aided by Dr. Engelmanu, who elaborated the oaks,

pines, and Loranthacece ; by M. S. Bebb on the willows ; William Boot

on Cariccs ; Dr. George Thiu'ber on the grasses ; and Professor Eaton

on the higher cryptogams. The work ends with the mosses, the lower

cryptogams being entirely omitted. The appendix contains a glossary

and a List of Persons icho have made botanical collections in California^

by Prof. W. H. Brewer. The botanical contributions of Professor Gray

in the Proc. xVm. Acad. Arts and Sciences coinin'isa Notes o)i some Composi-

tee, which form a sort of prodromus of that order in the Synoptical Flora

;

Some Species of Asclepias ; A New Genus of Gentianacew, Geniostemon

including two Mexican species ; and Misccllancw of the North American

Flora, including the new genus Beverchonia. The Vegetation of the Rocky

Mountain Region, by Professor Gray and Sir J. D. Ilooker, published in

the Bull. U. S. Geol. and Geog. Survey, although bearing the date 1880,

was not in reality made generally public until 1881. The Trans. St.

Louis Academy contain a Revision of the genus Pimis and Description of

Finus Elliottii, by Dr. Engelmaun, with three folio plates by lioetter.

In the Botanical Gazette are several notices by Professor Gray, of which

may be mentioned an account of the genus Leavenworthia, of which

four species are described. In the same journal Engelmann describes

a new species of Catalpa, C. speciosa; Mr. T. Morong describes some

new species of Potamogeton, and Professor Porter a new species, Haben-

aria Garberi. Bailey gives an account of Michigan Lalce Shore Plants

;

I. 0. JVIartiudale, under the title of Germination and Growth of Parasitic

Plants, relates his experience with Orobanche minor. The same botanist

gives an account of the so-called Bartrani OaJc, in which he concludes

that Quercus heterophylla Mchx. is a distinct species. J. Donnell Smith

has in Bull. Torr. Club a note on Wolffia gladiata var. Floridana, in

which he includes some remarks by Ilegelmaier on that species. Prof.

0. S. Sargent has issued a Catalogue of the Forest Trees ofNorth America

in connection with the work of the Census Bureau.

Of foreign works may be mentioned Elmes's Monograph of the genus

Lilium, a folio with 78 colored plates, and J. G. Baker's Synopsis of

Aloinece and Yuccoidew in the Journ. Linn. Soc. Several additions have

been made during the year to works on local floras which had apj)eared

in part in previous years. The Flora of British India, by Hooker, has
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been continued in part seven to the Bidnacecv ; the Biologia centralu

americam, the botanical part of wbicli is by Hemsley, contains the

orders from i^osaccu' to ioasacac; the Flora Brasiliensts, fuse. / 6 con-

taining- Lemnacccv by Hegelmaier, and Aracea'by Engler, was pubbshed

this year, although the last-named order had been in press for some

time Fournier's Mexicanarum plantarum enumeratio is devoted to the

grasses, and the same writer has a paper on the geographical distribu-

tion of Mexican grasses in the Ann. Sci. Nat., in which he remarks that

of the 643 species in Mexico 371 are peculiar to that country. Adansoma

contains a number of papers by Baillon on the development of the flow-

ers in Berheridaccm, ISdaglnacece, and Stylidiacew. Concerning onental

plants, we have to mention RegePs Description of Plants from Central

^6-m, cultivated in the Botanic Garden at St. Petersburg-, Diagnoses

plantarum novarum asiaticarum, by Maximowicx, m the Bull. Acad.

Imp of St. Petersburg; Spicilegia Florm Sinensis, by Hance, in Journ.

Linn Soc. A succinct account of the Japanese flora is to be found in

Eeiii's work entitled Japan, and a short notice of Madagascar plants

is given by Baker in Nature. The grasses of New Zealand are described

by Buchanan in a Manual of indigenous grasses of New Zeala^id.. The

Fragnienta PhytograpMw Australiw of Baron F. von Mueller has been

continued in two parts, and the same wdter has issued a fifth decade

of Euealyptograjphia, a descriptive atlas of the species ot Lucalyptus of

Australia and the adjacent islands. In the Gardener's Chronicle is a

paper on Cinchonas, and a controversy on the subject of species of Cm-

clwna has been cariied on in the Bot. Zeitung by Kuntze and Karstm.

There appeared in 1880 the first volume of BotanischeJahrhicherfur

Systematic, PflanzenqescMchte, inid Pflanzengeographie, edited by Eugler

and issued by Englemann, of Leipzig. The first volume contains a large

number of interesting papers relating to phsenogams, amongst which

m-iy be enumerated: Bece-^ri^s PJIanzengeograpkie des Malaytsclien Arclii-

pels- Focke's Natiirliche Gliedernng und die geographiscJie Verhreitung der

Gattung Bubus-, Buchenau's VerbreUung dsr Juncaceen ilberdieErde;

En«' lei's Beitrdge zur Kenntmss der Arace(B and Verbreitung der Gattung

Elms- and Lange's Studien iiber Gronlands Flora. In connection with

the distribution of species should be noticed Quelques observations sur la

Flore Alpine d^urope, by Bonnier, in which he compares the notes made

bv him on plants collected in the Carpathian Mountains, the Austnan

Alps and the Tyrolese Alps, and concludes that the constitution of the

soil has little to do with the distribution of species, which depends, aa

De CandoUe maintained, on the sums of the temperatures.





ZOOLOGY.

By Theodore Gill.

GENERAL ZOOLOGY.

FEATURES OF FKOGKESS.

The progress of Zoology in the bioTinial period just past has sliown

the usual features exhibited during the preseut decade. The doctrine

of evolution is now not only recognized by all scientific workers in biol-

ogy, but it is postulated as the starting-i)oint for investigations into the

aifinities of various tyi)es, and tlie efforts of biologists are in a great

measure directed to the ascertainment of the philogeny and derivation

of the various types. This has been exeiuplitied during thei)asttwo

years in attempts at tracing the genealogy of the niamiuals, the cephal-

opods, and the acalephs, as well as various groups of tlu^ branches and
classes of the animal kingdom ; as, for exaui])le, the cajni\"orous 7nam-

mals, the ungulates, various worms, &c.

Perhaps the most jirominent feature of the period sur\eyed has been

the discovery of luimerous deep-sea typos, mostly resulting from the

voyage of the English shi]) Challenger, but in part also the fruits of

dredging of minor expeditions and surveys ;
for example, the survey

of the Caribbean Sea and Gulf of Mexi(50, under the auspices of the

United States Coast Survej' ; the explorations of the United States Com-
mis.sion of Fish and Fisheries, and the Norwegian expedition to the

Arctic Seas in 187G to 1878. These several expeditions and surveys

have been fruitful in the fiiuling and revelation of many remarlcable

forms. So rich have been the results that, as we shall hereafter see,

about 2,000 species of a peculiar group—the Phrcodaria—have been

made known by a single naturalist, mostly from the collections of the

Challenger expedition. Our knowledge of the fishes of the deep sea

has also been greatly increased.

An especially noteworthy feature in the taxonomy of 187'.) and 1880

has been the establishment of a number of "orders" in various groups

of the animal kingdom. In view of the disparity iu value of these

groups, in the several dei)artments of zoology, it seems fitting to utter

a few words of caution and explaaation in this place. What is an

order? and what shall be the limits to tlie range of variation of the

forms included under such designation ' are (pu'stious that must nat-

331
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urally suggest themselves aud be answered. In the first place, of

course, orders, like every aggregation of animals and plants, must to

a large extent be arbitrary, and their relations have to be determined

by a certain standard, from which greater or less deviation must be

made in individual cases, according to circumstances. The standard,

however, as will be admitted by i)robably every rational zoologist,

should be a type that from its nature and relations may be readily com-

prehensible and appreciated by the greatest number, and in regard to

which there is general concurrence. Undoubtedly it is in the class of

mammals that we find such requisites present in the greatest degree.

Accei^tiug Linnaeus as the originator, pro tanto, of the idea connected

with the name order, we naturally look to his exposition of the mammal
group^s. We find that though there have been great deviations from

his applications since his day, the fundamental idea of the group, as it

exists in nature, has been accepted, and the efforts of subsequent zool-

ogists have been chiefly in the direction of refinement and definition.

There is now a general concurrence as to the orders recognizable in the

class of mammals, although some little difference as to details still pre-

vails. Taking the uiost comi)reheDsive ones, we have the Primates,

Carnivores, Ungulates, Cetaceans, Sirenians, Chiropters, Insectivores,

Eodents, and Marsupials. Now, inasmuch as several of these have
been subdivided, let it be assumed that no groups between which exist

greater morphological differences than those which differentiate the

orders, with their maximum limits, from those nearest of kin, shall be

regarded as less than orders ; and, on the other hand, that we shall not

distinguish as orders such groups as have at least less differences than

those se})arating, for example, the Anthropoid and Lemuroid Primates,

the Fissiped and Pinniped Carnivores, and the Perissodactyle and Arti-

odactyle Ungulates. From this startiug-point it will be in j)lace to ex-

amine a couple of systematic attempts published during the i^ast year.

One has been a new revision of the class of Birds ; another, a reiterated

classification of the Fishes.

In all nature, among the major aggregates of s])ecies, there is not a

more natural and homogeneous group than that which naturalists unan-

imously have agreed to consider as a class under the name of Birds.

So like are all the living representatives of this group in all essential

details of their morphology, that between the extremes there certainly

exist less differences than those which separate the cetaceous from any
other order, and i)erhaps less even than those which separate the Anthro-

poid and Lemuroid Primates, or the Fissiped and Pinniped Carnivores.

Nevertheless, the last reviser of the class has admitted no less than

26 orders. If the proposition that the order of Mammals is a proper

standard be accepted, there can be no question but that differentiation

in the class of Birds has been carried to a most unscientific extreme.

The opposite extreme has been displayed in the treatment of the

classification of Fishes, in part at least, but at the same time a like
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extreme in excessive differeutiation. Dr. Giiutlier has published an
" Introduction to the Study of Fishes," in which he recognizes as orders

certain artiticial groups of Teleosts current for a long time; that is,

the Acanthopterygii, Acanthopterygii Pharyngognathi, Anacanthini,

Physostomi, &c.

The chaiacters nsed to differentiate these "orders*' fail ui certain

representatives referred to each group, and are of really little more

systematic importance in several cases than those used to distiuguish

the "orders" of Birds. Nevertheless, to each of the "orders" in

question are assigned forms which do really differ in important ana-

tomical details, and which have far less relation to the types with which

they are confoundetl than do the types of the so-called orders exhibit

among titemsdccs. We have, consequently, evils here, not only of undue
valuation, but also radical defects in appreciation of relationships.

But the same author applies a standard as different as possible to the

classihcation of the generalized types of Fishes; conuniiting, at the

same time, the great mistake of calling those generalized types the

highest. All the typical Ganoids, as well as the Polypteroids, and

Dipnoans are confused together in one heterogeneous order; all the

Chimieroids, and all the Sharks and Kays, are thrown together in a

second. There can be no question but that representatives of each of

these last two so-called " orders" exhibit far greater diversities in their

structure, inter se, than do any of the orders of existing mammals.

It is difficult to believe that any consideration could have been given to

the principles of taxonomy, or that thought could have been actively

involved in such schemes as the last one noticed.

As to the new orders recently proposed, and to be noticed hereafter, it

is probable that the value of the several groups endowed with such rank

will be (piestioned l)y the majority of naturalists, and that the types so

distiuguished will ultimately be degraded in rank.

The language of the original from which the abstract is compiled is

followed as closely as the case will permit, as the advantages of such a

course must be obvious to all on a little retlection. It has however

been generally found to be necessary to limit the abstract to the illus-

tration of the prominent idea underlying the original memoir, and pass

by the proofs and collateral arguments. At the same time it has been

often attempted to bring the new discovery into relation with the pre-

vions status of information respecting the group under consideration.

As to the special discoveries recorded, they have been generally selected

(1) on account of the modifications the forms considered force on the

system; or (2) for the reason that they are or have been deemed to be

of high taxonomic importance; or (o) because the animals _per se are of

general interest; or, finally (4), because they are of special interest to

the xVmerican naturalist. Of course, zoologists cultivating limited fields

of research will find in omissions cause for censure, and may urge that

discoveries of inferior importance have been noticed to the exclusion of
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those better entitled to it. It is freely admitted tliat this charge may-

even be justly made; but the limits assigned to the record have been

exceeded, and the recorder has studied the needs of the many rather

than of the few. The summary is intended, not for the advanced scientific

student, but for those who entertain a general interCvSt in zoology or

some of the better-known classes.

The compilation of this record has been greatly facilitated by the

•'Zoologischer Anzeiger" of Professor Cams and the very useful synop-

ses published in the Journal of the Royal Microscopiiial Society of London.

The value of both of the records thus referred to is, however, very greatly

reduced by the absence of an index to names of authors cited in the

first, and to the neglect to give a reference to the exact title and place of

publication of the original paper in connection with the abstract in the

latter case. The consequence is that very much valuable time must be

lost to confirm and find references.

ANAL RESPIRATION IN ANIMALS.

Mr. M. M. Hartog, iu connection with observations on tlie anal respi-

ration of Cyclo2)s, as well as Ganihocamptus of the Harijacticidas and
JDiaptomus of the CalanidaB, has enumerated the forms of Invertebrates

in which anal respiration is manifested.* These belong to the following

classes and major groups:

Vermes :

Botifcra.

Gephyrea.

Oligoclurta-Limicola.

ECHINODERMATA :

Eolothuroidea.

Arthropoda :

Grustcwea (generally).

Insecta (aquatic larvae generally).

MOLLUSCA

:

Dentalium.

PHOSPHORESCENCE IN ANIMALS.

Mons. Jousset de Bellesme has continued his researches upon the phos-

phorescence of animals by a special investigation of that of the glow-

worm. t He concludes that the phosphorescent substance is probably a
gaseous product, for the structure of the gland does not give us the idea
of an organ with a liquid secretion. The chemical products which are

* Hartog (M. M.). On the Anal Respiration of the Copepoda. Quart. Jour. Micr.
Science, vol. xx, pp. 244, 245.

tJousaet de Bellesme. Experimental Researches in the Phosphoresence of the Glow-
worm. Ann. Mag. Nat. Hist. (5,) vol. v, pp. 345-347. (Translated from the CompteJ}

Jtendu8; vol. xc.) Printed in full in the Journ. Anat. et Phys., vol. xvi, pp. 121-169.
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phosplioresceut at ordinary temperatures are uot numerous, and the one

which chiefly occurs is jihosphui-eted hydrogen. This, M. Jousset de

Bellesmeis led to believe, is the case in the glowworm, and he is influ-

enced in his opinion by the extreme resemblance observable between the

phosphorescence of substances in decomposition which is due to the

evolution of phosphureted hydrogen and that of luminous animals. They
present, he thinks, the same physical characteristics, the same affinity

for oxygen, the only difference being that the cadaveric i)hosphorescence

is continuous, while the phosphorescence of animals is intermittent.

But the latter is due to the fact that the cellular decomposition which

sets free the luminous product takes place in animals of high organiza-

tion only under excitation of the nervous system, and in the lower ani-

mals {e. ().
—Noctiluca') only by means of ext^irnal excitants.

The author has been led by his investigations to regard phosphores

cence as a general property of protoplasm consisting in the evolution of

phosphureted hydrogen.

This view readily explains why many of the lower animals, although

destitute of a nervous system, are phosphorescent, and has the addi-

tional advantage of connecting the phenomena of phosphorescence

observable in living animals with those exhibited in organic matters in

course of decomposition. It is, he concludes, another exami)le of a

biological phenomenon very closely related to an exclusively chemical

cause.

LIGHT AND ITS EFFECTS ON ANIMALS.

It may be recalled that some years ago General Pleasonton recorded

some startling ideas with respect to the influence of blue light. As
the obser\'ations were evidently made in a very crude fashion, little

attention was paid to them. The subject of the influence of different

colored rays has been ma^^le the subject during the past year of special

investigation by Moleschott and Fubiui.* The eggs of a frog and toad

were placed in vessels and covered with glasses or fluids of diiferent

colors. "At first the developmental i)rocesses did not differ among
the different ova, or from those which were exjiosed to ordinary day-

light." ^Vhen rotation commenced, however, it was found that the eggs

exposed to red light rotated most rapidly, whUe great torjjor was
exhibited by those under the blue glass ; the rest, exposed to yellow or

green light, did not differ at all from those developed under uncolored

glass. " The most greedy w^ere those under the blue glass. When
brought from their artificial influence, its effects gradually passed off.

When changed from one color to another, the activity displayed became
gradually more or less." In investigating the action of different kinds

* Moleschott aud Fubiui. Jour. Hoy. Alicr. Soc, vol. ii, pp. 138, 273, and vol. iii, p.

409. Also, E. Yimg, on the influence of colored light on the development of animals.

Comptes Bendiis Acad. Sci. Paris, vol. xci, pp. 440, 441.
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of colored light on the excretion of carbonic acid, the following results

were obtained

:

Uninjured frog
Uninjured bird
Uninjured rat

.

Blind mammal

Dark-
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were found to be ineffectual in advanced cases ; but if only sliglit degen-

eration of the tissues had taken place, food judiciously supplied coun-

teracted the effects of previous privation. As soon, however, as exten-

sive degeneration had taken place no care was sufficient to recuperate

the patient.
EHIZOPODS.

A NEW "class" of EHIZOPODS.*

As long ago as 1859, Professor Haeckel had known several peculiar

forms of Rhizopods, which he subsequently described in a monograph

of the Radiolaria as representatives of three distinct families. In 1879

Hertwigdiflferentiated these forms, with others subsequently made known,

as an order of Radiolaria, under the name " TripylejT^." A large number

of forms belonging to the group were obtained by the Challenger expe-

dition, and have been subjected to a critical study by Haeckel, and, as

Murray first showed, " a striking character of all these Rhizopods is the

constant presence of large dark-brown pigmented granules, scattere<^l

irregularly round the central-capsule, and covering the greater part of

its outer surface." This extra capsular mass is called by Haeckel the

" ph^odium " (dark brown or dusky). " The phaiodella, large brown

granules of the ' phaiodium,' are not, as Murray supposed, true pigment

cells, as a true cell nucleus can not be observed in them ;
and the nature

of the peculiar pigment of these pseudo-cells is not precisely known

;

but the quantity and constancy with which the ' phaiodium '
appears in

all ' Phaiodaria,' while it is wanting in all the typical Radiolaria, gives

the Phaiodaria a high degree of systematic importance." On account of

this " constant presence of the phaiodium, and the peculiarly constructed

membrane of the central-capsule," the type thereby differentiated is iso-

lated and a distinct " class" constituted for it. The species generally

attain considerable size, in comparison with other Radiolaria, and are

even visible to the naked eye. Many are a half millimeter or more in

diameter. " The conspicuous central capsule is usually round or sphe-

roidal: it is, however, often egg-shaped or somewhat oval. In many

cases it is monaxial ; in others dipleuric. Its membrane is very firm

and always double, the outer layer very thick, the inner thin. The

opening through which the pseudopodia appear has the very peculiar

structure accurately described by R. Hertwig. Many Phjemlaria have

only one such opening {MonopylecK), others have two at the opposite

poles of the central-capsule {AmphipijUcc),^ and still others more. The

siliceous skeleton is extra capsular. Although the principal forms of

this group have analogues among the typical Radiolara, they are usu-

ally readily distinguished from them. Haeckel has proposed ten " fam-

ilies," and these have been segregated by him under four "orders,"

distinguished severally by characteristics of the skeleton, or the absence

of a skeleton. He has found among the forms examined by him what

he calls more than 2,000 new species
!

* A new class of Ehizopoda. Nature, vol. xxi, pp. 449-451, March 11, 1880

S. Mis. 31 22
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HYDEOZOA OE ACALEPHS.

WATER IN MEDUSA.

Some time ago it was stated by Professor Mobius that in a specimen
of Aurelia aurita, from the Bay of Kiel, it had been ascertained that
there was 99.82 per cent, of water, and consequently the solid matter
could only have formed a small fraction of 1 per cent. This statement
was so remarkable that, before acceptance, it required verification, and
Dr. Krukeuberg has recently examined specimens of the class, with the
object of verifying or disproving the allegation.*
Specimens of Aurelia found at Triest were examined, and it was found

that the water formed only from 95.84 to 95.79 per cent, of the total
the solid existing in the ratio of from 4.21 to 4.66 per cent. Chrysaom
hyoscella afforded 95.75 per cent, to 96.3 per cent, of water, and there
was from 3.7 to 4.25 of solid substances. A large specimen ofRhhostoma
Guvieri was found to contain 95.392 per cent, of water, and consequently
nearly 5 of solid matter, of which there were 1.608 per cent, of organic
and 3 per cent, of inorganic substances. It was concluded that proba-
bly the MedussB generally exhibit a close approximation to these results,
and that in none is there so small a percentage of solid matter to be
found as in the case instanced by Mobius.

EXTRA-MARINE MEDUSA.

There is, perhaps, no type of animals that has been generally regarded
as being so eminently characteristic of the open sea as the Medusa?. While
representatives of the class exhibiting the hydriform condition have of
course been long well known as inhabitants of fresh waters, until recently
none of the medusiform groups have been specially noticed as havin-
been found elsewhere than in the sea. It has been said of them that
they dread nothing more than fresh water, and that such water is really
poison to them; that even brackish water kills them immediately; and,
further, that they need a water rich in oxygen and constantly renewed
by movements of the waves and currents. " The Medusw, in fact, have
almost an equal dread of fresh water, of stagnant sea-water, and of a
slightly too high temperature." Several cases, however, have been
recorded within the last two years which must materially modify the
accepted beliefs with regard to their habitat.

PRESH-WATER MEDUSA.

Mr. Agassiz has shown f that the idea respecting the exclusive con-
finement of Medusai to perfectly salt and clean sea water is exaggerated
He records that in an estuary back of Boston harbor, at West^Boston

* C. F. W. Krukenberg. On the distribution of the water of the organic, and inor-
ganic coraponnds in the body of Invertebrates. Ve^-gl.-Fhysiol. Stud. KiisL Adria. I,
part 11, pp. 78-106. {J. R. M. S.)

'

t Agassiz (Alexander). As quoted in Journ. R. Micr. Soc, vol. iii, p. 968.
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bridge (about one mile from the bead of tbe barbor), and "\;\'bere tbe

water, at tbe last part of tbe tide, is almost fresb and bas a very sligbt

salt taste, tbere is an abundance of Hydroids, wbicb "tbrive remarka-

bly well on tbe drainage of the district, and grow to an unusually large

size." The species which have free medusiE are Eucope diaphana, E.

pyriformis, and Obelia cormmssnralis, and these are twice during 24 hours

of the day exposed alternately to salt and nearly fresb water, and tbrive

under the change, both in their hydriform and medusiform conditions.

Other medusfe found near tbe same place, and which, at low tide, were

in fresb water, were species of Sarsice, Piaropsis, and Aurelia, and these

seemed unaffected by the large quantity of fresh water in which they

were found.

NEW PALUDICOLOUS MEDUSA.*

In 187G, Dr. Du Plessis discovered "in the middle of the discbarg

iug canal of tbe salt-works of Villeroy, near Cette," a Medusa which

inhabits in the summer the stream thereof and tbe near-lying waters.

The canal is about two or three yards broad and one deep. "The soil

is a black putrid mud , stinking of sulpbureted hydrogen," and tbe M'ater

is perfectly stagnant, very brackish, and exposed all day long to tbe full

rays of tbe sun. "The Medusa always inhabits the lower surface of

islets of floating algae. On removing these it is seen clinging like a

flake of jell3% shining like crystal." They only occur in June and July,

and were looked for in vain in spring as well as in September and Octo-

ber. Tbe Medusa in question was ascertained to belong to the genus.

Cosmctira, a representative of the family of Oceanidie, and is very

closely related to, though much smaller than, tbe Cosmetira punctata,

which is abundant in the contiguous sea. Dr. Du Plessis, who described

tbe species in 1870, considers that it furnishes an exami)le of tbe influ-

ence of tbe surrounding medium in the gradual modification and trans-

formation of one species into another, for be doubts not that tbe diminu-

tive Cosmetira is a decendant of the Cosmetira punctata, from which it

has become modified and reduced greatly in size, while tbe canals and

stomach have assumed a green color, and the general rose-color of tbe

oceanic forai bas been changed into violet, while the tentacles become

black.

A FRESHWATER JELLY-FISH.

t

In the summer of 1880 Mr. Sowerby, tbe secretary of tbe Eoyal Bo-

tanical Society of London, noticed quite a number of small animals,

which were soon ascertained to be medusae, in a warm-water tank in

* Du Plessis, G. Etude sur la Cosmetira salinarum, sp. u., nouvelle Mtiduse paludicole

des environs de Cette. Bull. Soc. Vuud. (2,) vol. xvi, pp. 39-45, pi. Also, An. Mag.

Kat. Hist. (5), vol. iii, pp :}d5-389.

tLaukester (E. Eay). On a new Jelly-fisli, of the order Trachomcdusce, living in

fresh water. Natin-c, vol. xxii, pp. 147-148, June 17, 1880. See also vol. xxii, p^i. 177-181,

(Lankcster, Allmann, Romanes); 218 (Allmann); 241 (Lankester) ; 290 (Allmann) ; 316

(Lankester).
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which plauts of t'he Victoria rcgia were growing in the garden of that

society. The water in the tank had a temperature of about 90<^ F., and
was literally swarming with the little medusae, the larger of which
measured nearly half an inch in transverse diameter. They were very

energetic in their swimming, and displayed the characteristic systole

and diastole of the umbrella, and were nourishing apparently in the very

conditions which contribute most completely' to their well being. Speci-

mens of this form were obtained by Profs. E. Ray Lankester and Geo.
G. Allmann, and described by the former June 17, and by the latter June
24, in "Nature"; by the former, under the name Craspedacusta Soicerhii.

and by the latter as Limnocodium Victoria. Subsequently an attempt

to compromise on the name was made, and Professor Lankester desired

to perpetuate the designation of Limnocodium Sowerhii. Inasmuch,
however, as Craspedacusta was first used and accompanied by a satis-

factory diagnosis, there can be no question but that conformity with

the laws of nomenclature compels its retention. The most characteristic

feature of the new form is the development of otoliths and velar canals.

The otoliths are " placed along the line of insertion of the velum—about
80 in number (fewer in small specimens). From 10 to 20 are placed

between successive perradial tentacles arranged in groups of two or three

between the successive secondary tentacles." The velar centrifugal

canals " (which are really the elongated otocysts) are peculiar to this

genus
;
passing from the otoliths (one inclosing each otolith) into the

velum, and then ending blindly. They appear to correspond to the

centripetal canals found in other Trachomedusae, in the disk." By Pro-

fessor Lankester it is claimed that Craspedacusta belongs to the family

Petasidae among the Tiachomedusae, which are distinguished by the

development of ''four radial canals, in the course of which four gonads
lie, with a long tubular stomach, and no stomach-stalk." According to

Professor Allmann, however, while some of the characters "point to an
affinity with both Trachomedusa; and Narcomedusae, this affinity ceases

to show itself in the very important morphological element aflbrded by
the marginal bodies. In both Trachomedusae and Narcomedusae the
marginal bodies belong to the tentacular system ; they are metamor-
phosed tentacles, and their otolite cells are endodermal, while in the
Leptomedusae, the only other order of craspedototal Medusae in which
marginal vesicles occur, these bodies are genetically derived from the
velum. Now, in Limnocodium the marginal vesicles seem to be as truly

velar as in the Leptomedusae. They occur on the lower or abumbral side

of the velum, close to its insertion into the umbrella, and the tubular exten-

sion of their capsule runs along this side to the free margin of the velum,
while the delicate epithelium of the abumbral side passes over them, as
in the Leptomedusae. It is true that this point cannot be regarded as

settled until an opportunity of tracing the development is afforded ; but
in very young specimens which I examined I found nothing opposed to

the view that the marginal vesicles were derived, like those of the
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Leptomedusse, from the velum." It is concluded that Limnocodium " will

hold a position intermediate between the Leptomedusie and the Tracho-

medusae ; but as the greatest systematic importance must be attached

to the structure and origin of the marginal vesicles, its affinity with the

Lejitomedusai must be regarded as the closer of the two."

ECHINODERMS. •

A NEW ORDER OF HOLOTHURIOID ECHINODERMS.*

Quite a number of remarkable forms hav^e been procured within the

last live years at great depths of the ocean in various parts of the world,

and these have been recently brought together by Hjalmar Theel in one

group, diflerentiated as an " order " closely related to the Holothurioidea.

These newly discovered forms essentially resemble the Holothurioids in

general structure. It is noted, however, that the Holothurioids are

mostly fusiform or cylindrical in shape, although some {e.g.,F.solus and
Cuvieria) are most decidedly bilateral ; the radiate symmetry prevails so

far externally that the five radial ambula<*ral vessels and their api>endages

are generally similar, or nearly so, and run symmetrically at equal dis-

tances from one another from the anal to the apical pole, and they may
be even used indifferently for the jnirpose of progression ; but, never-

theless, of these five ambulacra, three—constituting the trivium—are ven-

tral, and the other two—the bivium—are dorsal. While such is the rule

however the exceptions are such as to comjiel us to be cautious,

lest we place an undue value on deviations even much less than those

recognized as occurring in forms universallj" conceded to be true repre-

sentatives of the order.

In the newly discovered forms the body is always " distinctly bilat-

eral," (1)
'< the lateral ambulacra of the trivium bearing large, slightly

retractile pedicels, disposed either in a single row, or sometimes in two

rows, along each side of the ventral surface, and sometimes with another

series of larger highly elongated not retractile processes placed exter-

nally and above the pedicels
;
pedieels of the two lateral ambulacra

symmetrically arranged, being more or less distinctly opposed across the

ventral surface " ; (2) "the odd ambulacrum naked, or very seldom with

a few rudimentary pedicels"; (3) "bivium i)rovided with very long, not

retractile processes, often disposed in one or more rows along each of its

ambulacra, and more or less distinctly opposed across the dorsal surface,

or with only a few rudimentary ones in its anterior jiart, or with a single

very large one resembling a broad, brancheil or unbranched lobe, and

near to it some small j^apillfe;" (4) there are "no respiratory trees;"

and (a) the integument is " naked, spiculous, or plated." Such are the

characteristics common to the forms. While the ordinal value of this

type may perhaps be generally disputed, the forms are of no little in-

* Hjalmar Tli<5el. The Elasmoiioda, a new order of Holotliuridea.. 2^ature, vol. xxi,

pp. 470-473, March 18, 1880.
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terest. Ten distinct genera have been differentiated and are represented

by seventeen known species. These have all been obtained in the deep sea,

at great depths. Thej^ exhibit extraordinary proportions and develop-

ment of the ambulacral appendages, and their singularities have given

rise to some remarkable generic names, as Deima (a fright), Oneiro-

phanta (a vision), Ilyodemon (ooze spirit), and Irpa and Kolga (both

names derived from the iSTorse mythology). " One group is very gelati-

nous, and of a rich purple color ; others are gelatinous, gray, and semi-

transparent ; while another series, and among these the most fantastic

of the whole, are yellowish, and have a crustaceous test, with a thick

layer of calcareous i^lates, often running out into strangely shaped pro-

cesses. A peculiar little group from the Antarctic Sea are little more

than a gelatinous membrane, covering an enormously distended intes-

tine, filled with diatom ooze," It is evident that the type is quite char-

acteristic of the abyssal fauna, for in most' hauls of the dredge made in

very great dei)ths forms are brought up in considerable number.

SYSTEM OF STAR-FISHES.

Mr. C. Yiguier has investigated the comparative anatomy of the skel-

eton of star-fishes, and in connection therewith has applied the data

gained to the revision of the system.* He first recognizes two primary

groups, to which he gives (with doubtful propriety) the name of sub-

classes, and then divides these sub-classes into families, characterized

in the maiii by modifications of the frame w ork, as well as by the char-

acter of the odontophore, teeth, and pedicillaria.

The first sub-class includes the typical star-fishes and related types,

as the AsteriadiB, Heliasteridte, and Brisiugidte, which have, as common
characters, the mouth of the ambulacral type; pedicilaria pedunculate,

and straight or claw shaped, and the ambulacra generally in four rows.

The second sub-class is richest in representatives, and these have a

mouth of the adambulacral type, the pedicellaria sessile and valvular,

and the ambulacra are always biserial. Seven families are distin-

guished by the names Uchmasteridw. Linckiadct', Goniasteridce, Asterini-

dcc, Pterasteridce, Astropectinidw, and Archasteridw.

A GENERALIZED STAR-FISH.

A form of starfish (using the word in its broadest sense) has been
found iu the sea about Madagascar, which is remarkable for certain of

its characters, for although in truth an ophiuroid, it exhibits some fea-

tures approximating it to the asteroids. According to the describer (Mr.

W. Percy Shiden),* indeed, the characters of Asteroidea and Ophiu-
roidea are combined in singular manner. The disk is enlarged and pen-

* Viguier (C.)- Anatomie comi>ar6e du squelette des StellMdes, in Archives Zool. ex-

perim., t. vii, pp. 32-250.

* Sladen (W. P.). Ou the Structure of Asthropliiura, a new and aberrant genus of

Echiuodermata. Ann. Mag. Xat. Hist. (5,) vol. iv, pp. 401-415, pi. 20.
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tagonal and the rays singularly abbreviated and aborted, so tbat tbe

form is very unlike an ordinary opbiuroid. In fact tbe arms are for tbe

greater partof.tbeir length inclosed in a disk formed of calcareous

plates both above and below, but only a small portion of jointed arm

projects from each angle of the pentagon thus formed, and, with the

structure along the lines of the arms on the lower surface, reminds one

of the ophiurids. It is contended that the whole skeleton structure is

due to the abnormal development of the ordinary plates of the ophiurid,

but at the same time in the structure of the animal a number of charac-

ters are observable which tend toward the asteroids, such as a great

development of the ambulacral system, with formation of supplementary

plates separating the tentacular compartments, the extension of the peri-

toneal cavity into the radial portions of the animal, and the organiza-

tion of the mouth.

Mr. Sladen concludes with some general remarks on the characteris-

tics and relations of this new type. He argues that " the pentagonal

flattened gonio-discoid body, combining within its area representatives

of the whole free radial system, as well as of the disk of the typical

Ophiuran, presents us with nothing less than the anomaly of an organ-

ism having opbiuroid ray-plates expanded and then consolidated along

with their disk into a pentagonal asteroid form of test. Such a re-

markable arrangement of the entire brachial series and abnormal devel-

opment of the side arm-plates is," he says, " so far as lam aware, quite

without a parallel amongst the Ophiuroidea, and constitutes a character

which I regard as an approach to the structure of the Asteroidea. Al-

though it may be asserted that the resemblance is largely superficial,

and that the plates, when takeu individually, are truly opbiuroid after

all, the objection is counter-balanced by the fact that this combination

of radial and interradial systems within a common periphery involves

morphologically a principle of much higher import than simply outward

form, and to which testimony is borne, more or less fully, by each of the

following particulars, that is, (1) " the limitation of the tentacular pore-

system to the disk"; (2) "the extremely rudimentary condition and

aborted character of that portion of the radial series which is prolonged

beyond the body-disk, and which seem to give indications of disuse and

cessation of function in this area of Opbiuroid organization, followed by

a localization of function according to the plan of Asteroid organiza-

tion"; (3) "the extraordinary development of the tentacular or ambul-

acral system as compared with its usual standing in Ophiurian anatomy,

together with a most extreme modification of the muscular system char-

acteristic of that group," indicating unequivocally a tendency toward the

growth of Asteroid characters; (4) " the prolongation of the peritoneal

cavity into the radial portion of the animal," evincing " a divergence

towards a structure usual in the Asteroid gi-oup"; (5) the simple and

rudimentary character of the mouth armature," which diflers from the

opbiuroid and approximates the asteroid type ; and (C) " the aborted
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character of the axis or internal arm-skeleton." In fine, the charac-

teristics of the new type are such as to isolate it, at least with family

value, from all the other Ophiuroids, and this is established under the

name " AstrophiuridcCj'^^ by Mr. Sladen, with the following character-

istics :

The arms, with an Ophiuroid disk, included in a pentagonal body

;

the teeth absent ; the armature of the mouth simple and imperfect ; the

pores for the ambulacral feet separated by narrow septa, which are per-

pendicular to the rays j the interbrachial cavity very broad.

WOEMS AND WOEM-LIKE ANIMALS.

MODrFICATIONS OF WOEM-TYPE.

The arrangement of worm-like animals in the systema naturae has taxed

the learning and ingenuity of naturalists to a high degree, and especially

during the last quarter of a century. Within the last two years sev-

eral attempts have been submitted, exhibiting the widest diversities from

each other. Whatever may be the ultimate verdict, it is quite certain

that there is no concurrence now as to the value of the characters used

to distinguish the various groups. As an indication of some of the tend-

encies in the taxonomy of the types in question, several of the sys-

tematic expositions are noteworthy.

Mr. A. Giard, in connection with a communication on the Orthonectids,

gives his ijecnliar views of the worm-like animals.*

The name Vermes is accepted as the designation of a "sub-kingdom"
which includes Orthonectids, Dicyemida, Trematoda, Cestoda, and Tur-

bellaria.

The name GYMNOTOCAis suggested for the "Annelida and associated

groups," as well as the Bryozoa, and also the true Mollusca. (The

Tunicata, he thinks, "must be i)laced at the foot of the sub-kingdom

Vertebrata.")

The designation Nematelmia is used for the Nematoida, Echinorhyn-
cha, Desmoscolecida, Gastrotricha, &c.

THE intestinal WORMS OF THE HORSE OF DENMARK.

Dr. H. Krabbe has investigated the relative frequency of occurrence

of different entozoa of the intestinal canal of the horse in Denmark.!
The following is the ratio to the hundred for the different species ascer-

tained, which are six in number, namely

:

Times.

Twnia perfoUata 28
" mamillana 8

* Giard (A.). The Orthonectida, a new class of the Phylum of the Worms. Quart
Jour. Mier. Sci., vol. xx., pp. 225-240.

t Krabbe (H.). Researches on the occurrence of Intestinal Worms in the intestinal

canal of the Horse. Ann. Mag. Nat. Hist., (5,) vol. vi, pp. 96,97.
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Times,

Ascaris megaloeephala 16

Strongylus armatus ^Q

" tetracantlius (in 67 out of 86 horses) 78

Oxyuris curvula 3

A NEW TYPE OF PARASITIC WORMS.

Sui^eon-Major G. E. Dobsoii lias recently made known a remarkable

parasitic worm found in the intestine of an African bat {Mcgaderma

frons). This has lately been examined by Dr. J. D. McDonald* as well

as by Surgeon Dobson. The former remarks that at first he agreed

with Surgeon Dobson in thinking that it represented a new order of

Annelids, but he is now disposed to look upon it as a new type, whose

alliance is rather with the Nematoda. Surgeon Dobson considers it as

the type of a new order of worms, which he calls Metabdellada, and
which he refers to the "Archieostomata," among which, it is to be inter-

posed between the Rotifers and the Trematods.

THE CLASS OF OETHONECTIDS.f

In 1877 Mr. A. Giard, of Paris, described some parasitic a imals of

very low organization as the coustituents of a peculiar class to which he

gave the name Orthonectida. These Orthonectida present, as a perma-

nent feature of their existence, the planula-forin, which is one of the em-

bryological stages of most animals. They occur as parasites in Nemer-

teans and Ophiuroids. Mr. Giard has since supplemented his original

observations and studied their reproduction. Their movements, inde-

pendent of vibratile cilia, are due to the presence of muscle-like bands

belonging to the endodermic cells and forming a splanchno-pleural

" pseudo-mesoderm." Reproduction is effected in two ways: (1) sex-

ually and (2) by gemmiparity. In the former course it is {a) by the for-

mation of a blastula or (b) by the production of an epiholic gastrula which

finally closes, and, in both cases, there ensues a i)ermanent planula state

with a metamerized ectoderm. In the latter course gemmiparity sujjer-

veues in the interior of enormous sporocysts formed by the endoderm of

the progenitve animal. It is as a result of gemmiparity that the Ortho-

nectids are met with in abundance in their host. The Orthonectids, it is

concluded, "are Gastraeada brought by parasitism to the state ofplanula,^^

and their importance on the "Gastraea theory" is very great. (See,

also, MetschuikolF in Zool. Anzeigcr, vol. ii, p. 547.)

*Macdonal(l (John Deuis). Ou the anatomy of a new parasitic worm found in the in-

testine of a bat (Megaderma frons). Ann. Mag. Nat. Hist., (5,) vol. vi, pp. 409-411,

pi. 21. Also, Dobson (G. E.). Note on Pterogodermatites Macdonaldii ; the type of a

new order of Vermes. Ann. Mag. Nat. HM. (5), vol. vi, pp. 412-414.

t Giard (A.). On the organization and classification of the Orthonectids. Ann. and
Mag. Nat. Hist., (13,) vol. iv, pp. 471-473. From Comptes Eendus, September 22, 1879.



^^^ ZOOLOGY.

A NEW PEOnTIVE TYPE OF WORMS.*

Tl7e genus Polygordms lias been supposed to represent one of the most
primitive forms of Annelids, but in 1880 Dr. Hatschek made known a
species which seems to be still more simple in its organization, and there-
fore to exhibit the most archaic form in which the Annelidan structure
IS known to exist at the present day. This new form has been named
Protodrilus LeucJcarti, and was found near Messina. The inferiority of
its organization is manifest especially in the nervous svstem, the ven-
tral ciliary groove, the blood vascular system, and the intestine The
muscular system resembles that ofPohjcioriUus. " The nervous system is
difficult to make out in the living object, the ganglionic nature of the
fi-ontal ganghon being indistinguishable and the presence of the organ
merely indicated by a thickening of the integument ; the sensory organs
are represented by two transverse, elongated, ciliated slits, placed on the
dorsal surface of the anterior portion of the head. There are no pig-
mented eyes." The intestine has no rectal division. " Just behind the
mouth there opens into the oesophagus a muscular organ of a compli-
cated form, and terminating blindly in a chitinous vesicle very similar
to the same organ in Pohjgordius; it has a function which still remains to
be discovered." (Condensed from J. R. M. S., vol. iii, pp. 791-792.)

POLYGORDIUS AND ITS RELATIONS TO OTHER WORMS.

A worm-bke form that has excited much interest and has been
regarded as the most primitive of Annelids is the genus Polygordius.
What IS now known to be the larva of this form has been long known,
and had excited considerable speculation, but its parentage was discov-
ered but lately. Dr. Hatschek has been able to verify the develop-
mental stages of this type,t and has recognized six: (1) That prior to
segmentation, when the embryo is small and transparent, broader than
long and divided into two parts by two parallel circlets of cilia in the
niiddle line, with the mouth placed between these and the arms, and
the latter opening at the inferior pole of the body, and with twi eye
spots above; (2) the primitive segments of the body appear, the meso-derm IS further developed, as is also the posterior circlet of cilia; (3)the larva becomes elongated, differentiation of the ventral cord and
antennae ensues, and a ciliated pit supervenes on either side of the headand represents apparently the future olfactory organ

; (4) the walls of

f^^^^^l^'VT^ ^'T' ^^^^^Stliened by the apposition of the proper

^reSIv^^l 1

mesoderm, and the posterior circlet of cilia becomes
^-^^Z:^!I!^^I!!!LL(^)i^!^^ and the

jB.10. z,ool. Inst. Wien, voL m, pp. 79-92, with ,2 pi

vol. vi, pp. 324-326.)
(Translated in Ann. Mag. Nat. Hist., (5,)
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legion of tlie liead becomes much more like what it will be in the adult,

while its circlets of cilia begin to disappear
;

(C) two distinct legions

become apparent in the head, the tentacles become prominent, the walls

of the mid-gut are considerably thickened ; and there is still a mass of

rounded, indifferent cells, which appear to be the rudiments of the gen-

erative products.

Taking these different stages of development into consideration, Dr.

Hatschek indorses the view that Pohjgordius is an Annelid, although it

manifests many points in adult structure which are merely embryonic in

other forms. Folygordius thus represents what may be designated

Archi-Anuelids or primitive Annelids, and its affiliations with the other

types are indicated as follows

:

Annelides.

First order, PolygordiUla'.

Second order, Chwtopoda.

First suborder, Saccocinidce.

Second suborder, Folycha'ta.

Third suborder, Oligocluvta.

Third order, Birudinea.

Fourth order, Gephyrea.

(Condensed from J. R. J/. S., vol. ii, pp. oC3-5G7.)

PLATYHELMINTHES.

PARASITIC TLANARIANS.

Inasmuch as extremely few parasitic Plauarians have been hitherto

recognized, the discovery by Dr. von Ihering of one which occurs in the

kidney of Murex is noteworthy.* The new form has been called GraffiUa

muricicola, and is easily perceptible in that organ by its reddish-brown

coloration. It attains a length of about 5 millimeters, and is distin-

guished by the development of a thick anterior and narrow tail-like

posterior region, quite distinctly marked off' from each other. But the

most prominent characteristic of Graffilla is the structure of the pharnyx;

this is not provided with a special sac or pouch, and in this respect the

new form is distinguished from all similar species, and is therefore made

not only the type ofa distinct family, but a distinct group of Khabdocoila.

These it is proposed to di\ide into (1) such as have a pharynx
(
Pha-

ryngea), and (2) such as are deprived of a pharynx {Apharyngca). To

the former group the Graffillidce belong; but, as already indicated, they

are differentiated from all the other Pharyngea by the absence ofa special

pharyngeal pouch, and therefore stand in a section apart from the rest.

Another parasitic Planarian has been found by Dr. Arnold Lang in

* Ihering (H. vou). Graffilla muricicola, eiue parasitische Rhabdocoele. Zeihclir.

f. Wins. ZooL, vol. xxxiv, pp. 147-174.
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the foot of Tethys,* but at tlie same time it is coDJectured that it does not

reside there permanently. This form has not been named, but has been

considered to be closely allied to GraffiUa muricicola. The pharynx was

feebly developed and appeared to be destitute of a sheath. No peripheral

nerves or special organs of sense or water-vessels were observed. The

female organs were well developed; but in none of the specimens

examined could the male organs be detected except in a rudimentary

condition.
THE GROUPS OF NEMERTEAN WORMS.

The Xetnertean worms have been examined with relation to their genera

and systematic relations inter se by Dr. A. A. W. Hubrecht.t It is claimed

that the genera proposed for the European forms must be reduced to four-

teen. These are grouped, first, into two sections, one distinguished {Hoplo-

Tiemertini) hy the mouth being in front of the ganglia and the proboscis

furnished with stylets, and the second {nameless) by the mouth situated

behind the ganglia and the proboscis destitute of stylets. The latter are

subdivided into (1) Schizonemertini, distinguished by the development

of a deep lateral fissure on both sides of the head; and (2) Palceonem-

ertini, characterized by the absence of such fissures. The three groujis

so named are designated as ^^ suhordersP

The suborders are essentially the same as the three families generally

admitted, and which are much better so designated than as suborders.

The genera admitted are segregated under nine families, and are, for (1)

the Hoplouemertini, Xemertes, Oerstedia, Frosorhochnius, Tetrastemma,

Amphiporiis, and Drepanophorus ; in (2) the Schizonemertini, Langia,

Cerebratulus, Borlasia, and Lineus, and in (3) the Pala?onemertini,

Valeneinia, roUa, Cephalothrix, and Carinella. (Condensed from J. B.

M. 8.)

The author seeks to determine the phylogeny of these forms, but

the data apparently are not sufficient for such jiurpose.

A PARASITIC NEMERTEAJSr.

More than a century ago (in 1779) O. F. Miiller described a worm which
has, until lately, been regarded as being a kind of leech. This form

has been named Malacohdella grossa, and the specimens occur parasitic

in Cyprina Islandica. As indicated by the name, Malacohdella is charac-

terized by a very soft body, and its width is nearly the same as the

length, except in the region of the sucker ; its muscular system is charac-

teristic ; the mouth is placed at the anterior end and is a transverse

cleft ; the proboscis is white, and is destitute of any armature or spines

;

the pharynx very white and visible through the transparent integument

;

the intestine narrow and dark. On account of this union of characters

* Lang (Arnold). Notiz iiber einen neuen Parasiten der Tethys aus der Abtheilung der

rhabdocoel en Turbellarien. Mittheil. Zool. Station Xmpel, vol. ii, pp. 107-112.

+ Hubrecht (A. A.W. ). The Genera of European Nemerteans critically revised, with
deBcriptions of several new species. Notes Mua. Leyden, No. iv, pp. 193-233.
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by whicli it contrasts with all the three previously recognized families,

Von Kennel has lately proposed to isolate it as the type of an inde-

pendent one. This family {3IalacohdelUdw) is distinguished by "the

dermo muscular layer arranged in an external, circular or an internal

longitudinal layer ; the absence of spines to the proboscis ; the non-

development of cephalic grooves or lateral organs; the intestine simple

and forming several coils; the nerve-trunks free from the muscular

system and united posteriorly by an anal commissure, and the develop-

ment of a sucker at the posterior end." *

CmETOGNATHA.

KELATIONS OF THE CH^TOGNATHA.

A form that derives considerable interest from the speculations that

have been entertained about it by the earlier naturalists, is the worm

group known as Sagitta, and for which the order Chaetognatha has

been instituted. An elaborate monograph of this order has been pub-

lished by Dr. Hertwig during the past year, and he has especially inquired

into the subject of its relationship with other types. + He recalls the

investigations of Kowalevsky and the application by Huxley of the

condition of the body cavity to taxonomy, and rehearses that in most

animals this ccelom is formedby a cleavage of the mesoblast (schizoccele),

and that in others—as in the Echinoderms, Brachiopods, and Amphiox-

us—the ccelom is developed from outgrowths of the endoblast (enter-

ocoele). It is the latter type that is manifested in the Chaetognatha.

The Chfetognatha are said to be most nearly related to the i^ema-

toids and Annelids, and the relations to the latter are claimed to be

very remarkable. In both " the enteron is invested in a fibrous enteric

layer, and is attached by mesenteries which completely divide the

ccelom into a right and left half. In both cases there are four bands of

longitudinal muscular fibers, the cells of which are derived from the

coelomatic surface. The two transverse septa of the Chajtognatha are

comparable to the numerous transverse septa in the Annelids, while,

lastly, in both groups the generative products are derived from cells of

the parietal layer of the mesoderm." The olfactory organ is on the

upper surface of the head near the eye and behind the supra-(Ksophageal

ganglion, and is unpaired and very simple in character.

The nervous system is noteworthy, the chief ganglia and their nerves

being embedded in the epidermis, while some smaller cephalic ganglia

belong to the mesoderm; or, in other words, the nervous system is

differentiated into ectodermal and mesodermal parts. To the former

there are two central organs, the supra-oesophageal and the ventral

ganglia. In the latter are developed a lateral cephalic ganglion and

two other small ganglia.

*Keimel (V.). Arieit. Zool. Zoot. Inst. Wiirzburg, vol. iv, p. 305, 1878.

t Hertwig (O.). Die Cbsetoguatlien. Studien zur Blatteriheorie, Heft ii, Jena, 1880,

6 pi.
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The taxouomical deductions are that tlie Cbjrtognatha form a group

characterized by the "body consisting of three segments, separated by
septa and provided with horizontal fins; the head with prehensile

hooks, spines, and a ^cap,' with two eyes, and an uniiaired olfactory

organ; coelora spacious: the enteron has two mesenteries and opens

in front of the aventerous caudal segment; four longitudinal muscular

bands: nervous system consists of the ventral, the supra-oesophageal,

and the lateral cephalic ganglia: trunk segment with two ovaries;

caudal segment with two testes.—In this group are recognized two
modifications of generic value, one {Sagltta) having an unpaired caudal

and two pairs of lateral fins, including ten species, and the other

{SjjadcUa) with an unpaired caudal fin and 07ie i)air of lateral fins, in-

cluding three species. (Condensed from J. B. M. S., vol. iii, pp. 793-799.)

PERIPATIDEANS.

ON THE RELATIONS OF PEEIPATUS.

Until lately there has been no difficulty in trenchantly separating the

arthropods from the vermiform articulates, but in Peripatus (a terres-

trial worm-like animal of troi)ical countries) we have a form that is at

once to some extent intermediate between the two', and that breaks

down the rigorous diagnoses of those great groups and forbids the neat-

ness and precision of definition formerlj- accorded to them. On the one

hand Peripatus possesses quite a well-develoj)ed tractheal system and
therein agrees with the terrestrial arthropods. On the other hand it

agrees with the worms in that the segment at organs are in all essential

respects like those of the Vermes and especially of the leeches, each organ

consisting of a coiled glandular tube connected at one end with a short

tube of somewhat different character, and probably opening into the

body cavity, and at the other end dilating into a vesicle that debouches

on the surface of the body at the base of the corresponding foot. Mr.

Balfour has now called attention to a new feature in the economy of the

animal which throws some light on its relationships.* There is a gland

which has a duct opening into the mouth, and which is comparable with

the salivary gland of the centipedes. (It has generally been considered

as a, " fat-body.") Now, salivary glands are distinctive of the Tracheate

Arthropods, and are not at all represented in the worms ; we have there-

fore in this structure of Peripatus another indication of its relationship

with the Arthropods. By recent authors Peripatus had been disting-

uished as the type of a primary group under the name Protracheata,

and the data thus indicated are worthy of attention in connection with

its place in the system.

* Balfour (F, M.) on certain jtoiuts in the Anatomy of Peripatua Capensis. Proc.

Cambridge Phil. Soc, vol. iii, p. 6, 1879.
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MEEOSTOMES OE PAL.EOCAEIDS.

THE EYES OF THE HORSESHOE CRABS AND TRILOBITES.*

ProfessorPackard has investigated the structure of the eyes of the horse-

shoe crab, aud, in connection therewith, that of the corresponding organ

of the Trilobites. In the eye of tlie horseshoe crab [Limulus) the cor-

nea is developed as " a thinned portion of the integument" ; on each side

are " nutrient" or pore canals, which are filled with connective tissue,

extending into the integument from the body cavity. Apposed to the

transparent cornea, and arranged in quincuncial order, are series of solid

conical lenses, of which the conical ends project inwards and are partly

buried in the black retina. "The long slender optic nerve, just before

reaching the eye, subdivides, sending a branch to each facet or cornea

impinging on the lens." As this is a unique condition of the eyes in

living articulates, it was an interesting i^roblem to discover whether the

affinities of the Trilobites with LimnluH was manifested in this as in other

respects. Casts and natural sections of Asaphns gigas especially were

examined, and when the concave or interior surface was i)laced under a

magnifying power of oO diameters, the entire surface was seen to be

rough, with the ends of the minute solid conic corneal lenses which pro-

jected into the body cavity. "This is exactly comparable with the cast

shell of Limulus and its solid corneal lenses which project into the body

cavity."

CEUSTACEAXS.

ABORTED DEVELOP^IENT IN CRUSTACEANS.

It has long been recognized that while forms inhabiting the sea pass

through several stages of metamorphoses, species quite closely related,

living in fresh water, do not exhibit similar stages in their development.

The forms that so deviate from the general manifestations in the class

are always of interest, and Dr. Fritz Muller has examined from this

point of view several Brazilian decapod crustaceans.t He found that

TrichodacUjlus and Aeglea Odehrechtii failed to pass through the regular

crustacean metamorphosis, and that the female of Palcemon potiuna pro-

duces only 6 to 20 large eggs, and from these the young emerge with

the superficial characteristics of the adults, whose complete form they

assume at the fourth change of skin. But what is still more noteworthy

is that ^hWelltpjwlyte polar is passes through a shortened phase of devel-

opment, on the other hand a Brazilian Hippohjte^ closely related to that

species, was ascertained to emerge from the egg as a zooea. Several

fresh-water shrimps also found at the mouth of the Itajahy Eiver—

a

Leander, a rakcmon, and one of the Atyinw—also come from the Q^g as

zooeie.

* Packard, jr. (A. S.). Tlie Structure of the Eye of Trilobites. Am. Saf., vol. cxiv,

pp. .50:5-508, July, 1880.

t Muller (Fritz). Palaemon potiuna ; ein Beispiel abgekiirtzer Verliaudlung. i'ool.

Am., vol. iii, pp. 152-157 (223).



352 ZOOLOGY

INSECTS.

SCOLOPENDRELLA, THE TYPE OF A NEW ORDER OF MYRIOPODS.

The genus Scolopendrella has recently been reexamined by Mr. John

A. Ryder,* and he has found some remarkable peculiarities in its organi-

zation, which, in his opinion, entitle it to be differentiated as the "repre-

sentative of a distinct order of Myriopods. The characteristics^ accord-

ing to Mr. Ryder, " indicate as much affinity with insects as with myri-

opods, and may, indeed, be looked upon, perhaps, as representing the

last survival of the form from which insects may be sujiposed to have

descended." The head is essentially like that of a true insect, and the

epicranial pieces are distinguished by well-marked suture from the

labrum. The labrum and labium are both well defined; mandibles and

maxillae are developed, as well as, apparently, a ligula. The antennte

have numerous (14 to 28) articulations. The body proper has thirteen

segments. The legs (in number 12 or less) are five-jointed, and each

terminated by a pair of claws, as in the typical insects, and at the

bases of each pair, except the first, are attached simple hairy append-

ages. The genital orifice is on the ventral side, in the third or fourth

body segment, in both sexes. The tracheal system is represented by a

series of simjjle tubular arches, without a spiral filament, arising from

openings on the ventral surface inside the base of the legs. Of this

combination of characteristics not the least noteworthy are the biun-

guiculate legs, and their nearly complete correspondence in number
with the rudimentary abdominal and functional thoracic limbs of the

Thysanura, especially Machelis and Lepisma, which have also basal ap-

pendages to the legs; it is these characteristics that point to the afiinity

with Insects almost as intimate as that with the Myriopods. The order

thus distinguished has been named Symphyla, in reference to the singu-

lar combination of characters presented. It may be added that this

order has already been adopted by a special student of the Myriopods,

Latzel having accepted it in his lately published work on the Myrio-

pods of the Austro-Hungarian monarchy. Whether it will be hereafter

associated most intimately with the typical Mj^riopods or Insects, re-

mains to be seen ; but it is at any rate certain now that these two tyi^es

cannot be retained as full classes.

INSECTS INJURIOUS TO BOOKS.

Tlie question of injuries incurred by books from the attacks of insects

has been examined into by Dr. IIagen,f and Professor Westwcod. Repre-

sentatives of not less than six orders of Arthropods are more or less in-

jurious.

Among the mites is the common Cheyletus eruditus, which attacks

paper in damp ijlaces.

* Ryder (Johu). Scolopendrella as the type of a new order of Articulates. Am.
Nat., vol. xiv, pp. 375, 376.

tHageu (H.). Attacks of Insects on Books. Jour. Boy. Micr. Soc, vol. iii, p. 422.
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Among the Tliysauura, the Lepisma 6aechariiia, which is found iu

closets, &c., where provisious are kept, feeds also ou paper, but leaves

untouched that which is covered by printiug-iuk. This species was not

known till lately to be at all injurious to paper or books.

Of the Neuroi>tera, the termites are injurious to paper and books as

well as to many other substances.

Of the Orthoptera, as is well known, the cockroaches (Blattidai)

frequently commit considerable ravages.

Of the Lei)idoptera the caterpillars of Aglossa pinguinalis and Depres-

saria fre<iucntly do damage by spinning their webs between the vol-

umes, and also by gnawing the paj^er with which they form their cocoons.

Among the beetles are several species. The Hypotlienemiis eruditus,

a very minute species, excavates tiny burrows within the binding. The
death-watches [Anohium pertinax and Anobium striatum) surpass iu

their ravages all other species, gnawing and boring not only through

the pages of the volumes, but also through the binding. One instance

is recorded where 27 folio volumes, i)laced together on a shelf, had been

so completely drilled, that a string might be run through the hole made.

As an antidote to and i^reventive of the attacks of these insects,

vaporization is suggested. The infected volumes may be placed m a

large glass case made as close as possible, and therein likewise may be

set small saucers containing benzine, or a si)onge saturated with carbolic

acid. "A strong infusion of colocynth and (juassia, chloroform, spirits

of turpentine, expressed juice of green walnuts, and pyroligueous acid

have also been employed successfully. Fumigation on a large scale may
aliso be ad<)[)ted, by filling the room with fumes of brimstone, prussic acid,

or benzine ; or an infected volume may be placed under the bell-glass

of an air-pump, and extracting the air, the larvai will be found to be

killed after an hour's exhaustion." *

DESTRUCTION OF INSECTS BY FUNGI.

It may be recalled that at the Portland (1873) meeting of the Ameri-

can Association for the Advancement of Science, Dr. Le Conte suggested

that an efficient mode of checking the devastations of the insects injuri-

ous to agriculture might be the "production of diseases" from parasitic

fungous growths. He mentioned, without particular^ing, " an instance

in which from the communication of the disease by some silk-worms, the

whole of the cateri)illars in a nine-acre piece of woods were destroyed."

The same proposition has been entertained and advocated by various

other writers, for example, Hageu, Bail, &c.

Experiments have been made upon various forms, and lately on potato-

beetles. Those inoculated with the fungous disease died in from eight

to twelve days, while others iu the same room, but which were not so

* Hagen (H.). Schiidlichc Insecteu durcli deu Hefeupilz zu todter. ZooL Anz., vol.

iii, p. 185.—The Destruction of luaect pests by applicatiou of yeast. Nature, vol. xxi,

p. 611.

S. Mis. 31 23
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treated, lived through the winter. Plant-lice werctillec'. in a hothouse
by similar means. Dr. Hagen therefore contends against Professor

Metschnikoff, that fungous inoculation can be applied to practical uses,

^';d that it will not be necessary to wait till the scientific meaning of tbe

phenomena involved is understood ; he thinks that the plan has already

been successful in practice, although further experiments should be

made before any positive decision can be arrived at.

THE GLOWWORMS AND THEIR PHOSPHORESCENCE.

The structure of the LampyridiC and their phosphorescent character-

istics have been examined by Rev. 11. S. Gorhain.* The conclusion is

reached that '' the sexual instinct has played a large part in molding

the external structure of this group of beetles, and that it is to that we
must look for an adequate explanation of the development of phos-

l)horescent light, though not perhaps for its origin." The cases in which

both of the sexes have wings, and both exhibit also X)hosphorescent

qualities, form the larger proportion among existing species. It is con-

tended that in this condition the emission of light would be useful in

the attraction of the respective sexes and bring them together in swarms.

Those species, however, which are regarded as being the most typical

of the family and in which the parts are more specialized, are such forms

as Lamprocera and Cladodes. In these types the phosi)horescent faculty

has not been developed in the same proportion as the organs generally,

and the eyes, for example, are " reduced in a direct ratio with the light"

whenever the antenna? are enlarged in inverse ratio to the diminution of

the phosphorescence. Whether the eyes develop at the exj^ense of the

antenna', and are, so to speak, the recei)tacle of all the vital forces of

the head, or whether the antenna^ supijlement the loss of the other

organs of sense, and are useful in detecting the presence of the female,

only one fact is in evidence, which is that tlieplumosityof the antenna';,

in one case, and the enormous development of the eye, in the other, are

usually sexual characters predominating in the male, but sometimes
found in both sexes. ]\Ir. Gorham has found tbat selected sx^ecies of

Lampyridai may be groui)ed under three categories, viz

:

1. Species with i)lumose antenn.Te, small or moderate eyes, both sexes

winged, light-emifting surface confined to one or more small spots

:

Lamprocera, Cladodes^ Testa, Lticidora, PhoenoUs, and Megalophikahnus.

2. Si)ecies in which both sexes are winged; light emitted consider-

able, sometimes greater in the 9 ; eyes large, sometimes excessive;

antenute simple, usually filiform : Cratoynorjjhus, Lucernula, Asjyidasoma,

Luciola, and Photiiris.

3. Species in which the female is apterous, or with rudimentary wings;
light emitted often very great in the female, and often only rudiment-

* Gorham (H. S.)- On the structure of the LanipyridfB, Avith reference tc their jthos-

phoresceuce. Trans. Entomolo(jkal Soc, Londou, 1880. pp. 03-67.
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ary tracfis of it in the male; antennse usually rudimentary ; eyes large

in tlie male, often excessively so, occupying nearly the whole head:

Pleotomus, Lamprophorus, Microphotiis, Lampyris, and Lamprorhiza.

(Condensed from J. R. M. S., vol. iii, pp. 777-770.)

POLYZOANS.

RELATIONS OF THE POLYZOANS.

The Polyzoans form a type which, in the early days of zoology, was

regarded as a class of the radiate animals. Subsequently Milne Ed-

wards and others agreed that the type was most closely related to the

Brachiopods, and subsequent investigation of the embryology of the

two types confirmed this view. The question afterward came up as to

the relationship of both these types to others. Until quite recently

it was disputed by no one that the Brachiopods were true molluslvs,but

when anatomical and morphological investigations had revealed so

many differences they were dissociated from the typical mollusks and

segregated with the Tunicates under the name MoUuscoidea. Later

Morse claimed that the two classes in question were more closely related

to the worms than to the njollusks. Professor Allman has recently

reviewed the condition of our knowledge of the endoproctal Polyzoa,*

and confesses that while he still supports the molluscan relationshii)s of

the type, he was nevertheless obliged to confess that there were features

in which it closely approximated the worms. Among the most signifi-

cant of these is the existence of a pair of symmetrically placed gland-

like organs which open on the surface of the body in Loxommu, and

remind one of the segmental organs of the worms. In 187- Professor

Nitzsch i)roposed to differentiate the Polyzoans into two groups, dis-

tinguished by the opening of the anal cavity in one case outside of the

tentacular crown, and in the other case within the same. The former

group was named Ectoprocta and included almost all the known forms.

The latter group was named Endoprocta, and was at first framed spe-

cially for PedicilUna, but subsequently it was ascertained that not only

Pedk-nUna but TJniatcUa and Loxosoma also exhibited the same char-

acteristic ; and Professor Busk has lately made known a curious form,

to which he has given the name Ascojmlaria, found in the voyage of

the Challenger in deep water. It is the Endoprocta, according to Pro-

fessor Allman, that exhibit the closest connection with the vermes.

Loxosoma, it may be added, is a parasite of Gepliya^eans, and attaches

itself so firmly to the host that before Loxosoma had been described Mr.

A. M. Js^ormaii was led thereby to attribute its crown to a Gephyrean as

tentacular appendages of the tail of that worm.

* Allman (G. J.)- Some recent additions to our knowledge of the stricture of the

Marine Polyzoa. Jour. Linn. Soc. Zool, vol. xv, pp. 1-8.
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BRACHIOPODS.

RANGE IN DEPTH OF LIVING BRACHIOPODS.

Mr. Thomas Davidson has examiued the collection of Brachiopods

secured by n. M. S. Challenger, and in connection therewith has enu-

merated all the existing- species of the class.* It was thought that

many novel forms would be obtained b^' the dredge from the dei)ths of

the sea, but this anticipation has not been realized. Very few new
species were found during the voyage of the Challenger, and noue rep-

resenting genera that had not before been known from representatives

living in waters of less depth. One hundred and thirty-six living spe-

cies or sub-species are recognized by Mr. Davidson, 125 so-termed "spe-

cies," and 11 "named varieties"; but, it is added by Mr. Davidson, the

number " will certainly have to be hereafter reduced." Not more than

31 species were obtained by the Challenger expedition, and out of 3G1

stations at which dredgings were made Brachiopoda " were brought up
38 or 39 times onlj ." The circumstances respecting the discovery of 107

of the recognized named forms have been ascertaiued, while "nothing is

known respecting the ranges of depths of some 25 or 2G so-called spe-

cies." Of the 107 species (or named varieties) some 57, or about half

the known species, were dredged at a depth of under 100 fathoms ; 20 to

25 at low-water mark, or from 5 to 10 fathoms ; and the remainder at

about 50 or 60 fathoms," or, to be more delinite, the status of our infor-

mation may be given in the following table:

Species.

From shore to 500 fiithoms some 98

or named varieties ; 12 of these range uji to 100 fathoms or less.

From 501 to 1,000 fathoms 16

Of these only one, Disceria Atlantica, would range from 690 to

2,400 fathoms.

From 1,001 to 1,500 fathoms 6

Of these Terebratuki icyviUii ranges from 1,035 to 2,000 fathoms,

the greatest depth at which any species has been found.

From 1,501 to 2,000 fathoms 4

From 2,001 to 2,900 3

Mr. Davidson concludes that " these facts indicate that the greater

bulk of known species live at comparatively small or moderate depths,

few in depths ranging up to 500 fathoms, and that Brachiopoda are

specifically rare at depths varying from 500 to 2,900 fathoms.

It is to be regretted that Mr. Davidson still clings to the names Clis-

tenterata and Tretenterata when exactly the same groups with the same
limits, and the same essential diagnoses, had received each several names
long before. If any objections are urged against those previous names,

* Davidson (Thomas). Report ou the Scientific Results of the Voyage of H. M. S.

Challeuger, dviriug the years 1S73-'7G. Zoology, vol. i, part 1. Report on the Bi'ach-

iopods. Printed by order of Her^ Majesty's Government, Londonj 1880.
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analogous objections can readily be devised against those adopted, and

there is nothing- easier than to devise objections when the mood impels

to seek for new names.

ANCIENT LINGULID^.

In the early days of Pakieontology the name Lingula was applied as

the generic designation of numerous species certainly related to the

living representatives of that genus but distinct in many respects. Of

late years, however, as is remarked by Mr. Whitheld,* "it has been

supposed by many that the Bi\achiopodous genus Lingula, as represented

by Lingula anatina Lamarck, a living species, was not represented

among the fossil Lingulidae of the older Paleozoic formations, if any-

where in rocks of paleozoic age ; and there has been a growing tend-

ency to class all Linguloid shells of these formations under other

names." While this is admitted to be correct in the main, by Mr. Whit-

field, he thinks that he has proof of a form congeneric with or at least

closely related to the modern species, in shells obtained from the Tren-

ton limestones of Wisconsin and Miunesota. He has carefully studied

the muscular and vascular scars of the shell as copied in their internal

casts, and thinks that " these markings correspond more nearly to those

of L. anatina Lamarck, than do those of any other Silurian or Devonian

species" which he ever examined, and, "although they do not exactly

correspond, still are as similar as one couhl expect in widely separated

species. The variations consist in the position of the various muscular

scars, and also somewhat in the lines of the pallial sinuses and in tlie

ramifications of their branches." Without going into detail it is enough

to reniark that there certainly seems to be considerable superficial

resemblance between the form thus signalized and the living rei)resent-

atives of the family. Nevertheless the homologies are far from being

as close as those which prevail in all the living forms, and which, not-

withstanding, have been diflterentiated under two distinct genera,

Lingula and Glottidia. In view of the great antiquity of the type,

however, even the resemblance, though not very close, is noteworthy.

Whether the resemblance is a generic one (using the word "generic" in

the restricted signification) is doubtful.

GASTROPODS.

A NEW TYPE OF MOLLUSKS.

A most singular type of jMollusks, and one finding no place in the

current works on conchology, is the genus Ncomenia of Tullberg {Solcno-

inis D. & K.). This is the representative of not only a distinct family

(Neomeniidce) but of a group which stands so lar apart from all others

*Whitliel(l (R. P.)- On the occurreucc of the true Lbujula iu the Trentou Liiue-

sloues. Am. Jour. Science (3), vol. xix, i)p. 472-475.



358 ZOOLOGY.

as to leave even its relationship a matter of discussion. G. O. Sars dis.
tinguishes it as a group (Telobrancliiata) of the Opisthobranohiates
co-ordmate with the Tectibranchiata and Xudibranchiata. H von
Ihering- differentiates it as a class of ^'Yermes—Phylum Amphineur-i "
the Chitons forming another class. E. Eay Lankester isolates it still
further, considering it as representing not only a class (Scolecomorpha)
but a primary group (Lipoglossa) of Mollusks having no affinity to the
Chitons. A new form of this group, exhibiting characters, too, deemed
wanting m the type, must be of unusual interest. Such is the speciesmade known as Proneomema muiterl* Like Neomenia, Proneomenia is
worm-like and subcylindrical, but unlike that form it is provided with a
distinct though small radula. Two specimens of the species were
dredged by Dr. Sluiter in the Bareut Sea.

REGENERATION OF PARTS IN GASTROPODS.
Long ago Spallanzari and afterwards Schaffer experimented upon the

regeneration of parts in snails, but this subject has since l>een much
neglected. Eeceutly Mr. Justus Carriere has reinvestigated the cpies-
tionf, and has found, like his predecessors, that the tentacles, with the
eyes and the labial processes in tlie gastropods, can be completelv
regenerated. On the other hand, when the pharynx or supra-oesopha-
geal ganglion is cut out death ensues. Mr. Carriere took all precau-
tions m his investigations, and all the conditions to insure accuracy
were fulhUed, that is, with respect to the health of the animal the
parts removed, &c., for a different result would ensue if the animal was
taken when its energy was concentrated in the formation of generative
products, and it was therefore found that a season of rest, as at the
beginning of summer, or the autumn season, was the most satisfactory
time. The individuals experimented upon represented common Euro-
pean species of Ildix. Those that gave the most satisfactory result
were^e^*^ nemoralis and R. hortensis; H. pomatia was more sensitive
and H. arhustarum and U.fruticum the least capable of reproduction of
parts.

In the case of the eye it was ascertained that the method of reo-ener-
ation was analogous to that of the first formation of the organ Tlierewas an invagination of the epithelium, the formation of a closed vesicle,and the primitive cylindrical cells became i)artly converted into corneal
(Jells, and partly into rods and cones. The time required for this re-
generation was fifty or sixty days.
Experiments were also instituted with respect to the aquatic pulmon-

ates but the results were less satisfactory on account of their liability
to attack by fungus in the wounds.

fc^Z ^"« ^^em Eismeer. Zool. An.ei.er, iii Jabrg., pp. r,89-590, 29 Nov., 1880.

rlr. 7Ti V, f R<^Seneration bei den Land-Puhuonaten. Ta.jhlatt der 52
» as. deutsch. 2\aturf., pp. 225, 22o. 1879.
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GASTROPTERON AND ITS RELATIONS.

A remarkable form of gastropod mollusk, which was at one time sup-

posed to be a Pteroi>od, has uow been well ascertained to be a Tecti-

branchiate and most closely related to the Bnllidea. In general form it

has, in fact, considerable resemblance to a Pteropod, and the shell is so

small and immersed that it was not detected until Krohu found it in

1800. The shell resembles somewhat that of a Carinaria in form, and is

quite translucent: it is found in the hepatic region near and somewhat
behind, but a little to the right side of, the anus.

Mr. Vayssiere has investigated the anatomy of 'this form, and has

reached, in respect to its relation, some conclusions dilfering from his

predecessors.* He regards Gtustropteron as the type of one of two major

groups, into which he would divide the Bullidea, most of the forms of

that type constituting the second groui).

In this tirst group represented by Gastropteron the parapodia are

largely develoi)ed : a small uautiloid shell is contained within the

mantle; and the €esoi)liageal collar is constituted b}^ a i>air of cerebral

ganglia, a pair of pedal ones, and six visceral ones; the visceral ganglia

are distributed in c<]ual number, three to the right and three to the left.

In the second division the parapodia are rudimentary ; the shell well

developed and generally external; and there are oidy three visceral

ganglia, two of which are on the right and one on the left side.

It is observed also that Avhile in Gastropteron the genital nerve arises

direct];^ from the coumiissure without the intermediation of any gau-

gliouic enhirgement, in the other forms the corresponding nerve always

arises from the larger of the two left visceral ganglia.

LIVING PLEUKOTOMARIIDS.

Amoug the most interesting of the mollusks is the genus Pleuroto-

maria. This genus was for a long time su])posed to have become entirely

extinct, but iu 185G a species was discovered at the island of Guade-

loupe and named by Fischer and l^iiviidvyiiricurotomaria (Juoyana. Sub-

sequently a specimen of a second species was also obtained and described

under the name of Fleurototnaria Adannoniana in 18G1. In 1880 further

information respecting the development of the genus was obtained. A
second specimen of P/eMroto?»ttria Adansoniana (91 millimeters wide) was
found in the " grand cul de sac de la Point-a-Pitre," Guadeloupe, at a

dei)th of 150 fathoms, and two new si)ecies were obtained in the Eastern

seas. One has been described by Hilgendorf as Pleurotomaria JJeijrichii,

Irom a specimen obtained iu Jai)an. Another has been made known as

Flvurotomaria Rumpjii by Schepmau, and the si)ecimen on which it was
based (a very large one, having a maximum diameter of 100 millimeters)

was found iu a collection of shells from the Molucca Islands belougiug

* Vayssiere. Eeehcrclies £iuatomi(juea sur les mollusques tie la famille dea Bullides.

Ann. Sv. JS'at., ZooL, (0,) vol. ix, No. 1 (G4 pp., 3 pi.).
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to the Zoological Garden of Rotterdam. It is uoteworthytUat these

.leloupe (P. (fmyana) a„d one of tbe eastern (P. Be«ricmt''LTL

..mbmcns. while the other two, Pleura,.,Jia AiLZl^^Z! PB»,m are deeply nmWlieated. The soft parts of Ple,.roZX J^et,ll nnkuown, although we may hope that oar aequaintance w hTformso interesting may not be much longer deferred in«^,„„„i,t
specimen of P. Quo,ja,u,. was obtained1,y liofeio A^^ott tVe h""!
ot- Barbados (at a depth of 120 fatho4),aiK,t ntw i ^ti: M^"'Comparative Anatomy at Cambridge. (See Hilgenbopp i. «T
berichte der Gesellschaft Naturf fJcuik eZ BeZ™"rp" > tZ'MAN ,n Tijdschrift Nederl. Dierkund. Vereen.? vol i

'

18
9 ' iT'

2^Z^
F:sh.k in Journal Conchyliologie; (3,)' vo'l. '.^'pl^ t^^

DENTITION OF MAUGINELLOID MOLLUSKS.

The contour and development of the shell of Marainella i. nn,>P ohn
acte.stic, bnt nevertheless there are now In^ow^ ^t^t^^^e't 'l ";"
dentition represented by forms possessing- decidediv simdar . . fi i
If the Eratoina^ are considered, we have a fifth

'
'"^

ww'^'f
generally known, most of the species have a single central

th„seoftheMnricin.,h:ingthicU,r„'nr::d»L7^tl';:;"(^^

(3.) Towards the end of the year 1880 a third type was found to beepresented by what ha. been called P.«^„„a„,,-JL /J2«r"lwbJhas been also by .some (but erroneously) identii'ed with thf
'

if ,f«.,» Of Eastern Africa. Shells Ji iT:^^ wL sSL^Senegambia, and the species was ascertained to have the teeft arrayed

o hr„;tf «'"""7' ™"^' d-l-'). »'t their form very "riar

thrle cufps
''™""'"^^' '""^ '^'^^' '-^^ •'«"»- "-^^ -'1 arn.ed With

(4 )
A iburth marginelliform type has also teeth in three series

«at\rnrroTtt:Th::':;i:-^^^^^^^^—
ly regarded as a true m'ember^ oHlXXIr^^.ritV'Z



ZOOLOGY. 361

The manifestation of such different types of dentition by forms hav-

ing the same kind of shell will render a re-examination of the other

parts of the animal necessary before it can be definitely accepted whether

they are distantly related, as the current views respecting the value ot

dentition would imply, or whether they are closely connected, as the hke-

ness of their shells would suggest. In this connection we may refer to

the similarity of the shells of the Mitridie and Turritidie. While it is

not safe to assume that the animals so distinguished are closely related

on account of the similarity of their shells, there is enough at least to

challenge doubt, which can only be settled by further investigations.

(See Crosse & Fischer in Journ. Conchyliologie {3,) vol. xx, p. 375,

1880; and Justus Carriers (Die Gattung Pseudomarginella v.

Maltzan), in Zool. Anz., vol. iii, pp. 037-G41, 27 Dec, 1880.)

CBPHALOPODS.

THE ARMS AND SIPHON OF CEPIIALOrODS.

A number of attempts have been nuule to homologize the arms and

siphon of the cephalopods with the structures of the gastropods, but

the identifications have not been entirely satisfactory. Professor Loven,

as early as 1848, regarded the cephalopod arms as a persistent

velum. Professor Huxley considered that they represented the gastro-

pod foot, and the siphon was regarded as answering to the epipodial folds

of the embryonic gastropod. Dr. Grenacher, however, showed that the

foot of the gastropod is an unpaired structure, and therefore could not be

homologous with the arms, which develop hi pairs, and, like Loven, he

considered that the arms represent a modified velum ;
the foot was

deemed to be entirely wanting, while the siphon was regarded as the

representative of the epipodium. Dr. Von Ihering contended that the

arms are tentacular appendages to the body, and that they have no

equivalent in the gastropods. The innervation of the siphon from the

pedal ganglion led him to identify the siphon as the foot, and he urged

that the valve of the siphon is a true foot or protopodium, and the two

lateral folds pteropodia.

In 1870 Mr. J. I. Blake entered upon a comparison of the cephalopod

and gastropod structures with reference to their relation to the nervous

ganglia and the- flexure of the intestine.* Premising that the ciliated

bands constituting the velum had been shown to be traceable "from one

class to another—sometimes in the larva only, and sometimes as an

adult organ "—he concludes as follows :
" In the primitive condition they

formed a circle around the oesophagus, and as often as not are thrown

out into long processes ; with a change in the direction of the intestine

their uniformity is broken and part dies away, while the other part is

left, forming a circle surrounding, not the cesophagus, but a portion of

the body on one side of it, the foot being on the other. Since, then, in the

gastropoda the intestine turns to the cerebral side, we have the "velum"

* Blake (J. F.). Ou the Homologies of the Cephalopoda. Ann. Mag. iVaf. Hist.

(5,) vol. iv, pp. 303-312.
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formed on that side; whereas iu the cephalopoda, the flexure being on

the opposite side, we have what we may call the anti-velum on the pedal

side. Thus the arms are homologous to the opposite portion of the

architroch to that which forms a velum, and merely afford another in-

stance in which these primitive formations are retained as functional

organs. Moreover, from within the circle of the embryonic velum rise

np in some gastropods two long retractile tentacles in like manner
from within the later-formed circle of the anti-velum rise up the two
retractile tentacles of the decapods." The funnel is conceded to be
homologous with the epipodium, and the valve in the funnel it is sug-

gested "may represent" the foot, although this "must be doubtful."

Dr. Brooks has also treated of the same questions, and studied

the development of the common squid {Loligo Fealii).* lie recalls

that the molluscan foot is an unpaired structure on the ventral surface

of the body between the mouth and the anus ; that in the embryo a large

sinus space separates the integument of the foot from the endoderm and
its derivatives ; and that this space contains blood corpuscles ; that the

embryonic foot, iu fact, is a circulatory organ. The yolk sack of the

cephalopod is sej^arated from the yolk by a corresponding sinus space,

and as the integument is rhythmically the fluid which fills this space is

kept in constant motion. Physiologically then, as well as in its posi-

tion, the yolk sack of the squid resembles the foot of the gastropod, and
consequently it is contended that we find in it the homologue of the foot.

He concludes that as a locomotor organ the foot of the cephalopod has

been suppressed by the great development of a food-yolk at the point

where it should have been found." As to the siphon, this originates as

two pairs of folds of the integument of the lateral walls of the body, and
if we regard these four folds as homologous with the ei)ipodial folds of

a gastro})od, the arms must be regarded as independently acquired

structures. It is finally inferred that neither the exact equivalent of the

arms nor of the sii)hon is found in the gastropods, but that these parts

of the cephalopods have originated from a very generalized condition

and become developed as specialized organs peculiar to the class ; con-

versely, the foot of the gastropods is represented by no specialized struct-

ure in the cephalopods.

COMPAEATIVE STRUCTURES OF THE TETRABEANCHIATE AND
DIBRANCHIATE CEPHALOPODS.

As a part of his studies on the "homologies of the cephalopoda," Mr.

Blake has examined into the structures which seem to correspond in the

nautiloids and cuttle-fishes. The tetrabranchiates are undeniably a

more primitive and generalized type than the dibranchiates, and in their

adult condition exhibit characteristics which are transitory in the other.

Thus (1) iu the nautilus the funnel is divided, and so it is in the embryo

* Brooks (W. K.). Homology of the Ceplialopod Sipliou aud Arms. Am. Jour. Sci.

(3), vol. XX, pp. 288-291 ; also, The Development of the Squid Loligo Pealii (Lesereur)

Anniv. Mem. Boston Soc. Nat. Hist.
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cuttle-tish, but iu the old it is a single tube; (2) in nautilus the eye is a
simple cavity opeuiug externally by a minute aperture, as is the case iu

the embryo cuttle
; (3) iu nautilus the auditory orgaus are close beneath

the eyes, and so they are iu the embryonic cuttle, but in the mature
dibranchiates they have approximated on the ventral side

; (4) in nau-

tilus the tentacular and labial processes are more or less flattened and
lie one within the other, and in analogous manner in the dibranchiates

the arms rise as broad Hat processes, one pair within the others. Mr.
Blake contends (with Valencdennes) that the processes (six or eight)

from which the tentacles originate in nautilus are homologous with the

arms of the cuttle-tishes, and that the tentacles are homologous with the

suckers. The aptychus-bearing "hood'- of the nautilus may be homolo-

gous either with the anterior i)ort of arms of the dibranchiates (the ar-

gonaut thereby secretes its shell) or with the "neck-plates" just behind
the eyes and in front of the "bone" of Scjnd, or the generalized basis

of both; but this the embryology of nautilus must determine. The shell

of nautilus it is thought may be represented in the dibranchiates by
the shell of Sjyindd, the phragmacone of a Belemnite, and the nuicro of

a Sepia-bone. The ink-bag which is developed late in the embryological

history of the cuttle-fishes does not exist at all iu nautilus.

THE CEPnALOPODS OF EASTERN NORTH AMERICA.*

In the earlier works upon the moUusks of the eastern (;oast of Xorth

America only three or four species w^ere recorded, aud until within the

last few years that coast was supposed to have few inhabitants repre-

senting that class. Since the institution of the labors of the Fish Com-
mission, however, a number of new forms have been made known, and
some of' them represent new genera. Among the most noteworthy are

species of gigantic cuttle-fish, of which quite a large nundjer of speci-

mens have now been discovered iu various places on the Great Banks,

and around or near the island of Kewfoundland. The following are

all the species that have been made known as inhabitants of the north-

eastern coast of the United States to the end of 1880.

Decapods.

Arch iteuthis princeps Y. Eossia Hyatti Y.

Uarveyi Y. sublccvis Y.

Stlienoteutliis mcgaptera Y. Sepiola leucoptera Y.

Ommastrcphis illieehrosa (Les.) V. Logilo Pealei (Les.) V.

Tuonius pavo (Les.) Steenstrup. pallida Y.

hyperhorcus Steenstrup. Parnsira catennlata (Fer.) Steen-

Hlstioteuthis ColUnsii Y. strnx).

CalUteuthis reversa Y. Hcteroteuthis tenera Y.

* Verrill (A. E. ). Syuopsis of tlio Cephalopotlii of the iiortlieastern coast of America

;

brief Contributious to Zoology from the Museum of Yale College. No. XLVi. With
Y)lates XII to xvi. Am. Journ. Science, (3), vol. xix, pj). 284-JU5. Also, notice of the

remarkable Marine Fauna occupying the outer banks of the southern coast of New
England. Am Journ. Science, (3,) vol. xx, iij). 390-41)3.
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OCTOPODS.

Ootopu, BairdH V. Octopm leMns V.
p««to™,„ V. StauroteutUs „jrteMis V.
"'"*'"'' ^- Alloposws mollis V.

VEETEBRATES.

NOjnSNCLATURE OP LIMB SEOMENTS.
In connection with an article on the lohtbyosaurian Sauranouou (snbsequent y renan.ed Baptanorton),. Professor Mar.sh l,a« piCseT. netB0.nenclature for "the corresponding segn,ents alike ^ ItlUic"ana posterior hmbs of the air breatliing vertibrates." Becallm" thaithetcruis "phalanges" and " metapodials" had already been^pMand obtained general currency for the distal segments ho pronosed tocomplete the nomenclature as follows

:

s-^euts, ne proposed to

Propopodial bones H™r:; ^^''-

THE SEMICIECULAR CANALS OF VERTEBRATES.

Dr. Francis Dercum h,as investigated the morphology of the semic rcular canals n, the vertebrates.t He recalls the feet that the s rn tu eof tl^e mucous canals and of the sen,icirc„lar canals is verv si „ Hr ,s

^t^^^lT':^''^'^'^'^'^- "-"ingthisana'gy a:
oX ::xfa':ivzx x-rsTrur-r:- :i:

tT^r ! ?, !? ^^ ^ ^^°^^^^ apparatus for the ,.erception of vibr-i

:^^:r^^:tr---r:c^^^^
elTb

""^ ''™T ^"^ ease with the lateral can Is d he ea

tl,r r„
'

^ '^
"'*"" '" ^«"«»«te does not take place until

a^e^^rntaLtfLrthattr ''^''''
'T

compleliorofts'
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iuto its two layers, both imply that the side organs had for ages ex-

isted as mere " nerve hills," or nerve epithelium, projecting into the

water, and this renders our idea not only possible but probable. In

the course of evolution of the ear, the first dilierentiation of structure

that occurred may have been as follows : Certain of these areas of

nerve epithelium or sensory macular may, for functional specialization

have become inclosed in canals. Xow, for still greater specialization,

the whole area containing the canals, with perhaps one or two maculfe

not yet inclosed, may have undergone a general i)rocess of involution,

and thus given rise to the vestibule and semi-circular canals."

FISHES, ETC.

NOTEWORTHY WORKS, ETC.

The classes of Leptocardians, Marsipobranchiates, Selachians, and

Fishes are still so generally considered together under the old designa-

tion of Ichthyology that it is convenient in i)ractice for the present at

least to recognize this grouping. The number of men deserving of scien-

tific consideration who would now refuse the term of classes to at least

three of those groups, however, is very small.

Among the general works on " Ichthyology," thus understood, that

have been published during the past year or two, are "An Introduction

to the Study of Fishes," by Dr. A. Giinther, and parts relative to Ich-

thyology of the general works on natural history of Brehm's "Allge-

meine Kunde des Thierreiches ; and CasselFs Natural Uistory (by H. G.

Seeley). The infiuence of Dr. Gunther is exhibited not only in his own
work, but in the others noticed, and it is with regret that we have to

add that infiuence has been for evil and to propagate and continue in-

definitely some of the most unsound ideas and systematic essays that

have emanated from any worker in zoology.

The geographical distribution of fishes in general has been treated of

by L. Tillier. The species collected by the Challenger expedition have

in part (the shore fishes) been enumerated, and the new ones described

and illustrated, by A. Gunther ; Arctic species have been reported on

by E. Collet, C. Llitken, and T. Bean ; IsTorth American species have

been described by D. S. Jordan, C. H. Gilbert, G. B. Goode, E. D. Cope,

W. N. Lockingtou, «S:c.; those of South America by F. Steindachuer

;

Australian species by Castelnau, H. Jouan, C. B. Klunzinger, &c.

;

African species by C. Dambeck, «S:c.

The transformations which fishes undergo after exclusion from the

egg have been studied by C. Lutken and C. Emery.

The temperature of the blood in a considerable number of species has

been ascertained by J. E. Kidder. His observations are noteworthy on

account of the modifications which they necessitate in the statements

respecting these animals current in the books.
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The anatomy of fishes has received attention from many investigators,

among whom are Olga Metschuilvoff, M. von Davidoff, and G. Swirski,

wlio liave treated of the shoulder and pelvic girdles iu wliole or part ; A.

Cisow, who has studied the ear; G. Carlet, who has examined the scales;

and M. Ussow, who has sought to explain the function of the "eye-spots"

on the sides of scojielids and other types ; Ad. von La Valette St. George,

who has elucidated the adipose fin, and J. E. V. Boas, who lias dissected

the heart and contiguous parts iu Butirimis and related fishes.

Certain groups have also received special attention. Omitting all

reference to work on the Teleosts, Petromyzon has been anatomized by

E. Weidersheim and J. E. V. Boas; the Selachians have been investi-

gated by G. B. Ercolani, C. Hasse, S. M. Garman, and H. Eabl Euckhard;

the osteology of Polyodon has been described by T. W. Bridge, and the

embryology' of Lepidosteus by A. Agassiz. Fossil fishes have been

described by E. D. Cope, J. W. Davis, and E. H. Traquair.

OKIGIN OF SOUNDS PRODUCED BY FISHES.*

Many fishes are known to emit sounds of various kinds, and among
those inhabiting the United States are the drum-fish and other sciiie-

nids as well as the catfishes. As to the drum-fish a recent writer (Dr.

Giinther, " Introduction to the Study ofFishes," p. 427) has assumed that

"a tremulous motion" is communicated to vessels, and that the noise is

probably "produced by the fishes beating their tails against the bottom

of the vessel in order to get rid of parasites." This remarkable hypoth-

esis renders exact observations noteworthy. The subject has received

attention from several naturalists, and among them Mr. W. Sorensen,

who has communicated to the French Academy of Sciences an abstract

of a memoir which is to be published iu full iu the " Naturhistorisk

Tidsskrift," of Copenhagen. Mr. Sorensen's observations were made on

South American Characinids and Silurids. "The sound is produced by

the action of the muscles which are inserted either directly in the swim-

ming-bladder or upon the transverse apophyses of the third vertebra.

In the Characini the elastic parts of the swimming-bladder are stretched

in the direction of their length by the contraction of the muscles, and
the vibration that results from this rhythmic movement is transmitted

to the air contained in the cavity of the swimming-bladder. In the

Siluroids the anterior i)ortion of the swimming-bladder is drawn alter-

nately forward and backward by the contraction and relaxation of the

muscles. During these movements the air in passing across the incom-

plete transverse septa sets the latter in vibration, and the sound is pro-

duced. The height, or rather the depth, of the sound is in direct propor-

tion to the rapidity of the vibrations of the springs,"—the" springs"

being the transverse apoi^hyses of the vertebme.

* Sorensen (W. ) On the Apparatus of Sound in some Soutli American Fishes. Ann.

MaQ.Xat. Hist, (5,) vol. iv, pp. 99-100. (From Compies Ecndus, May 19, 1879.)
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THE FUNCTIONS OF THE AIR-BLADDER.

The physiological relations of the swimmiug-bladder of fishes have

been considered by Professor Marani>oni, in a special commimicition to

the French Academy of Sciences.* Some of the views enunciated were
quite novel; whether they are entirely tenable remains to be seen. (1)

It was contended that one of the principal results of the development

of the bladder was exhibited in the migration of fishes; those destitute

of that organ do not leave bottoms of little depth where there is tepid

water, while those possessing it, which live in deeji, cohl water, i)eriodi-

cally seek the warmer surface water to deposit their ova. (2) If living

and dead fishes are placed in a vessel three-quarters full of water, and
the air be then compressed, it is seen that the dead fish fall downward
while the living ascend toward the surface, but if the air is rarefied the

contrary is the result. They suffer from the passive influence due to

hydrostatic pressure, and when brought from great depths the bladder

is often ruptured. (3) The deveh)pment of the bladder entails on the

fish a double instability : («) that of level, and {b) that of position, {a)

A fish with its bladder adapted to the conditions existing at a certain

depth may, through variation in pressure, be forced either upwards or

downwards, and is thus in unstable equilibrium as to level, {b) The
bladder being in the abdomen below the vertebral column, the centre

of gravity is above the centre of pressure, and the animal is consequently

constantly liable to inversion, and such inversion, in fact, results Avhen

inaction or death supervenes. This two-fold instability compels fishes

to a constant gymnastic movement, and probably tends to conserve

their strength and agility.

TEMPERATURE OF FISHES.

It has been generally asserted that tlie temperature of fishes was little

above that of the surrounding element, except in the case of certain forms,

such as representatives of the mackerel tribe—the tunny, bonito, &c.

—

which have been stated to have a temperature of OO^ F. when the surround-

ing medium was 80.5^. This statement has, however, been challenged,

and Dr. Kidder availed himself of the opportunities offered him whde
attached as surgeon to the United States Fish Commission steamer in

3879, to institute investigations upon the subject.f All the observations

previously made, according to Dr. Kidder, had been confined to the intesti-

nal canal, the thermometer being placed into the rectum or oesophagus.

It is, however, by no means in either extremity of the intestinal canal

that we should look for the body temjierature of a fish. In point of

fact the experiments show clearly enough that the rectum temperature

*Maraiigoni (C). Fonctions de la Vessie Natatoire cTes Poissoiis. Comptcs Eend.

Acad. Sc, Paris, t. xc, pp. 1293, 1294.

t Kidder ( J. H. ). Report of Experiments npou the Animal Heat of Fiahes, &c. Proc
U. S. Xaf. Mus., vol. ii, pp. 306-326, 1879.
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rarely exceeds that of the water iu which the fish swims by so much asa degree, " so that it may be quite safely taken as an index to the latter
temperature when there is no deep-sea thermometer at hand "

The experiments of Dr. Kidder were made not only in the rectum and
stomach, but in various parts of the muscular tissues, the large venous
trunks, the cavity of the thorax after opening the heart, the interior ofthe hear

,
and branchial artery, and theyouug fish in theovary. Althou^^h

Dr. Kidder admits the results to be only tentative, he considers thltenough has been ascertained to show that fishes do develop animal heatby their own vital processes in the same manner, but in a less deo-ree
as do the higher vertebrate animals, and that they will be found to mani-
test a temperature much above the water in which they swim Thetemperature, however, varies according to the organization ami the
species. Thus the dog-fish (Squalus acantMas), in common with othersharks," possessing a far more perfect digestive and circulatory sys-tem than the cod, shows a much greater excess of blood tempera-
ture above that of the surroun<ling water; and cod taken at the Tpthof lo fathoms in water at 52o p., show a less excess than others takenm 25 fa homs at 41o F., but a greater excess than blue-fish (Pol«tomus saltatn. (Linn.) Gill) taken at the surfiice, at G9o and TOo^wMch
IS presumably nearer the normal temperature of the last-named fish "

bv DrKiTr'' ^'^'!'i
""l'^.^«^^«°^ 1<5 species, were experimented upon

the^ol'ln
' '

''''"^ '''' '^""^™ ^^"^^ ^"^i^^^^'^^t observations,the following is a summary of the results

:

'

Fish.

Cod
Haddock
Pollock...
Hake
Blueiisli

Do ''.'.'.['

"Tinker" mackerel
"Tinker,^' S.Dekayi...'.
Sculpiu
Sea-raven
Eelpout "

] ]

Flounder
"

Dogtish ....'.

Dogtish, young in ovary

Degrees,

39-42

42
42
73.2
70.5
65
60
60
70.6

Temperature Temperature
of rectum of circulation

above water, above water.

Degrees. Degrees.

42
42
42

0.98
1.3
2.4
2.4
0.25
0. 5

4.1

Eemarks.

0.8

4.4

4.63
5.3
4.5
9.8

*1.55
tl.7
5. 25
2.3
3.2
4.4
6
3

12

20.6

Spawning.

"Thorax."
Do.
Do.

Stomach.

' Below.
t Above.

THE OVARIES OF TELEOST FISHES.

nf^r
^'

f'""^^"
^'!'' iyestigated the anatomy and histology of the organs

iJo^k^nLch;!"
''"*''°" '" ^"'''"" ""^' '^^^*«^«°^- •I- Gescm^^ttso^^s^^^,
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female organs were found to present a number of varieties in the distribu-

tion of tlie eggs upon the surface of the lamella?. As these differences

will prove of interest to the systematist and pisciculturist, the analytical

table classifying them is here reproduced.

A. Ovary without duct.

1. Ovary consisting of a simple lamina {AnguiUa).

2. Ovary consisting of numerous lamiute [Salmonidw).

B. Ovary with duct.

1. Ovigerous surface confined to a narrow strip of the wall of the ovary

or forming a duplicature of the wall, with which it is in con-

nection by narrow stripes {Scorpcena, &c).

2. Ovigerous surface occupying the greater part of the ovarian wall.

a. Ova originate in irregular processes of the wall {Lopohhran-

ehii, &c.).

b. Ova originate in definite lamelhe or duplicatures of the ovarian

wall.

1. Lamelhie parallel to long axis of ovary.

a. Whole wall of ovary beset with lamellte: canal central

{iSargus, Scomher^ &c.).

h. Part of wall of ovary devoid of lamelhe; canal lateral

(not yet observed).

2. Lamella} parallel to transverse axis of oxary.

a. Ovarian canal central {Perea, Chipea, &c.).

h. Ovarian canal lateral {Gyprinoid,s).

THE FLIGHT OF FLYING-FISHES.

The characteristics of the flight of flying-fishes have been much dis-

cussed and have given rise to a considerable controversial literature.

In 1878, Prof. Carl Mobius re examined the question from an anatomical

and physiological as well as an observational basis, and gave his views

in quite an elaborate memoir.* Both the Exocoetiues and Dactylop-

terines were considered. As a result of his studies Professor Mobius

came to the conclusion that the pectoral fins are not at all actively

employed during flight; that the fishes " do not raise themselves, but

are passively raised by the ascending currents of air, which are caught in

the grooves on the under surface of their pectoral fins." It is admitted,

however, that either an exocceius or dactylopterus may " make powerful

and plainly recognizable movements with its tail and pectorals during

its ascent (out of water), and even occasionally in the middle of its course,

if prompted thereto by a strong wetting of the body by the waves." These

opinions have been challenged lately, and have provoked several com-

munications.

Mr. C. O. Whitman t made special observations in the flight of JExocceti

* Mobius (Carl). Die Bewegungen der fliegenden Fisclie durch die luft. Zeitschrifi

fiir icissenschaftliclie Zoologie, vol. xxx ; Supplement, p. 343.

tWhitman (C. O.). Do Flyiug Fish lly ? Am. Xat., vol. xiv, pp. G41-654.

S. Mis. 31 21
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ilurmg-a voyage from San Francisco to Yokohama, and maintains (1)that he saw them out of water " when the air was almost motionless " and
that,m fact, they were not mnch, if at all less numerous on such occasionsthan when there was a moderate wind"; (2) that the flapping move-ment IS quite regular and very rapid ; and (3) that this movement -may
he confuiued^^ for the whole or a part of the flight, but is generally discoltmned after the first few rods, and the course completed by a pui^skimmmg or sailing movement." It is further claimed that - the course
of the flight IS generally in a straight or curved line," but is sometimesabruptly changed^

^
apparently by the aid of the tail,'' or rather hetw

lobe of the caudal fin. The average flight, it is thought, -does not per-haps exceed fifteen seconds, nor extend ahoxe four or five hundred feet"-the longest observed "lasted not less than forty seconds, and its extent

Prof ]). S. Jordan also carefully examined the flight of an -Ea^occetus
{1. cakronucus) m the waters of Southern California.* He observed itbest in early morning when both air and water were free from motion."On rising from the water the movements of the tail are continued forsome seconds until the whole body is out of water. While the tail is inmotion the pectorals are in a state of very rapid vibration, and the

and ^entrals are spread, and, as far as we can see, held at rest. Whenthe hsh begins to fiill, the tail touches the water and the motion of thepectorals recommences, and it is enabled to resume its flight, which itfinally finishes by falling in the water with a splash." The flight wasthought to sometimes extend to "nearly a quarter of a mile."

AFFINITIES OF PLEUEACANTHUS.f
In the Carboniferousand Permian deposits have been found the remains

of fishes described under the name of Pleuracanthus, whose affinitieshave been involved in considerable doubt. They have been mostly re-ferred to the Selachians, although suggestions have been made thatthey may belong rather to the Teleosts. The question has lately been

tTatTov l"
'" ^'"" '^' '''^^^^^' ^^^ ^^ ^- --^ t« t^^ --^u«^o"that the:^ claim a nearer relationship to the Teleosts than to the Elasmo-branchs, although there is equal reason to believe that they possessmany characteristics in common with the Sharks and Pays and he

The tw^'Ti:"!^ l^l^^^*^^,r- - - intermediato positio'n' betweenhe two. The affinities he thinks are decidedly on the side of the Silu-

Zt''o-r./
'' reasonable, he thinks, to consider them as forerunners ofthat great group of fishes.

_

'^ It remains," he says, " to be seen what were the successive steps in

"^^^^^i^^^ pp. 804, 805.

4:^^.^i:j:i,;t^^;r3:s^:^""^^^^ - *^^ -- —ant... .«„.
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developmeut which bave resulted in the completely ossified and highly

organized Siluroids now existing."

xWe give these results of Mr. Davis' investigation on account of the

importance of the question involved, but it seems best to add that there

can be no close relationship between the Teleosts and the Selachians,

and that the question as to the relationship of the palaeozoic fishes can

only be ascertained after the examination of specimens in a far more

satisfactory condition than any that have yet been found.

THE PLATYSOMIDS AND PAL^ONISCIDS.

Tu^o of the most frequently occurring groups of fishes occurring in the

l)aleozoic formation are the Palaeon isci dee and the Platysomidae. The
affinities of these types have been but little understood heretofore, and

Dr. R. H. Traquair has therefore been led to a re-examination of the

subject.* He has reached the following conclusions:

" 1. That the Platysomidae are specialized forms, which have, if the

doctrine of descent be true, been derived from the Palaeoniscidae. Their

structure presents us simply with a modification of the Palieoniscoid

type; and wherever the Paheouiscida) are placed in the system, thither

the Platysomidee must follow.

"2. The resemblances between the Platysomida; and the Dapediidie

and Pycnodontida3 are mere resemblances of analogy and not of real

affinity. The Dapediidae are related not to the Palseoniscidaj or Platy-

somida?, but to the other semiheterocercal Ganoids of the Jurassic era

(Lepidotus, &c.) ; and the Pycnodonts are higly specialized forms, whose

general affinities point in the same direction."

Professor Traquair concludes that the Palaeoniscidiie and Platysomidie

belong to the "Acipenseroid sub-order of Ganoids."

The characters ascertained to distinguish the Platysomidaj and Pal-

jeoniscidae scarcely appear to warrant the conclusions of Professor Tra-

quair. Professor Cope, indeed, has been led by the consideration of

Professor Traquair's studies to a very difl'erent result, and one approx-

imating, apparently, more to nature. Cope t has proposed to differentiate

the forms in question as representatives of "a distinct group of the same

rank as those [he has] called orders," and given to it the name Lysopteri.

They are defined as "actinopterous fishes, with the median fin-rays not

joined to the interhaemal and iuterneural bones, and not coinciding with

them in number] and without suboperculum."

ON THE SEXES OF THE EELS.f

As is generally known, the subject of the reproduction of the eels was

* Traquair (Ramsay H.)- The PlatysomidjB. Ann. Mag. Nat. Hist., (5), vol. vi, pp.

97, 98. On the Structure and Affinities of tlie Platysomidie. Trans. lioij. Soc. Edin-

burgh, vol. xxix, pp. 343-391, pi. 3-6.

t Cope (E. D.). Traquair on Platysomidai. Am. Nat., vol. xiv, pp. 439, 440.

t Cattle (S. Th.). Ueber die Geuitalien der uiiinulicheu Aale und ihre sexual Untei--

Bcheide. Zool. Anz., vol. iii, pp. 275-279. (On tlio Genitalia of male Eels and their

sexual characters. Proc. U. S Nat. Mus., vol. iii, pp. 280-284.)
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for a long time involved in obscurity, but many data have been accu-

mulated within the last few j^ears, and now we have the elements for a

pretty satisfactory determination of the sexes. The ova and m ilt have

been found by several investigators, and the last statement is that the

individuals of the two sexes may be distinguished by external character-

istics. In the female eel the snout is comjiaratively narrow, and a very

considerable size is sometimes attained. In the male eel the snout is

notably broader, and the length attained rarely exceeds 19 or 20 inches.

The eggs of eels when mature are only about one-tenth of a millimeter

in diameter, and there are several millions in the ovary of a moderate-

sized individual. It is now well determined that they go to the sea, and

there the sexual organs are developed, and in comparatively deep water

the ova are deposited and fecundated. The young in due time ascend the

rivers. The eel is thus an example of a catadromous fish—that is, one

descending from the fresh water into the sea to breed ; and thus contrasts

with the salmon, shad, &c., which are anadromous—that is, ascending

from the sea into fresh water to breed.

PLEURONECTIDS WITHOUT PECTORALS.

As is well known, some of the Soleids are more or less deficient in

pectoral fins, and one genus has been named on account of the total

absence of these members Achirns. Until lately, however, no Pleuro-

nectids, in the restricted sense of the term, were known to be destitute

of the fins. There nevertheless seem to be quite a number of forms be-

longing to the family inhabiting waters of considerable depth in which

the pectorals are reduced, or may be even almost entirely wanting.

Several types show gradations in that the fins in question are less de-

veloped and that of the blind side disproportionately small, but in

Monolene sessilicauda of Goode* the pectoral fin on the blind side is

"totally absent," and in a new type called Lepidopsetta maculata bj'"

Gunther, discovered by the Challenger expedition near the Antarctic

Ocean, "off Prince Edward's Island," we have the "pectoral entirelj-^

absent on the blind side, and represented by a small rudiment only on
the colored."!

It may be here added that Lepidopsetta of Gunther is entirely dif-

ferent from Lepidopsetta of Gill, and therefore should have a diiferent

name. Mancopsetta may be substituted and refers to the defective

l)rovision with fins.

* Goode (G. Brown). Descriptions of seven new species of fishes from deep soundings

on the southern New England coast, with diagnoses of two undescribed genera of

Flounders, and a new genus related to Merlucius. Proc. U. S. Nat. Mus., vol. iii.,

pp. 337-350 (338).

tGiinther (Albert). Report on the scientific lesults of the voyage of H. M. S. Chal-

lenger during the years 1873-'7G. Zoology, vol. i, part vi. Report on the Shore

Fishes. London, 1880. (p. 18.)
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A NEW CALIFORKIAN FAMILY OF FISHES.

A couple of remarkable forms were discovered, during 1880, iu tlie

Californiau seas, by Messrs. Lockinoton, Jordan, and Gilbert. Mr. Lock-

ington named the species discovered by liim Icosteus wnigmaticus* wliile

that obtained by Messrs. Jordan and Gilbert has been called Icichthijs

LocUn(jtoni.\ Both these forms inhabit tolerably deep water, and, indeed,

are known as "deep-water fish" by the fish-dealers of San Francisco.

The forms thus referred to differ in a number of peculiarities from each

other, but essentially agree and have been associated by Messrs. Jordan

and Gilbert under one family, to which the name Icosteklcc has been

given. The chief distinctive character is the imperfection of the ossifi-

cation and the consequently flexible bones, as well as limpness and

flabbiness of the body and integuments. The family is considered to

belong to the Irachinoid group, and is defined as follows

:

"Body oblong, compressed. Head, moderate, unarmed; the sub-

orbital without bonv stav. Mouth terminal, little obbque ;
the premax-

illary not protractile; the maxillary slender. Teeth minute, sharp,

erect, iu one series on the jaws only. No barbels. Gills -4, a slit behind

the fourth. Gill-openings wide ; the membranes free from the isthmus.

Gill-rakers slender. Branchiostegals 7. Dorsal and anal fins long, with-

out spines. Caudal fin with many recurrent accessory rays, on a slender

peduncle. Pectoral fins rounded, with the carpal bones slightly ex-

serted. Ventral fins thoracic, 1, 5, or 1, 4. Vent normal, without anal

papilla. Pseudobranchi?c present."

Icosicus has a naked body (save some spinules along the lateral line),

and the ventrals quadriiadiate (I, 4). Iciehthys has small scales, and

the ventrals quinqueradiate (1, 5).

A NEW ECONOMICAL FISH.

' On the banks off the American coast, in about latitude 40° X. and

longitude TQo W., is found a fish in large numbers of a type previously

to 1879 undescribed.l It has been made known by Messrs. Goode and

Bean under the name LoplioUiilus chama^leonticcps. It belongs to the

iamily LatiUdw, and its few-rayed vertical fins and other characters ap-

proximate it to the genus Laiilus, but it is distinguished from all other

representatives of the family, and, indeed, from all related fishes, by the

development of a large adipose appendage, resembling the adipose fin of

the Salmonidce, upon the nape. The labial folds upon the sides ô jthe

* Lockiugtou (W. N. ). Description of a uew geuus and some new species of Califor-

nia Fishes"{Icostem (migmaticus and 0.-^merus attemmtus). Froc. U. S JSat. Mus., voL

iii, pp. 63-68. „ • e ^ „.v»

t Jordan (David S.), and Cliarles R. Gilbert. Description of a new «pecies of deep-

water Fisli {Icklitliys LocUngtoui) from the coast of California. Froc. I. *. .^at. Mas.,

vol. iii, pp. 305-308. . „

t Goode (G. Brown), and Tarlton H. Bean. Description of a uew genus and specie, of

Fish, LoplioUtllus chamcvleouiiceps, from the south coast of New England. Fro'^,. L. ^>.

Kat Mus., vol. iii, pp. 205,206, 1879.
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mouth are also develope,! iuto flesby prolougatious, or tentacles TLespecies attains a largo size, sometimes reaching or even exceeding tl,eweight of fifty ponnds. In life the color is briliLt ; ahm-tTth's a vtlaceons tint, while the lower parts are whitish, U lome a" as ofyellow. There are numerous greenish-yellow spots, the largest about o
thira of the Uiameter of the eye; across the ca'lal'fln aretb ,^ ^ig.tstripes of the same color. " The soft ,lorsal has an npper broad bandof violaceous, and a narrow basal portion of whitish." The first snecimens obtained "were caught with menhaden bait in July, 18V9 whletrying for cod, fifty miles south by east of No Man's Lancl," at a'depthof 7o fathoms, and on a very hard clay bottom. "Two miles inside of

The Zo]>lwlahlus is very abundant and bites freely. Large numbershave been taken since the discovery, and it is possible that the pedesmay become a regular object of hshery.

THE KOCK-PISHES OF CALIPOKNIA.

t,-„°"%''Vr'"' ™°f ™*<"'<'^""S ^"<> nncxpected results of the invesli-a-tions of Messrs Jordan and Gilbert* among the fishes of the Pacfflc
coast Of North Americaisthegreat development of spe:L Of thet:^^of Scorpieuuls representing the genus *W«s«c7,%s or cIo.sely relatedones. Exe u.ling Selastodes, eleven species had been previously madetnown, and even then it was considered to be a remarkably well developed type, but the recent investigations of Messrs. Jordan and Gilberthave revealed the existence of not less than 23 species. These oceurTu
ciflerent associations, and are found in several bathvmetrical zones-they are mostly caught in large numbers by the Italian and Portugesefishermen, and taken to the markets of San Francisco. They exhiWalmost every gradation iu the extent of the armature of the head and

«2Tn;r°.^'r"
'""''''"'' -p--'^'«™sof thegrouirk::'

( c/rf/,2,s and &tbastosomus are such as to indicate that they are ofnot morethan subgeneric ™lue. Someof the species are very foLidablytrme l!

^ in the case of the 8. mgrocinctm and 8. Berrkeps, while others, as the
^.

«ietaoj« and 8. fl«iAu,, have the spinous rfdges almost obsolete!

"R!,°t''''°i..*?cT"
^^''""' '^'"'''' H.liilbert. Description of ^^^^^^Ti^^^^^,

^: ;:r-;;,'n-ir
•""""'• '-"- '"» «--' °^ ^""'-'- ^- ^^^

^"'".'

co^c">sr;:r."rS'i:.:'::r?:;^;f^^^^^^^^

ca^ir;r r. i.vzs::^:i it^t""' '-'""'• '™-° *^ --' -^
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vhictus, wliicli is known to the fisliermen as the Spanish Flag, and is, ac-

cording to Jordan and Gilbert, "the most brilliantly colored large fish

on the Pacific coast." Of the species of the genus as understood by our

authors, 23 have been already detected in or near the bay of San Fran-

cisco, 25 in Monterey Bay, 14: at Santa Barbara, 5 at San Diego, and 9

occur as far north as Puget Sound.

A DEEP-SEA ROCK-FISn.

As has been indicated with regard to the Californian Scorpcenids, the

successive bathymetrical zones are inhabited by different species, and
as we descend downwards we find one set of species gradually disap-

pear, to be succeeded in the lower zone by another combination. It has

been conjectured that in still deeper water we may find yet other forms.

What may be expected is suggested by a species secured by the Chal-

lenger Expedition in the " Inland Sea of Japan," off Inosima, at a depth

of " 345 fathoms." It has been illustrated by Dr. Glinther (Report on

the Shore Fishes, \). 05, pi. 27),* under the name of Sehastcs macroehir,

without any consideration of its relations. It is, nevertheless, note-

worthy for several peculiarities. The typical species of Sehastcs have
15 (ll-fl) dorsal spines and about 30 (<?. g., 12+19) vertebra?, while

the species of Sehasticldliys and allied forms have 12 or 13 (12+1) dorsal

spines, and 21 (11+10) vertebra?. Tlie '•^ Sebasfes macroehir" has, like

the typical species of Sebastes, 15 (11+1) dorsal spines, but the verte-

brie are unknown, although they are i)robably developed in increased

numbers. (The soft portion of the dorsal is said by Dr. Giinther to have
six rays, but nine are figured.) The principal characteristics of the spe-

cies, however, are the x)eculiar structure of the pectorals and ventrals,

and the position of the latter. The pectorals have a wide base, and are

produced backwards near the upper margin (and not medially), while

the (five) lower rays are thickened and extend much beyond the rays

next above in a linguiform lobe ; the ventrals are situated directly un-

der (and not behind) the axils of the pectorals, and the outer rays are

produced thick and unbranched. These characteristics are the more
noteworthy, inasmuch as many deep-sea fishes have the lower pectoral

and ventral rays differentiated and modified as "feelers." The ^^Sebastes

macroehir'''' is evidently not a true ''•ISebastes^" and, on account of the form

of the ijectorals and position of the ventrals just indicated, should be

distinguished generically. It may be called Sebastolobiis macroehir.

EEPTILES, ETC.

FEATURES OF PROGRESS.

Like ichthyology, herpetology is a common denominator for very dif-

ferent classes—the amphibians and reptiles—which receive attention

" Giiuther (Albert). Report on the Scientific Results of the Voyage of H. M. S. Chal-

lenger. Zoology, yol. i, i»art vi. Report on the Shore Fishes. London, 1880. 4to.,

82 pp., 32 pi.
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as a whole from the same specialists. As in the case of ,v.i.fi...^i
afewof the..™e™..scoutrib.,tious totUe b!t:rrad

"^

, ^tf^^ ^a'^two years can be referred to.
'^innu^ me past

The systematic arrangement has been exhibited in tlie popnl-ir worl-.

and turtles") whiTa t? wn^i i, • .

^'"^ '^^1'^^'" wizards, chameleons,^uu uirnesj, while E. Wiedersheim has monographed the entire ^v-aiJton of a salamander-Pfe^.ro^e/e.. The heart and 7t. fnnTr .
been studied by M. Lourt, B. Luchsinc^er all r ^^^.^^"^f

^'^^ ^^^e

Embryology by C. von BamWe^^^^^[^"^l::^
^'^

^ew species have been described by many, E. D. Cope beLt th. .L..
prominentamongAmericannaturalists, wh^iesev ralm^^^^^^^^have received new names from S. W. Garman

chelonians

The CcBcI.ans have been investigated by both W. Peters and i;^ .edershe™
;
the poisonous serpents of Europe bv E. de BettoThe e.tn,c spec,e« have reeeived the attention of E. D. Cope and O

ICHTHYOSAURUS VIVIPAROUS.

th^r'^ZT^;=^r'^t ;:r---a.s Of

supposed that they had been devourr'^The
i' rgfonT I^S

dutn "h;t
°^«"' "'"'«' '"'" '"" '!«-'»». an'l )-s con,; to thfcTn"

animal much more nmh'ihin+i.o,.+i • i • ,
"^^ '^"^ ^^^ ^parity ot the

at anv r>,iTZ \ ^ ^^^ inclusion by swallowing. There is

the tvne TnT T^r'""'
^-Probability whatever in the ^ivipar'tv of

bnds. (Ae„<h;n,
; also, A,„. Nat., vol. xiv, p. 60, January, 1880)
THE LIMBS OF MOSASAUROIDS.*

Among ihQ most interesting of the renti1p« r.f +1.^ f^ ^-7-—-—-——— v^^^^^_cne^;eptiIe^of the Cretaceous epoch



ZOOLOGY. 377

arc tliG Mosasiuiroids, first iutroduced to science tbrougli a gigantic

"Saurian" whose remains -vrere found in the valley of the Meuse in Ger-

many (whence the name). Recent discoveries in America have greatly

enlightened us as to the characteristics and peculiarities of structure of

the type. The group was much better developed in America than

in Europe, and the skeleton is now tolerably well known. It has been
asserted that the form was destitute of limbs, or at least of a pelvis and
sternum, and that in this as well as in other respects it approached the

Ophidians rather than the true Saurians. Professor Marsh has recently

discovered remains which prove conclusively that they had a well-de-

veloped scapular arch and a sternum of goodly proportions, and that

there was an equally well developed pelvis, with pubic, iliac, and ischiac

bones, all distinct and of good size. Another bone, not previously found,

is the "transverse bone" of Cavier, or "ectopterygoid" of Owen. This

has likewise been detected in several genera, and is an L-shaped bone,

suturally united by one ramus with the corresponding processes of the

"pterj'goid" and joining at the other the posterior end of the maxillary.

Professor Marsh has further identified (1) as pterygoid bones, those

also called pterygoid by Cuvier and which have well developed teeth,

while he considers (2) as palatines, small edentulous bones in front and

outside the pterygoids, and interposed between them and the slender vo-

mers. Hence Professor ^larsh concludes that the new characters thus

presented are all Lacertilian rather that Ophidian, but inasmuch as the

Mosasauroids are distinguished by various important characters, he

proposes to segregate them, as a suborder under the name " Mosasauria."

As a previous name had been given to the group, however—Pythouo-

morpha—that name should be retained, whatever may be the valuation

that attaches to the distinctive characters.

BIRDS.

ILLUSTRATED VOLUMES, ETC.

The usual activity has been manifested hy ornithologists. The tend-

ency to give an exaggerated value to trivial characters still lingers.

One author,* for example, recognizes two subclasses and 26 orders in

this most homogeneous of types, and for the little morphologically diversi-

fied Passeres not less than oSfani iUes are provided ! Numerous memoirs

on the birds of special regions, on various groups of the class, on the

anatomy of certain types, and on the system in general have been pub-

lished in the organs of sundry societies and in other periodicals and

reviews. A number of special volumes have also been issued, and among
such the following serial publications are the most noteworthy.

Of faunistic works are: F. DuC. GoDMAN-and O. Salvin^s "Biologia

Centrali-Americana" (parts 1 to 7); J.Gould's "Birds of Asia" (parts

* Sclater (P. L). Remarks on tUe present state of the Systcma Avium. Ibis, (4,)

vol. iv, pp. 340-350, 399-410.
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-32) ; J. Gould's " Birds of New Guiuea aud adjacent Papuan Islands,"

&c. (parts 9-11) ; V. Legge's " History of the Birds of Ceylon " (part3)

;

T. Salvadori's, " Prodromus Oruitliologioi Papnasice et Moluccarum

(parts G-9).

Of families are : D. G. Elliot's " Monograph of the Bucerotidse, or

family of Hornbills (parts 7-8) ; J. Gould's " Supplement to the Tro-

chilidae, or Humming Birds" (part 1); P. L. Sclater's " Monograph of

the Jacamars and Pufif-Birds, or families Galbulidge and Bucconida3

"

(part 4); G. E. Shelley's ''Monograph of the Cinnyridse, or family of

Sun-Birds" (parts 7- ).

And of continnations of general works are : H. Schlegel's " Museum
d'Histoire Naturelle des Pays-Bas" (tome 8, including Tinamids and
Megapodids); R. Bowdler Sharpe's " Catalogue of the Birds of the

British Museum" (vol. 4, containing the " Campophagidai and Muscica-

pidfe ").

THE ODONTORNITHES, OR TOOTHED BIRDS.*

Perhaps the most trenchant ideas associated in our minds with birds

relate to the development of the feathers, the insertion of the tail in a

fan like manner, and a bill destitute of true teeth, although frequently

jjrovided with serrations or special odontoid enlargements of the cutting

edges. In the Cretaceous period, however, there must have existed many
forms possessing characters in which they resembled reptiles rather than

living birds. One of those types, as is now generally known, was distin-

guished by the development of numerous caudal vertebrae of elongated

form, extended backwards, and provided with feathers on the lateral

edges, thus contrasting remarkably with the abbreviated concentrated

coccyx and radiate feathers of the living forms. This ancient type

{Arch(copteryx) also differed in so manj^ respects from the typical birds,

and on the other hand approached the rei)tiles, that even recently the

opinion has been expressed by an eminent naturalist, Carl Vogt, that it

was really a reptile rather than a bird. This form appears also to have

been provided with well-developed teeth, although the exact characters

of those teeth remain yet to be elucidated. In America there existed

at nearly the same period forms which, in most respects, approached the

typical birds more than did the Archwopteri/x, but which, nevertheless,

were distinguished by well marked characters. There were two of these

types.

In one form the vertebrae were biconcave, (thus resembling those of

fishes and the Gecko lizards,) and the teeth were well developed and
imjilanted in regular disconnected sockets and i)artly shed and replaced

by others of later growth. The species possessing these characters, so

far as they have come to light, had also large wing bones, and the meta-

'* Marsh, (O. C. ). Odontoi nithes : A Mouograph on the Extinct Toothed Birds of North
America, with thirty-four plates and forty wood-cuts. Washington, Government
Printing Office, 1880, 4to, pp. i-xv, 201. Also, A Monograph on the Odontornithes,
or Toothed Birds of North America. By Prof. Marsh. Am. Jour. Science (3) vol. xxi,

pp. 25;')-27G. April, 1881.

I
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carpals were ancliylosecl. These have beeu distiiigiusLed as typical of

an order whicli has be^u called by Professor Marsh ''Odontotormwy

Another form had vertebrse like those of living birds—?, e. saddle-

shaped—and the teeth, although well developed, were implanted in a

groove and not in distinct sockets. The wing bones in the typical forms

were small, and no metacarpals have been found. These have been

regarded as also constituting a distinct order, to which Professor Marsh

has given the name ^'Odontolccc.''^

AECH^TiOPTERYX.

It will be remembered that the scientific world was somewhat startled

by the discovery in 18G1 of the body of an animal in lithographic stone

at Solenhofen in Bavaria, which appeared to be intermediate between

the reptiles and the birds, and which exhibited a combination of charac-

teristics found in neither of those classes. While by some it was believed

to be a reptUe,by Professor Owen, who gave an elaborate monograph of

it, it was referred totheclassof birds, and since then has generally been

conceded to belong thereto. Lately a second specimen has been found by

Mr. Haberlein, a son of thediscoverer of the first, andhas been the subject

of a renewed examination by Prof. Carl A'ogt.* Some additional char-

acteristics have been revealed by the specimen; the head is preserved

in a much better condition than in the first specimen, and the jaws can

be examined. The latter in the upper mandible has two small conical

pointed teeth. The following summary gives the conclusion of Professor

Vogt

:

" The head, the neck, the thorax with the ribs, the tail, the thoracic

girdle, and the whole anterior member are clearly constructed as in rep-

tiles; the pelvis has probably more relation to that of reptiles than that

of birds ; the posterior limb, on the contrary, is that of a bird. In all

respects the reptilian homologies predominate in the skeleton. There

remain the feathers. Here there is no doubt; they are birds' feathers

with a central rachis and with perfectly formed balbules. The horny

substance of the feathers has disappeared, but the model in the fine

paste of the lithographic gtone is so complete that we may study the

smallest details with the lens. The new slab shows all the feathers in

their place. The remiges are attached to their cubital margin of the arm

and hand; they are covered for about half their length with a fine fili-

form down ;
none of the remiges projects beyond the others; the wing is

rounded in its outline like that of a fowl. It is possible that there was

at the base of the neck a collar similar to that of the condor ;
at least it

has been thought that indications of such a thing could be seen. The

tibia was covered with feathers throughout its whole length. The Ar-

chceojpterijx therefore had breeches like our falcons, with which, accord-

* Vogt (Carl). Ou Arcliaeopteryx macroura. Ann. Mag. Xat. Hist, (5,j vol. v, 1>Y».

183-188. (Translated from Bibliotheque UniverseUc. 1879, pp. 702-708.
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ing to Professor Owen, it lias the most resemblance in the leg-. Each

caudal vertebra bore a pair of lateral rectrices ; all the rest of the body,

head, neck, and trunk, were evidently destitute of feathers and naked :

we should certainly otherwise have found traces of feathers upon a slab

which has preserved even the smallest traces of a fine down. Hence

tlie restorations of the animal hitherto attempted are quite erroneous."

According to Professor Yogt the Arcluwpteryx is neither a reptile

nor a bird; although bird-like in its integument and hinder limbs, it is

reptilian in all the rest of its organization.

The Archfeopteryx has been derived, Professor Yogt thinks, from

^'the lizard-like terrestrial reptiles, having feet with five hooked, free

digits, showing no modification in their skeleton, but having the skin

furnished at different points with elongated warts, downy plumes, and
rudimentary feathers, not yet fitted for flight, but susceptible of further

development in the course of generations."

THE EXTINCT PARROT OF BOURBON.

It has been for some time recognized that the large parrots which

existed in the islands of Mauritius and llodriguez, when those lands

were first visited by European.s, represented peculiar generic types

—

that of Mauritius the genus Lojyhojmftaciis, and the one of Rodriguez the

genus ^ecropsittacus. The large parrot of the isle ofBourbon or Reunion
has, however, been generally associated with the Coracopsis nigra of

Madagascar. It was introduced into systematic ornithology in 17G0 by
Brisson, and a specimen (presumably described by him) is still pre-

served in the museum of the " Jardin des Plantes," although the bird

has long been extinct. Mr. W. A. Forbes has re-examined the specimen
and come to the conclusion* that the species was not a natural associate

of Coracopsis, but the type of a peculiar genus for which he revives Les-

son's name Mascarimts, and gives to it the new name Mascarinus Bit-

hoist. (It may be recalled here that G. R. Gray restricted the name
Coracopsis as a subgeneric term to the Bourbon parrot and revived the

name Yaza (of Lesson) for the C. nigra.) It is, he thinks, "allied rather

to such palseornithine genera as Falwornis and Tanygnathus, than to

Psittacus, Coracopsis, or allied forms." The extreme specialization of

the several types of parrots thus restricted to the islands indicated is one
of the most interesting facts in ornithology, and points to a long isola-

tiou of the areas to which they were respectively confined.

MAMMALS.

FEATURES OF PROGRESS.

The usual number of contributions have been made to the anatomy
of different groups and species of mammals, and to faunal lists asd
works. Giebel's Treatise on Mammals, contributed to Bronn's "Klas-

"Forbes (W. A.). On the systematic position and scientific name of "Le Perroquet
mascariu" of Brisson. The Ibis, (3,) vol. iii, i>p. 30:3-307.
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seu aud Ordnimgeu des Tbierreichs," has beeu coutiuued and a
number of parts issued during tlie past two years. Trouessart's cata-

logue of all the living and extinct species has also been continued in the
" Revue et INfagasin de Zoologie." The most important of the many
memoirs on special groups is Allen's on the Pinnipeds of North America,

which contains besides a revision of those of other parts. The teeth

have been examined partly as to their mechanical and i)artly as to their

taxonomic relations, by Hensel and Ryder.

The placentse of Edentates of the families of Dasypodidae and Bra-

dypodida? have been examined by Milne Edwards and Joly,—the former

by Edwards and the latter by Joly.

O has made a special investigation of the muscle of the eye iu

the apes and monkeys. The foramina of the base of the skull have been
again investigated with reference to systematic values by Cope for the

^Eluroid Carnivores and by Wingie for the Insectivores.

THE PROGENITOES OF MAMMALS.

The parents of mammals have been chiefly sought for iu recent times

among the early reptiles, and it has been sup[)osed that they were

descended from forms closely related to the Dinosaurians of the Jurassic

and Cretaceous epochs. In a recent memoir on the characteristics of

the pelvis in the mammals, Professor Huxley has challenged this view,*

and has expressed his belief that "it appears to be useless to attempt

to seek among any known Sauropsida for the kind of pelvis which

analogy leads us to expect among those vertebratod animals which

immediately precede the lowest known Mammalia ; lor, if we prolong

the series of observed modifications of the pelvis iu this groui) back-

wards, the 'Promammalia' antecedent to the Monotremes may be

exi)ected to have the iliac and obturator axes i)erpendicular to the

sacral axis, and the iliopectineal axis parallel with it; something, in

short, between the pelvis of the OrnithorJnjnchus and that of a land

tortoise; and provided, like the former, with large epipubes intermediate

iu character between those of the lower mammals and those of croco-

diles." As this condition is not fulfilled in the Reptiles, Professor

Huxle^"^ thinks that the original mammals have descended from an

entirely different stock. He asserts that in such a pelvis as the sala-

mander, for exami^le, " we have an adequate representation of the tyi)e

from which all the different modifications which we find iu the higher

vertebrata may have taken their origin." He therefore deduces the

conclusion that mammals have been derived from the Amphibians
through "some unknown 'promammalian' group, and not from anj

known forms of Sauropsida." In corroboration of this view he adduces

the two condyles of the occipital of the skull in which the mammals are

* Huxley (T. H. ). On the Characters of the Pelvis in the Mammalia and the Conclu-

sions respecting the Origin of Mammals which may be based on them. Proc. EoyoA

Societi/, vol. xxviii, i)p. 395-405, pi. 8.
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paralleled by the Amphibious; aud urges (hat ouly io the AmphibiansIS he articular element of themaudibular arcluK^rsistentlycattTlat^u^^^^^
ybile the quadrate ossification is small, and "the sauamnsa ^V? ,'
down over it to the osseous elements of the maudiWMbus affSan easy transition to the mammalian condition of these p^rts

"'
Furthe,"the pectoral arch in the MonotrpmP« it ic oioj i •

-t^nrmei,

tbat of the Amphibians as it i:thrf:;;s uS^^and tarsus of the mammals are directly deSefrirtI,???
amphibian type. (It is also suggested th!at it c2r ^Hhl fro™st

aortic arch which isL maintnSar't ^1 iZS^g rh:hefrt'^hile m mammals it is a left aortic arch which perfomfhs office »

Jf^reS ^f^irii^tia'^r^y™!^^^^^^

and the corresponding- right aortic irnb in +i ^ .i 7
tlie predominant feedefoflhearteX stem"" '

"'"" '"""^

icii^eu bjze and lunctional develoDment of iha i«ff ^4-- , ,

ti%=rora^urra:re £S^^^
::^LiStrbrrthX^H^T-^^^^^^
this stage Will ttud tng™rT;r'n '

'T™^
"^'-S-S to

posed without the amnio,, Jl.f ,f ^'^ ^^ *''*' "'"' *''"'* «»1'-

tioual branchL wou^dflnd r ,
""' "'''"'"""' ""'' I'™"'^'''^ ^'"^ ^unc

Of descent, frl'Z frL"«i e'rtet^f :o''tt"'"""'"t
'" '"^ ""^

reptiles nor birds wn, M i, I
^"""""'^'^ *« *^o mammals, neither the

ing "as it we sultac^^^^^^^^^^ ^T""*^
'" ^"^'^^' ^^"--"t-

termediate between the amnM.tn^T "•^''''""P'"""' <>f tl^at line" in-veen the amphibian aud mammalian stages of evolution.

MAMMALS OF THE AMEEICAN JURASSIC.

tJw;etS rf'mtmmZ'in ther"''"^

'""'T''"""
^^^"^^""="

ica, although Emmons CuZt!lT ,» , T'" "'^'^^ "^ ^'"rth Amer-
remains in certaTXL ,n North r r

" 't™ "' *"" '^'''^^ '"«1 '^A

however, quitea nmnltr !ff ?''''''"''• ^" *« '''«' ««™'-''l years,

lowerja;nrfragrnt;therL'rf:r ''''" "''''"''"'' ^™' "^-l "P™
Territories. Up fo h prZt'tt'e 1^

'''™"! "'"^ '" '"*' ^^^t«™
-^^^;;;jTTf-^--4r-r--^^^—-^^^iii^£^?l^^ representing



ZOOLOGY. 383

six geuera, liave beeu discovered. These liave beeu named and mdi.

cated in the American Journal of Science, as follows:

XV. 1878, June (459). Dryolestes priscus.

xviii. 1879, July (Gl). Stylacodou gracilis. (Stylodontidaj named.)

xviii. 1879, Sept. (215). Dryolestes vorax.

(210). Tinodon bellus) (Tinodontidte named.)

xviii. 1879, :N'ov. (390). Ctenacodon serratus. (Plagiaulacidie ^GiU

1871) renamed.)

(397). Dryolestes arcuatus. (Dryolestida? named.)

(397). Tinodon robustus.

(398). Tinodon lepidus.

XX. 1880, Sept. (235). Diplocynodon victor.

(230). Stylacodon validus.

(230). Tinodon ferox.

(237). Triconodon bisulcus.

(237). Dryolestes obtusus.

In a very recent contribution to the knowledge of tliese types. Pro-

fessor Marsh has proposed to difierentiate certain of these forms into

two orders, one of which he nas named Fantotheria and the other AUo-

tlieria* .

The Fantotheria are distinguished by "(1) cerebral hemispheres

smooth
; (2) teeth exceeding or equaling the normal number, 41

; (3)

premolars and molars imperfectly differentiated
; (4) canine teeth with

bifid or grooved fangs; (5) rami of lowerJaw unanchylosed at symphysis;

-(0) mylohyoid groove distinct on inside of lower jaws
; (7) angle of lower

jaw without distiuct inflection
;

(8) condyle of lower jaw near or below

horizon of teeth ; and (9) condyle vertical or round-not transverse."

To the group thus defined Professor Marsh thinks that, with tlie ex-

ception of a very few aberrant forms, the known Mesozoic mammals

may be mostly referred.

The Allotheria are distinguished by having " (1) teeth much below the

normal number; (2) canine teeth wanting; (3) premolar and molar

teeth specialized; (4) angle of lower jaw distinctly inflected; (o)

mylohyoid groove wanting." The group so distinguished is proposed tor

the genus Flagiaulax, represented by a species originally described

by Owen, and of which representatives have been likewise found m
America,'and to it are referred the new genus Ctenacodon of Marsh,

" and possibly one or two other genera."

It will be out of place to traverse the conclusions of Professor Marsh,

but those best acquainted with the mammals will agree that whatever

may be the relations of the forms above differentiated, it still remains

to be proved that they are entitled to ordinal distinction, for certainly

the characters adduced are not generally considered to be entitled to

such value by the majority of modern therologists.

'Marsh (O C). Notice of Jurassic Mammals representing two new Orders. Am.

Journ. Science, (3,) vol. xx, pp. '235-239, Sept. 1880. (See, also, vol. xv, p. 459; vol.

xviii, pp, 60, 215, 396, 1879.)
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DASYURIDS IN NEW GUINEA.

The mammaliau fauua of Xew Guinea, until witliiu the last few years

but little knowu, has assumed a special interest on account of the num-

ber of types discovered related to Australian forms. Many groups that

were supposed to be peculiar to Australia have been found in the great

island. Among the most unexpected discoveries were those of two dis-

tinct generic representatives of the family of Tachyglossids or Echid-

uids. Besides these have been found true Phalangers, Dwarf and
Flying Phalangers, Cuscus, Kangaroos, Bandicoots, and Phascogales.

Xo typical carnivorous Marsupial had, however, been found, but

recently a species of that group has also been discovered. The species

in question belongs to the family of Dasyurids, and has been made
known by Professor Alj)honse Milne Edwards.* Specimens were ob-

tained in the Arfak Mountains, at the entrance of the Bay of Gelwinck,

on the north coast of New Guinea, bj^ the collectors of M. Bruijn, of

Ternate. The new species has been named Basyuriis fusctis. It is

smaller than any of those previously made known, little exceeding in

size a large rat. Its color is a very dark brown, but yellowish beneath
j

there are small white rounded spots, regularly disposed on the upper

part of the body, and on the flanks, shoulders, and thighs. The tail is

long and not bushy. The short thumb is destitute of a nail. It is thus

most closely related to the Dcifiyurus hallncatus of the northern extrem-

ity of Australia.

PLAGUE OF RATS.

It is tolerably well known that in various countries—especially trop-

ical ones—once every few years there is a raid of enormous numbers
of "rats," or rat-like rodents, on the cultivated crops of the planters.

A plausible hypothesis has lately been promulgated correlating such

incursions with the maturation and death of plants whose progressively

increasing fruit, till a certain period, furnish food for the increasing-

rodents; but when the crowning crop has flourished and disappeared

the animals are forced to disperse in search of the food denied them in

their old homes.

Mr. Orville A. Dewey has contributed to the Eio News a communi-
cation reproduced in Nature t on the rat plague observed in the Bra-

zilian pro%dnce of Parana. "This invasion, or plague as it is called, is

said to occur at intervals of about thirty years, and to be simultaneous

with the dying of the taquara, or bamboo, which everywhere abounds
in the Brazilian forests." In explanation it is alleged that " the bamboo
arrives at maturity, flowers, and seeds at intervals of several years,

which doubtless vary with the ditterent species. The period for the

species most abundant in Parana is thirty years. The process, instead

* Edwards (Alphonse Milne). Ou a uew species of Dasyurus from New Guinea.
Ann. Marj. Xat. Hist, (5), vol. vi, pp. 171, 17*2.

tDewey (Orville A.). Plague of rats in Brazil. Xature, vol. xx, p. C5.
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of being simultaneous, occupies about five years, a, few of the canes going

to seed the first year, an increased number the second, and so on pro-

gressively, till finally the remaining and larger portion of the canes

seed at the same time. Each cane bears about a peck of edible seed,"

and the amount produced is enormous. After seeding, the cane dies.

''The rats, suddenly deprived of food, commence to emigrate, invading

the plantations and houses, and consuming everything that does not

happen to be repugnant to the not very fastidious palate of a famish-

ing rodent."

Mr. Frederick Lewis, in a subsequent notice,* correlates similar visi-

tations of rats in Ceylon " with the flowering and death of the miloo

(StroMlanthes), which forms the greater part of the underwood of Cey-

lon forests, and is said to flower and die every seven years."

Mr. Frederico Philippi, of Santiago, Chili,t records that in the south

of Chili that analogous swarms of rats occur, and are also coincident

with the crowning fructificatiou and subsequent death of a bamboo—

a

species called Colligue—whose period is 15 to 25 years.

THE HABITAT OF LOPHIOMYS IMHAUSI.f

One of the most remarkable of living mammals is the form described

in 18G7, by A. Milne Ettwards, under the name Lophiomys Imliaim. It

is, it has been well remarked, "one of the very best examples of 'defen-

sive mimicry' known in the animal kingdom." The specimen through

which the species was originally made known was accidentally bought

alive by M. Imhaus, at Aden, in 18G(), and thus Professor Edwards was

enabled to obtain tolerably complete information respecting the organi-

zation and peculiarities of the unique mammal. It has been since

asserted, however, that the specimen in question was not an Arabian

autochthone, but must have been brought from the opposite continent

and probably from some place in Nubia or Abyssinia. Four specimens

have now been obtained and are preserved in different European muse-

ums. As indicated by Giglioli, the native country of the species is " now

pretty well defined by lines drawn from Suakin to Mamau and Kassala,

and thence southward towards the Somali coast." The species appears

to be rare in its native country, or at least it is not often seen. This may

be on account of its habitat, for "it lives in deep holes in the strangely

fissured rocks" of the region in which it dwells. It is a vegetable feeder,

of course, and the stomach of a specimen obtained at Erkanid, on the

mountains between Suakin and Singat, was found to be "distended

with leaves and young shoots."

PROPOETIONS AND GESTATION OF THE INDIAN ELEPHANT.

Some exact observations have lately been published in the period of

"
" Lewis (Frederick). Plague of Eats. Nature, vol. xx, p. 267.

t Philippi (Frederico). A Plague of Eats. Nature, vol. xx, p. 530.

i Giglioli (Hemy H.). "LopMomys Imhausi." A. Milne Edwards. Zoologischer

Anz., vol. iv, p. 45.

S. Mis. 31 25
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ertni" *" "'"'"'"'"' ""'"^ '""''"' '^''""'""*' ^"ich are of gen-

Four of the elejAants in the gardens of the Zoological Society of London were weighed and measured by A. D. Bartlett,. Ihe superintend"ent of the socetj-s gardens, and the following flgnre's give th"":

Jnng PacIia
SuffaCulli..
Omar
Eustoin

Height at
shoulder.

Circumference of
the front foot
above the toes

Ft.

7

6

6
6

In.

10

2

Ft.

3
3
3

2

In.

8

11

Weight.

Tons.

2
2
1

1

Cwt. Qrs. Lb.
3 23
2 3 11
7 1 5
3 3 2G

The period of gestation has been recorded by two £?entlemen TolnnpiHeysham, of the Madras Commissarial Staff,t and Mr Irthnr F R.n

LIFE PERIODS OF THE HIPPOPOTAMUS
§

ranges ordinarily from "SeTo «W dov,! / ^ *""' '" *'"' ^''"'"<'

sued 227 days aLrinterlrsellttlVrie!"
""^ ^"^'^"'='' "^^'^ ^-

P.'.fztTS.^iL,^,';^;?;,^^""^^ "'"' '""S"'^ °f «"> I-«»- Elephants.

pp. 23-24.
oreeding m captivity. Proc. ^co/. ^oc, London, 1880,
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AN OLD AMERICAN BEAR.*

In the period shortly antecedent to that characterized by the existing

fauna, there lived in California an animal of the bear family equaling

in size the grizzly of our own days. The dental series was distinguished

by the absence of distemas, or intervals between the canine and con-

tiguous teeth, and therefore the species was generically differentiated

from any living form. The Californian species seems, however, to have
been related to a European ursid, which possessed the same character,

and which has been made known as a peculiar generic type under the

name Arctotherium. The bear of California has, therefore, been gener-

ically identified with this and described as Arctotherium simum. The
remains described by Professor Cope were found in a cavern in the car-

boniferous limestone of Shasta County, California, beneath several

inches of cave earth and stalagmite.

EXTINCT CAT-LIKE ANEVIALS OF AIMERICA.

Professor Cope has recentlyt subjected to renewed examination the

Felids and certain forms that had been supposed to belong to that fam-

ily, and has found that the characteristics found in all the existing spe-

cies are wanting in some extinct types that are otherwise closely related.

Such are the genera Archcelurus^ Nimravus, Dinictis, Pogonodon, and
HoplopJioneus of the American Lower Miocene, and probably also the

Procclurufi, ^lurogale, and Eii^milus of the European Eoceue and Mio-

cene. These genera, so far as they have been critically examined, con-

trast with living Felids in that there is (1) a distinct carotid foramen
; (2)

the condylar foramen does not enter the foramen lacerum posterius; (3)

postglenoid and (4) postparietal foramina exist; and (5) an alisphenoid

canal is developed. These characters, in the opinion of Professor Cope,

are of family value, and consequently the genera so distinguished are

segregated under the name Nimravids. In most other characters, as

weU as in dentition, they agree with the Felids. The several types, it

is said, " form an unusually simple series, representing stages in the fol-

lowing modifications of parts : (1) in the reduced number of molar teeth

;

(2) in the enlarged size of the superior canine teeth
; (3) in the dimin-

ished size of the inferior canine teeth
; (4) in the conic form of the

crowns of the incisors
; (5) in the addition of a cutting lobe to the ante-

rior base of the superior sectorial tooth
; (6) in the obliteration of the

inner tubercle of the lower sectorial and (7) in the extinction of the heel

of the same
; (8) in the development of an inferior flange and latero-an-

terior angle of the front of the ramus of the lower jaw
; (9) in the devel-

opment of cutting lobes on the posterior borders of the large premolar

* Cope (E. D. ). The Cave Bear of California. Am. Nat., vol. xiii. Dec, 1879. Sill,

Jour., vol. xix, p. 155.

tCope (E. D.). On the Extinct Cats of America. Am. Nat., vol. xiv, pp. 830-858,

Dec, 1880.
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teeth." Twenty-one species of the new family are recognized, 12 of

which are confined to the American Lower Miocene and 1 to the Ameri-

can Uiiper Miocene. Of the other species in Europe 3 occur in the

Upper Eocene, 2 in the Lower Miocene, 1 in the Upper Miocene, and in

India 1 in the later Miocene or Pliocene.

THE REPRESENTATIVE STRATA OF EUROPE AND NORTH AMERICA AS

DETERMINED FROM VERTEBRATE DATA.*

There has been only approximate parallelism of the strata of North

America and Europe from their Invertebrate remains, and inasmuch as

the later deposits are better characterized by the Vertebrates than by
the Invertebrates, a comparison with relation to the former was much
needed, and this Professor Cope has lately undertaken. He premises

that " if the types of life have originated independently we will find evi

dence of it by studying American palaeontology ; if their origin has

been through gradual modification, America should furnish us with

many intermediate faunae." To solve this question he thinks "the

identification of the generic types ofi^orth American Vertebrata has now
advanced to a point which renders such a comparison possible." This

comparison is begun with the coal measures and especially with the

Batrachiaus of that i)eriod. The Carboniferous Batrachians are " not

yet sufficiently well known to enable the most exact comparison to be

made, but close parallels, if not identities, of genera exist. Such are

the Oestocephalus and Ceraterpeton^ of Ohio, as compared with the

Urocordylus and Ceraterpeton of Great Britain." The Permian vertebrate

fauna, as represented in Illinois and Texas, " exhibits close parallels, but

not yet generic identity in the two continents." The Triassic fauna is

much better known in Europe than in America, the marine Trias being

little developed, and the vertebrate fauna of the Muschelkalk being en-

tirely unknown in the latter country. The Keuper, however, is repre-

sented, and a characteristic type (Belodon) existed in both continents.

The Jurassic fauuae have been thought to be but poorly represented in

the New World, " We do not yet know any deposits in North America
which contain the typical reptilian genera Plesiosaiirus^ Ichthyosaurus,

Pliosaurus, and Dimorpliodon, or the fishes of the Dapediidce; " although
recent discoveries by Professor Marsh presage much for the future. "A
few more characteristic fossils of the Eocky Mountain region represent

the Oolite—particularly the upper Oolite—while Teleosaurus and Steneo-

saurus, and their allies, are not yet known from North American beds."

The Cretaceous fauna is very well developed in North America. " The
ocean of the interior of the continent deepened from the beginning of

the period until the epoch of the Niobrara, and then gradually shallowed

until the elevations of the bottom began to divide the waters. The clos-

ing scenes of this great epoch were enacted amid a labyrinth of lagoons

*Cope (E. D. ). The Relations of the Horizons of Extinct Vertebrata of Europe and
North America. Bui. U. S. Geol. and Geog. Survey Ter., vol. v, pp. 33-54.
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and lakes of brackish and fresh water, whose deposits form the bed of

the Laramie epoch." Of the four jjrincipal horizons of Europe, (1) the

Urgaptian is not at all represented, so far as known, in S'orth America

;

(2) the Gault in its upper portion and tlie Cenomanian in its lower por-

tion are to some extent represented by the Dakota, but {ii) the greater

portion of Cenomanian is equivalent to the Colorado 5 and (4) the Seno-

nian is paralleled very well indeed by the Fox Hills group.

The name Post-cretaceous is given by Cope to (1) the Laramie, which
has a very characteristic fauna and is not represented in Europe, and
the (2) Puerco, which is perhaps represented by the Thanetian of that

continent.

The Tertiary epoch is abundantly developed, and from its base upwards
the strata contain remains of numerous mammalian types. The j)aral-

lelism supposed to exist between the various beds of the North Ameri-
can continent and Europe are exhibited in the following table derived

• from Professor Cope's article

:

WEST EUROPE.



390 ZOOLOGY.

ures, the Permian, the Laramie, the Maestrichtian, the Eocene, and the

Miocene, but (3) several of the restricted divisions seem to be exactly

l)arallel, as the Turonian with the Niobrara, the Suessonian with the

Wasatch, and the Uquus beds with the Pliocene.

In conclusion, a comparison is instituted between the results derived

from the examination of the vertebrate remains and those obtained from

a study of the fossil plants: (1) The beds determined by Cope from the

vertebrate remains to be Upper Cretaceous were identified by Lesquereux

from the plants as Lower Eocene
; (2) the Lower Eocene of Cope is

called by Lesquereux Miocene; and (3) the Middle Eocene of Cope

answers to the Upper Miocene of Lesquereux. The discrepant results

thus obtained are remarkable and, says Professor Cope, there are only

two i^ossible explanations :
" Either the animal life of North America has

lagged behind that of Europe by one period during past geologic time,

or, secondly, the vegetable life of America has been equally in advance

of Europe during the same jieriod. In other words, if the plant-life of

the two continents was contemporaneous, ancient types of animals

remained a period longer in North America than in Europe. If animal

life was contemporaneous, plant-life had advanced by one period in

Europe beyond that which it had attained in North America."

The necessity for further critical comparisons and study from a large

point of view thus becomes obvious, but it must be added that the

deductions formulated by Professor Lesquereux are antagonized not

. only by the vertebrate, but also by the invertebrate remains of the same
strata.



ANTHROPOLOGY.

By Otis T. Mason.

INTRODUCTION.

The rant and importance of any science are to 1^«
"''^^•"'^Vlnntoi'

by the intrinsic value of its subject matter, but l^y «- -»-";^°;
,

lectual acnvily «hich it demauds aud has evoked, and the <!0"f'™ «
'

vh "h its pursuit has made to human progress and happiness In cla m^

ng orantl.opo.««ythehrstrau,.auu.ng tl.esciences,,t .s

0^^^^^^

to say that it stands pre-eminent iu the grandeur aud comp exit j
ot it*

theme Although calling for u,iuds of the highest order, it is heset w. h

Zny dimcnhies, that men of the ^^-^ ^"^^^^:::Z^
attracted to it, and the beneUcence of its results arc >^^^'^'^'^^;^
either iu the a igmentation ot happiness or the meroase of soh.l ham

taf hat even inferior minds have been driven to labor in other tields

is knowledge becomes more complex its devotees are obliged to h

more t^lely informed, although their cultivation of each subject need

not be so ilfouud. The abstn«;t mathematician flnds his most arduous

Hbors tn he solutions of those problems which have no objective reality.

The as rouomer, dividing his time between o^^'^^^^"-^"^^^^^
eliminates the profounderquestious of themathemat.c^n Thephjsic s

and the chemist must acquaiut themselves with other forces than inei

«: and gtvitation, and in the study of
-^-''-'^r^^-f^.'^rr;

nelled to neglect the processes of the astronomer aud to accept his lesults.

^h r tro :lu of 'knowledge, also, is vividly ^^^-'-^^^
which the chemist is able to render to the astronomer in

^^I'^t^^T-
of the spectroscope. To the investigations of the student of mattcu the

bo ani adds the vital phenomena, and the zoologist the ^^^^
uutarv motion. The anthropologist is bound to acquaint himself with

"ai?:; thre smce man is amenable to all the laws
f'^^:J^^^Z

over, has overtaken their activities into consideration. H>^J^"
f/^°'

relic are buried in the <lel,Hs of those geologica
"f^ "'"^J;;^^

with the greatest difaculties; his body is >"o'-«;'>''^t,"'*''""

't'^' "J^^^^^^^^

other animal, aud the forces of nature actnpon him-^^^"^^^^
of results. Finally he thinks, he subdues nature ^bere is caice^J a

miueral a plant, or an animal that might not, with a little s ram, nnu

Tway'into an Anthropological museum, as helptW or hurtful to man.
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That there is a growiug interest in this newest of the sciences is evi-

denced by several considerations. Among these are the multiplication

of private collections, public museums, and journals devoted entirely to

the subject. The cursory perusal of a bibliographical list will indicate

at once how much more minutely research is ramifying itself in the

human subject. The multiplication and perfecting of instruments of

precision and the record of many hundreds of observations are evidence

in the same direction.

Although the progress and expansion of anthropology are very ap-

parent, it is difficult to indicate their rate in a single year, for the growth

of knowledge, like the flight of time, is not marked by trenchant lines.

Moreover, many of the best works published in any year do not come

to hand immediately, and thus are omitted from everj' enumeration.

Owing to this fact, the summary will have a somewhat narrower range

than formerly. It will include all works on American anthropology^ so

far as known, and such publications relative to the subject abroad as

have been received hy the Smithsonian Institution. The American

summary embraces not only works relative to the American races, when-

ever issued, but also the publications of American scholars in all depart-

ments of this science.

The order chosen in the summary is based on the convenience of spe-

cialists, rather than ui)on a scientific analysis of the subject. The follow-

ing are the headings under which the notes and the bibliography are

collected

:

I. Anthropogeny.

II. Archieology.

III. Biology of man.

IV. Comparative psychology.

V. Ethnology.

VI. Glossology.

VII. Comparative technology.

VIII. Sociology.

IX. Daimonology.

X. Instrumentalities of research.

I.

—

Anthropogeny.

Xo epoch making work like that of Haeckel has appeared during the

year. The Duke of Argyle, in a series of papers entitled " The Unity

of Xature," develops a scheme of law in nature which is consistent with

Christian theism. Dr. Lazarus Geiger's contributions to the history

of tbe develoi)ment of the human race have been translated into Eng-

lish by David Asher and published by the Trlibners. The paper of Dr.

Theodore Gill upon the zoological relations of man is a resume of the

evolution theory as applied to the human race, in which the author

rather states the present condition of the iwoblem than attempts to put

forth anything new. The same may be said of the communication of

i

I
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Dr. Holmes on the distribution of the race, in tlie transactions of the

Academy of Science of Saint Louis. Prof. Gabriel de Mortillet, in his

Freeurseurs de VJwnmie, inclines to the opinion that a rude, stone imple-

ment using race of apes may have preceded man, and, therefore, that the

flaked flints from the Tertiary could have been in use by these precursors

of man. The pedigree of man is also discussed in the publications of

Letoiu'ueau, Nadaillac, Parker, Perier, Eadclifle, Eamon, Vaughn, and

Ward. The most important work that has appeared upon the subject

in our country is Professor Winchell's "Preadamites-" The title of the

volume is rather ill-chosen, for the reason that it is both misleading

and too narrow. In addition to defending the view that the biblical

record relates mainly to the Semitic peoples, and that the man of archseo-

logy is almost outside of its ijurview. Dr. Wiuchell has gone over the

ground of ethnic distribution with great care, and presents a very clear

statement of the i^resent condition of the inquiry.

II.—ARCHuEOLoar.

Great activity has characterized the archiBologists during the year.

In the United States the subject is fostered in many ways. The Smith-

sonian Institution and the National Museum, co-operating, have their col-

lectors and correspondents in every State and Territory where aboriginal

relics and remains exist. The Bureau of Ethnology, lately organized

under Maj. J. W. Powell, has rendered very etticient aid among the Pue-

blos. Institutions in the States are hardly less energetic in the work.

In Massachusetts, the Archaeological Institute of Boston, the Peabody

Museum of Cambridge, and the American Antiquarian Society have all

put on record labors of permanent value, as will be seen in the appended

list of works. The American Museum in New York is now the repository

of Mr. Terry's collection of American antiquities, besides several others

illustrating savages in various parts of -the world. The Philosophical

Society of Philadelphia and the Academy of JS'atural Sciences publish

occasional papers. In Ohio the Western Eeserve Society at Cleveland,

the Cincinnati Society, and the Madisonville Society are actively engaged

in exi)lorations. The last-named body have published in pamphlet form

a detailed account of one of the most thorough investigations ever made
in American archaeology. The State geologist of Indiana includes in

all his reports an account of mound explorations made during the year.

The same is true of the Wisconsin and the Minnesota Historical Society.

The Davenport Academy in Iowa and the Saint Louis Academy in

Missouri are among the most active of our State societies.

The activity in the study of archseology does not end her e. The rage

for antiquities among rich gentlemen, both east and west, has put a high

value upon aboriginal relics, and there are many archaeological treasures

in these private museums. It is a cause of regret, however, that this

cupidity for relics has started up the race of Flint Jacks to flood the

country with worthless counterfeits.
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Archaeology is further patronized and fostered by several periodicals,

as the American Antiquarian, the American NaUiralist, the Kansas City

Eevieiv, the Magazine of American History, the American Art Review. It

would be impossible to speak of all the separate productions in this field

of research ; a few only will be mentioned that are likely to influence

j)ublic opinion to a large extent.

M. Floreutiuo Anu-ghino has been very fortunate in discovering what
he regards the vestiges of prehistoric man in the Pampas of BuenosAyres,

an account of which he publishes in the first number of the Revue

WAntkropoloyieiov 1880. It is a cause of congratulation that three gentle-

men in the City of Mexico, Senores Chavero, Orozco y Berra, and Icazbal-

ceta have taken up the study of their own antiquities on the spot, in an

intelligent manner, and are publishing the results to the world in the

Anales del Museo Nacional de Mexico.

The extremes of archaeological interpretation are represented by two

expeditions sent out to Central America. The Lorillard party, under

M. Desire Charnay, is the first in the field, and an account of their results

will be found in the North American Revieic for Sept.-Dec. This mission

embodies the Prescott school of archaeologists who hold that the Aztec

and the Maya were something quite above our modern savages. The
Archaeological Institute stands for the opposite view, as set forth in the

writings of Mr. Lewis H. Morgan and of Mr. Bandelier, the agent of the

Institute. Both parties are in severe earnest, and naught but good can

come from hearing both sides.

In England the debate still goes on as to the geological significance

of certain flint implements discovered in the caves and brick earths.

Are they post-glacial, intra-glacial, inter-glacial, or ante-glacial? The
account of the discussions upon the subject will be found in the files of

Nature. The appearance of Mr. Dawkins's " Early Man in Britain " is the

immediate cause of the controversy.

Kot less interesting and important is the volume of Principal Daw-
son on " Fossil Men and their Modern Eepresentatives." The purport of

the book is to connect aboriginal life as it has been enacted before the

author's eyes in Canada with the revelations of archaeology. From these

data, Dr. Dawson seeks to reconstruct ancient society in Europe.

The papers of Mr. William McAdams are of especial interest as show-

ing what excellent work a farmer can do who is willing at idle times to

take his teams and men and to make careful exiflorations. Mention
should also be made of the labors of the Rev. S. D. Peet, who has man-
aged the American Antiquarian under great difficulties and without

salary, until it has now reached the third volume. The work upon the

mound pottery of Missouri, prepared by Messrs. Potter and Ebers, and
published by the Academy of Natural Sciences of Saint Louis, is a splendid

work in every respect—text, illustrations, and maps. The explorations

described were made in the southeastern corner of the State, at New
Madrid, a locality singularly rich in mound relics. Prof. John T. Short,
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of Columbus, Ohio, bas publisbea during the year a volume entitled The

trthAmeri au.o;Autiquity,"iuwhiehhehasbro„ghttogeheratgr a

paiu.s the results of explorations up to our day. It would not be too

uueh to say that it is now the best manual of Amer.can ^^^^
In the Su,ithsonian Annual Report for 1S79, publrshed n.

^^f>^^^^
are many papers upon archaeology. The one ^"'^ ^"'^ fj"^!^
perusal upon this .subject is that by Mr. « alher upon t''" l";'

-;^

,

of Tampa Bay, Florida. The author reviews adverse y Professor

Wymau's theortes of ancient canuibalis.n, aud presents other methods

of aecoimtiuff for the pheuomena.
.

Wiener's "Perou et Bolivie" is a gorgeous work, whose material was

collected at the expense of the French Government by ^I^^' ^^J 1;^' ;^ ;^
spent two years exploring the graves and ancient monuments of the land

of the Incas.
III._BlOLOGY OF MAN.

The title of this section is somewhat elastic ;
indeed the Ecole <VAn-

thropologie of Paris divides its contents between two professors
:

M.

MaXas' Duval, who, under the subject of anatomical anWo^y,
delivered a course of lectures upon anthropogeny or

^^^^^^'f^^^^^^^^
o-eny of the vertebrates during the last winter, and Dr. Paul Topin

ard, who, from the chair of biology , lectured upon anthropo ogy in respect

of the living 5
inasmuch, however, as the same individuals are engaged

frequently in the study of man, structurally and functionally and the

latest texlbooks take strong ground that ^^^ ^^ ^^^-^^^^f,
must be prosecuted simultaneously, it is tound convenient to include

within the same theme all those investigations
-^-^-^f^^^^^", "^^

the side of zoology. The Biological Society ^f Washington has ^k^

the same ground, in embracing within its membership osteologists and

conchologists, as well as embryologists and physiologists.

• A noteworthy fact in this portion of anthropology is the slow but sme

encroachments which methods and instruments of precision are making

upon the different parts of the human body. In 1786 was pubbshed, in

Paris PieiTe Camper's ^^Dissertation sur les differences reelles qnt pre-

sentent les traites dn visage chez les hommes de differents pays et de d^e-

rents dqesP The facial angle has received more careful scrutmy at

the hands of Geoffroy St. Hilaire, Cuvier, Cloquet, Jacquart, Broca,

and many other distinguished anatomists. The cubage of the cramuin,

the situation and direction of the foramen magnum, the occipital, basal,

and nasal angles, and the cranial indices have assumed an importance

even greater than the facial angle. The scapular index, thoracic index,

pelvis, femur, tibia, and even the digits, are not without their value m

^^T^gre^ difficulty of coUecting the skeletons of any race in sufficient

numbers and well authenticated, has driven the ^^^T^^^^^.
methods of obtaining measurements upon the living. The Biitish Asso
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elation has done very much towards estabHshiug standards of eompari-

son in this regard. Nor are the French very far behind in the work.

The brain, no less than the cranium, continues to be the subject

of absorbing interest. The comparative anatomy of the encephalon

holds out the hope that here lies the path to the solution of the i)roblem

of man's ancestry and origin. On the other side, among these mean-

dering labyrinths, are sought the secrets of the connection between

material and spiritual existence. In the bibliography appended to this

summary, studies on the brain are accredited to Amat, Bordier, Ducatte,

Duval, Fowler, Spitzka.

The work of examining the skeletons or the living bodies of men,

however, has a decided rival in the science of embryology. The grand

generalizations of Haeckel, in his "Evolution of Man," however faulty in

detail, as all such comprehensive specidations must necessarily be, have

kindled a vast amount of interest in human ontogeny. The researches

of M. Mathias Duval, successor to the renowned Broca, upon the origin

of the cranial nerves, wHl be found reported in the Journal de VAnato-

mie ct de la Physiologie, mai-juin and sejitembre-octobre, of the j)ast

year.

IV.—COMPAEATIYE PSYCHOLOGY.

The question of the place of inductive psychology in the general

scheme of anthropology is as yet unsettled. Taking biology in its

widest sense, as including life in all its manifestations, there could be

no objections from any quarter to including the comx)arative i)sychology

of man and the lower animals within the purview of this comprehensive

subject. The reason for creating a class distinction in its favor is that

there is a separate group of men at work in this area. The problems

and methods belong to several subclasses. For instance, assuming the

difference between the mind of man and that of the lower animals to be

one of degree rather than one of kind, or, rather, to consist in a more
complicated and subtle organization of the same elementary principles,

and not in the difference of its constituents, it is held that the careful

scrutiny of the manifestation of reason, feeling, and volition all along

the line of the zoological scale will lead up to a correct apprehension

of mental and spiritual i^henomena in man. Again, the question arises

whether the intricate system of powers, emotions, and desires are not

derived by inheritance and modification from simpler faculties. A very

interesting series of observations have been set on foot by Francis Gal-

ton as to the connection of memory and imagination with time and
space. A fourth set of inquiries relate to the order and method by
which mentality is manifested in childhood and youth. Finally, this

portion of anthropology has its bitter controversial side. Between the

atheistical materialists, the agnostic materialists, and the theistic dual-

ists there still exists that personal j^rejudice which blinds the eyes of

the observer and confounds right thinking.
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Y.

—

Ethnology.

The term ethnology is retained for all those descriptive and philosophic

publications which relate to the groups of men called tribes, races, peo-

ples, the individuals of which recognize in one another a common bond

of union and an entire absence of prejudice. Ethnography is a narrower

word, applying only to monographs of different peoples.

The descriptive portion of ethnology is certainly the most important

part of anthropology. When we reflect that a very large part of the

immense collections of " materiaux pour I'liistoire primitive et naturelle

de'i'homme" contained in such works as Spencer's Descriptive Sociology

are falsehoods or mistakes, we tremble for the deductions that are to be

erected upon such a crumbling base. This is not meant to disparage the

great work of such men, but to enjoin the utmost caution upon future

observers. It has frequently occurred to the present writer that we

should have an account of the " personal equation " of each narrator

before admitting his facts into the general fund of anthropologic truth.
.,

It is very difficult to single out special works in ethnology, since there

is scarcely a portion of the habitable globe that has not been visited

during the past year. No labor undertaken, however, will compare with

the elaborate investigations which have been prosecuted among the

Indians of the United States, under the patronage of General Walker,

of the Census Department. The task of making the inquiries and

working up the material has been intrusted to Maj. J. W. Powell, of

the Bureau of Ethnology, and it is safe to say that there is not a little

band of Indians in our territory that has not been approached by an

intelligent ethnologist. The war in Afghanistan, in Zululand, and the

encroachments of the Russians upon the southern portions oftheir domin-

ions have all been fruitful of valuable ethnologic results. Among the

enhghtened nations of Europe there is the greatest activity in searching

out the racial affinities of the present populations. Works of perma-

nent interest have also appeared upon China, Japan, and the races of

Oceanica.

A very valuable paper upon French and Indian half-breeds, from the

pen of Dr. Havard, will be found in the Smithsonian Eeport for 1879.

VI.—Glossology.

The mere acquisition of a language, or even the accurate study of

its phonology, its etymology, and its syntax, is not a part of anthro-

pology. Linguistic anthropology has reference, first to the origin and

life history of language as a whole, and, second, to the comparative

study of the languages of the globe as a means of grouping its peoples.

From the point of view taken by the student of the natural history of

man, all tongues are alike useful, all are part and parcel of a complex

organism or links in the glottic chain. Inasmuch as the languages of
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savage and barbarous races are never acquired either for the purposes

of traffic, or as a part of polite learning, it follows that all vocabularies,

syllabaries, or collections of sentences gathered among such people are

materials of anthropology.

Among our North American Indians there is at present great diligence

in collecting linguistic material. The missionaries who have labored

with the greatest success among them have been those who have dis-

covered that the comjiliment paid to a tribe in the acquisition of their

language returns with interest to the teacher in the form of increased

confidence and attention. Almost the entire Scriptures have been

translated into the speech of the civilized tribes. The labors of Riggs,

Dorsey, Yetromilye, bear witness to this fact, and furnish the philologist

with some of his best material.

The work of collecting Indian vocabularies, grammars, and diction-

aries set on foot by the Smithsonian Institution is continued with great

zeal by the Bureau of Ethnology. Mr. James C. Pilling is preparing a

complete bibliography of North American Indian linguistics, which will

enable the student to investigate each tribe in the whole body of its

literature. Mr. Albert S. Gatschet continues his labors in the languages

of the California tribes, and will produce the coming year two large

volumes upon the Klamath.

A glance at the bibliography accompanying this paper will show that

the same activity has characterized those who have investigated the

languages of other parts of the world. Especial attention might be
called to the researches of Hovelacque, Keane, Oppert, Powell, Sayce,

and Whitney.

The work, however, that has attracted most attention in this direction

is that of Col. Garrick Mallery upon the sign language or gesture speech

of mankind. The author has not yet completed his researches, and there-

fore his work cannot be fully appreciated. The following tentative pub-

lications will show the compass of the undertaking. The first attempt

to present the subject publicly was at the Saratoga meeting of the

American Association, in 1879, an account of which will be found in the

volume of proceedings published in the following year.

A paper with the same title, not identical with the above, but contain-

ing the greater part of it, and specially designed for circulation among
officers of the Army and Navy appeared in the United Service^ vol. ii,

No. 2, Philadelphia, February, 1880, pp. 226-243.

In the American Antiquarian, vol. ii, No. 3, pp. 210-228, the author

continues his studies under the title, " The Sign Language of the Indians

of the Upper Missouri in 1832." This was a translation and discussion

of the gesture signs reported by Prince Maximilian von Wied Neuwied
as in use among the Aricaras, &c., in 1832-'34.

The most thorough work of Colonel Mallery is the "Introduction to

the Study of Sign Language among the North American Indians as

illustrating the gesture speech of mankind." The chief object of the
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work is to explain the principles of the sign language in such manner as

to properly direct research, and to furnish for observers forms of descrip-

tion and graphic illustration, so as to secure accuracy and uniformity in

collecting material for a larger work. Eeviews of this volume will be

found in The American Journal ofPhUoJocjij^ i,Xo.2 ; American XafuraJist,

May; Penn Monthly^ October; Academy ^ May 22; Nature, June 3;

Theosophist, Bombay, August; China Daily News, Shanghai, May 17,

1880; Behni's Geographische Jahrhuch ; Globus, S7,l^o. 11 ; The Pioneer,

Allahabad, January 15, 1881 ; Swansea meeting of the British Associa-

tion, report, pp. 030, 635.

A subsequ(mt work, i^rinted for collaborators only, issued in Wash-

ington, is entitled "A Collection of Gesture Signs and Signals of the

Xorth American Indians, with some comparisons."

VII.

—

Comparative technology.

It is difficult to find a term accurately definitive of what is intended

to be included in this class. Perhaps Mr. Spencer's "operative" cate-

gory comes nearest. At any rate tlie term technical anthropology

embraces the description of the materials, implements, processes,

methods, agents aud agencies, observances and results which enter

into the activities of man, in i)eace and in war, at every step of his

social progress. These activities are of many kitids, as diversified,

indeed, as human needs and desires multiplied by the varieties of

material and environment.

The discussion of this portion of anthropology is quite apart from

the consideration of race. Stone, shell, wood, textile, skins, clay, and

metal work have each i^assed through an elaboration which has kei)t

pace with the evolution of culture. The works upon this subject during

1880 have included meteoric iron in its relation to technique and the

history of civilization, aboriginal use of copper, the origin of metallurgy,

composition of ancient pottery, savage and civilized warfare, agricult-

ural fertilizers used by the Indians, jade workers, ancient commerce,

and the origin of the plow aud the wheel-carriage.

Two works by our own countrymen deserve especial mention in this

connection. The Smithsonian Institution has published as a brochure

an article by Dr. Edward H. Knight upon the savage weapons at the

Centennial Exhibition, taken from the report of 1879. The work is

profusely illustrated, and is very suggestive of many of the "missing

links" in the growth of the implements of militancy. The other work

referred to is by the Hon. Lewis H. IMorgan, entitled "A Stud^^ of the

Houses of the American Aborigines, with suggestions for an exploration

of the ruins of New Mexico, Arizona, the valley of the San Juan, and

in Yucatan and Central America, under the auspices of the Archieolog-

ical Institute of America." Mr. Morgan's belief with reference to all

the remains of our country whether fossal, aggeral, or mural, are well

known. The gentile system being given, the house, be it teepee, bark
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lodge, long-house, pueblo, or stone palace, is tbe natural outcome of the

organization. The student of comparative technology cannot afford to

omit this publication.

VIII.—Sociology.

Anthropology is not concerned with individuals. It does not inquire

how he or they acted or thought ; that is biography or history. It is

ever asking how they were accustomed to act. It does not seek to know
quid fecerit or quid fecerint, but quae solehant facere. When men are

accustomed to do a certain thing, they act in groups, at specified places,

and during certain seasons. Social anthropology inquires into the regu-

lative forces of society. The propagation of the species and self-protec-

tion lie at the foundation of the family, the guild, and the state, repre-

senting children, craft, and power. Beneath each of these lies an unique

principle, commonly overlooked by writers on sociology. A combination

of families does not constitute a guild or a state. The family, as such,

will never become more comjilex than the ends of procreation, nursing,

and rearing of children demand. A combination of guilds does not

constitute a government. The same men, women, and children who
maybe classified as families will be found arranged in guilds upon entirely

different rules. The same is true of the government, both militant and
industrial.

The student of sociology, therefore, may set before himself a great

variety of problems. The discussion of the family, including those ques-

tions of natural forces which affect the increase or diminution, occui)ies

a prominent jilace in sociology. The i)rogress from promiscuity through

the marriage of consauguines, then upward to the various forms of polj'-

andry and polygyny to monogamy, though not yet worked out, has re-

ceived important additions in the works of Lorimer Fison, and Dr. J.

Bertillon.

The question of industrial cooperations has as yet received little atten-

tion. Mr. Herbert Spencer gives a large place in his descriptive soci-

ology to the regulation of industrialism. A very entertaining and import-

ant chapter in human history will be the narrative of the source and
vicissitudes of human industrial classes.

On the other hand, the history of militancy has been over-written.

In the early part of its career our race was at war with nature as well

as with itself. Man went forth to slay the beasts of the field, the fowls

of the air, and the fish of the sea for food and clothing. All his tools

were weapons, all his methods were warlike, and the same social organi-

zation served both for the slaying of enemies and the pursuit of life's

necessities. In the upper grades of culture, however, this is different,

when the change of function demands a corresponding change of social

structure.

The study of sociology is so intimately connected with human happi-

ness that there is no lack of interest or improvement in this department
of anthropology. Of special importance are the pubUcations of Ban-
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delier, ou the social organization and mode of government of the ancient

]\Iexicans ; Bertillou, on human statistics in France ; Flower, on fashion

in deformity; Gore, on the develoi)ment of deliberative government;

Powell, on the Wyandotte Government ; Koyce, on the method and

clironology of the extinction of the Indian title : and Yarrow, on mortu-

ary customs.

IX.

—

Daimoxology.

The word "-religion" has had such a variety of meanings that some
anthropologists never emjdoy it. The term '' religious" applies almost

universally to i)ersons, so the phrase "religious anthroi)ology" would
not convey the meaning intended. At the risk of introducing a neolo-

gism, the term " daimonology " (from Ja(uwv/,—a god, soul, or destiny,) is

employed to inclnde all observations and discussions concerning the

belief in spiritual beings, the conduct of men in view of their belief, the

I)araphernalia by means of which these beings are approached and ap-

peased, and the body of dogmas and stories which have grown up around

the various phases of a faitli.

Two facts are noticeable in view of the vast amount of earnest study

which lias been bestowed u])on tliis subject. First, it is now well known
that there are bodies of myths among every people as full of pathos and
sublimity as those of Greece and liome. Major Powell is doing excel-

lent work in the way of collecting these stories among our own Indians.

The Folk lore iSocit^ty of Great IJritain, as well as similar associations

in France and Germany, were organized for the purjiose of publishing

in permanent form the supernatur;*! stories of uncultured peoples.

In the bibliographical appendix will be found allusions to "Norse
mythology," flower fairies, wolf-reared children, the religions of India,

Polynesia, Ancient Assyria, and Mexico, the cult of the dead, lore of the

heavenly bodies, and of animals, creation myths, sacred books, and the

origin of religion. Major Powell's vice-presidential address before the

section of biology, at the Boston meeting of the American Association,

was a discussion of mythologic philosophy, in which the desire to phi-

losophize concerning the causes of natural phenomena was considered to

be the fundamental principle of all religions.

X.—iNSTRUilENTALITIES.

Each science has not only its field of operation where it gathers its

materials, but its storehouses where they are garnered and its media of

l^roducts before the world. Anthropology also has its implements of

research, its museums, and its journals.

The instruments of precision are mostly confined to the department

of biology. The methods of collecting and recording tacts for future

reference are of immense importance in prosecuting any study. The
Smithsonian Institution and the Bureauof Ethnology use card catalogues

in their work, so that information is always accessible. It is no dispar-

agement to say, however, that in the system pursued at the Surgeon-

S. Mis. 31 26



402 ANTHROPOLOGY.

General's Office in collating the Index Medicus and the great catalogue

of the library, the plan of carding knowledge has well nigh attained per-

fection.

The subject of anthropology is discussed, first of all, in societies de-

voted entirely to this science, or one of its branches. The princijial

ones are the Anthropological Institute of Great Britain and Ireland

;

the Societe d'Anthropologie de Paris 5 and the Anthropologische Gesell-

schaft of Germany. Societies also exist and i^ublish journals in Berlin,

Vienna, Florence, Madrid, and Washington. Secondly, international

congresses are held in various cities of Europe. Pre-eminent among
these are the International Congresses of Anthropology, Ethnology, and
Prehistoric Archijeology, Congr^s des Am^ricanistes, aud the Con-

gres International des Sciences Anthropologiques. Third'j', the great

national scientific gatherings, answering to our own American Associa-

tion, have each a subsection of anthropology, and very many valuable

papers appear in their transactions. Fourthlj', papers of permanent

value in the study of man are read in the great number of local societies

in our larger cities and abroad. Fifthly, in addition to the journals, bulle-

tins, transactions, proceedings, and contributions of all these associa-

tions, the popular science periodicals, as well as the best literary month-

lies and quarterlies, give place each month to at least one article upon

anthropology.

To go over all this material requires a vast expenditure of time, more

than one individual can command. Alreadj^, therefore, the science be-

gins to have its specialists, who have given up the hope of occupying

the entire field and have contentefl themselves with a circumscribed

area.

The following bibliographical list does not claim to be exhaustive. It

represents pretty accurately what Americans are doing and what is being

done for America. The voluminous publications of the Archiv fiir

Anthropologic, although appearing rather late, are indispensable to one

who would prepare an exhaustive bibliography of our theme. The
abbreviations used througliout this ^laper are those which have been

adopted at the Surgeon-General's Office, in the preparation of the great

medical catalogue.
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BIBLIOGRAPHY OF ANTHROPOLOGY.

I.—ANTHROrOGEjVY.

Argyll, The Duke of—The unity of nature, &c. *StwV«c<?, i, pp. 24
j

SS', 99; 181; 228; 2G7; 280.

HUGANNE, A. J. H.—Civilization vs. Nature. Potter's A)n. 31onth., July.

Geiger, Lazarus—Contributions to the history of the development of

the human race. Lectures and dissertations. Translated from the

weco'ul German edition by David Asher. London, Triibner & Co.,

1880.

Gill, Tueodore (Washington, D. C.)—On the zoological relations of

man. Tr. Anthroj). Soc. Washington, i, p. 15.

HoLiViES, Nathaniel (Saint Louis, Mo.)—Geological and geographical

distribution of the human race. Tr. Acad. Sc. kSt. Louis, iv, p .1.

Lankester, E. Ray'—Degeneration. A chai)ter in Darwinism. Na-
ture Series. Macmillau & Co., 1880. (Reviewed in Nature, June 17.)

Letourneau, Cn.—Le regne des protistes et la psychologic cellulaire.

Rev. cVanthroj}., 1880, pp. 282-285.

MoRTiLLET, Gabriel de—Les precurseurs de I'homme et les singes

fossiles. lice, sclent., Paris, mai, 1880.

Nadaillac, M. de—L'origine de la vie. Paris, 1880. pp. 32. 8°.

(Extr. du Corrcspondant.)

Parker, Dr. A. J.—On the brain of a chimpanzee. Med. Bee, N. Y.,

Jan.

Perier, Dr.—Sur la transformisme. Rev. dkmthroj)., 1880, pp. 213-229.

RA3ION DE Torres, Martinez J.—Contribucion a la antropologia.

I
Forma el hombre un reino aparte deutro del orden de la creacion ?

EncicJ. med.-farm., Barcelona, 1879, iii.

Ratclipfe, Dr.—On the pedigree of man. Contemp. Rev., Feb.

Vaughn, Mgr.—L'homme : son origine, sa destine. Ann. d. pliiJos. chre-

ticnne, Jan.

Ward, L. F. (Washington, D. C.)—Pre-social man. Tr. Anthrop. Soc.

Washington, i, p. 08.

WiNCiiELL, Alexander (Ann Arbor, Mich.)—Preadamites; or a dem-
onstration of the existence of men before Adam ; together with

a study of their condition, antiquity, racial affinities, and progress-

ive dispersion over the earth. Chicago, S. C. Griggs & Co., 1880.

1vol. 500 pp., with charts and other illustrations. 8°.

[Although this work bears a controversial title, it is a most excel-

lent summary of ethnology.]

*
II.

—

Archeology.

Abbott, C. C. (Cambridge, Mass.)—Flint chips. Rep. Peabody Museum,
ii, pp. 50G-520.
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Aboriginal remains in the valley of the Shenandoah Eiver. Science, i,

p. 262.

Adams, W. II. (Elmore, 111.)—Mounds in Spoon Eiver Yalley, 111." Smith-

son. Eep., 1879, p. 368.

Vanished races in Spoon Eiver Valley, 111. Elmwood Gaz.,

Sept. ;{, 1880.

Abler, Curtius F., & G. Trel"^—Die Ausgrabuugen zu Olympia.

IV. Uebersicht der Arbeiten und Funde vom Winter und Friih-

jahr 1878-79. 39 Tafeln. Berlin, Ernst Wasmuth. {The Athenccum,

Sept. 4, 1880. Eeviewed by Julius Schubring.)

Alibert, Dr. L.—Les vestiges de I'industrie paleolitique aux environs

de Montauban. pp. 26, trois planches. 8°. (Extr. du Bee. Soc. d. sc.)

Ameghino, Florentino—Amies et instruments de I'homme prehis-

torique des Pampas. Rev. d^anthro})., 1880, pp. 1-12.

American Antiquarian Society (Worcester Mass.)—Proceedings, No. 75.

April, 1880, p. 59. "The Landa alphabet," by Philipp J. J. A'alen-

tini. Ph. D.

Proceedings, No. 76. Oct., 1880. " Mexican Paper," by Philipp

J. J. Valentini, Ph.D. p. 82. "Xotes on the bibliography of

Yucatan and Central America," by Ad.- F. Bandelier.

Anales de Cuauhtitlan. i)p. 1-32. Appendix to An. d. Musco nacional

de Mexico.

Ancelon—Sur les habitations lacustres connues sons le nom de bri-

quetagesdelaSeille. Paris, 1880. 8°. {From Bull. Soc. d^anthrop.)

Anderson, William Gilbert (Quincy, 111.)—Mounds near Quincy,

111. Smithson. Eep., 1879, p. 341.

Andrews, Frank. D. (Vineland, N. J.)—Indian relics from Schoharie,

N. Y. Smithson. Eep., 1879, p. 391.
'

Anger—Das gemischte Griiberfeld auf dem Neustadter Felde bei El-

bing, Ztschr.f. Etlinol., Berlin, 1880, pp. 106-125, 2 pi.

Armstrong, Thomas (Ripon, Wis.)—Mounds in Winnebago County,

Wisconsin. Smithson. Eep., 1879, p. 335.

Babbitt, Frances E.—Ancient quartz workers. Ani. Antiquarian, iii,

No. 1.

Bacon, A. T.—The ruins of the Colorado Valley. Lippincott''s Mar/.,

Nov.

Barber, Edwin A. (Phila<lelphia, Penn.)—The fiiiry pipes of Great

Britain. Westchester RepuhUcan, Sept. 25, 1880.

Beauchamp, W. ]\t (Baldwinsville, N. Y^)—Wampum belts of the Six

Nations. Am. Antiquarian, ii, p. 228 ; Smithson. Eep., 1879, p. —

.

[In the files of the Onondaga Gazette, communications by the same
author about the Onondagas and relics of the ancient inhabitants.

In the Slauieatclcs Democrat, an article on the Elbindge forts.

Manuscript descriptions of Onondaga remains were deposited with

the Buffalo Ilistorical Society, the Skaueateles Library Association,

and the Peabody Museum, at Cambridge, Mass.]

I
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Blake, C. J.

—

Oq the occurrence of exostoses within the external audi-

tory canal in prehistoric man. Arn. J. Otol, K. Y., 1880, ii, pp. 81-91.

liLEiCHER—Essai sur les temps prehistoiiques en Alsace. Nancy, 1870.

BoRLASE, W. C.—Inilian money cowrie in a British barrow. Antiquari/,

Jan.

Bosc, E.—Dictionnaire general de I'archeologie et des antiquites chez

les divers peuples. Paris.

BouiLLEROT, A.—L'homme des caverues et les animaux quateruaires

autour de la montagne de Morey (Haute-Saone). Deuxieme memoire

d'archeologie prehistorique. Yesonl, 1880. 8°.

Brodiiead, Ct. C.—Prehistoric evidences in Missouri. Smithson. Eep.,

1879.

Brodnax, Benjamin H. (Plantersville, La.)—Mounds in Morehouse Par-

ish, Louisiana. Smithson. Eep., 1879, p. 38G.

Brown, Edward—The pictured cave of La Crosse Valley. Am. Anti-

quarian, ii, Xo. 4.

Burr, B. T.—Uuins in White lliver Canon, l^ima t^ounty, Arizona.

vSmithson. Bep., 1879, p. ;>3.">.

Cartaililvc, Emile—L'agede la i)ierreen Asie. Lyon, 1880. pp. 20,

l)lanche. 8^.

Case, Theo. S. (Kansas City, Mo.)—An excursion to the birthplace of

]Montezuma. Kansas City Ucv., Xov., 1880.

CiiANTRE, E.—Xotes anthropologiques. lielatious entre les sistres

boudhiques et certains objets de Tage du bronze europeen. Lyon,

1880. 8^. [Extr. Compt.-rcnd. Cong. <J. OrientaUsfcs, Lyon, 1878, iii.]

CiiARNAY, Desire—The ruius of Cciutral America. The North Ameri-

can Kevieic for Sept., Oct., Nov., and Dec, 1880.

[Record of an exploration of the ruined cities of Mexico and

Central America, written by Desire Charnay, chief of an expedition

sent out last year by Mr. Pierre Lorillard, of New York, in conjunc-

tion with the French Government. Principal fruits of the expedi-

tion during 1880 : Development of the plan of the ancient city of

Teotihuacan ; exploration of tAvo important places of refuge and

burial at Amecameca, near Popocatipetl, resulting in the finding of

a large and unique collection of pottery and other utensils, also

some human remains ;
exploration of Tula, the ancient metropolis of

the Toltecs. Mr. Charnay has demonstrated, 1, identity of architec-

tural forms and principles between these cities and the cities of

Yucatan, and Guatemala; 2, inferred identity of race—Toltec; 3,

comparatively recent age of these ruins—dating from not earlier

than the 11th century of our era.]

CnAVERO, Alfredo (Mexico)—La piedra del sol, segundo estudio.

An. d. Musco nacional de Mexico, ii, pp. 1-46, illus., pp. 107-12G.

Chevers—The physician's leisure ; a plea for the study of archaeology.

Med. Times tO Gaz., Lond., 1880, pp. 307-371.

Clodd, E.—The later stone age in Europe. Modern Rev., July.
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Cloquet, Dr. N.—l^tiides surle prehistorique a I'ExjJOsitioii univiu.si^llc

de Paris, 1S78. Mons, 1880. pp. 04. 8^.

CoLLETT, John—"A Vinceunes Moimd " and "The Wortliiiigton

Mound." Indiana Eep. of Statistics and Geo!., 1880, pp. 387-390.

CoLLiGNON, Eene—Description des osseinents huraains fossiles trouvcs

dans le Lelim de Bollviller. Rev. (Vanthrop.^ I8S0, i)p. 395-113.

CoNANT, A. J., S. D. Peet, & O. T. Mason^TIic connection Ijctweeu

arclireology and history. Kansas City Rev., March, 1880.

Costa, B. F. de—Glacial man in America. Pop. 8v. Month., Nov.

Cox, Joseph (President Madisonville Lit. and Sc. Soc, Ohio)—Account
of an ancient cemetery near Patavia Junction, Ohio. Cincin. Daily

Gaz., April 29, 1879.

Gushing, Frank n.—Relic hunting-. Tr. Antlirop. iSoc. Washington, i, p. 3.

D'ACY, M. E., & M. Arcelin—Lettre et rdponse: La classification

archt%logique api)li(piee a I'epoque quaternaire dans la Revue des

questions historiques. pp. 005-033, 4** annee, 2'' livr,, Bruxelles, 1880.

Daly, D. D.—Caves at Sungei Batu, in Selangor. J. Straits Branch

Roy. Asiatic Soc, iii.

Dawkins, W. Boyd—Early man in Britain and his i)]ace in the Terti-

ary period. London, Macmillan & Co., 1880.

Dawson, J. W. (President McGill College, Montreal)—Fossil men and
their modern representatives : an attempt to illustrate the character

and condition of prehistoric men in Europe, by those of the Ameri-

can races. Montreal, Dawson Brothers, 1880. 1 vol. viii, 348 pp.

Plus. 120.

The chain of life in geological time. (Last (chapter on the advent

of man.) Religious Tract Society, London. 272 pp. sm. 8^.

The antiquity of man and the origin of species. Frincetoti Rev.,

Nov., 1880.

De Hass, Wills—The mound-builders: an inijuiry into their assumed

southern origin. Tr. Anthrop. Soc. Washington, i, ]). ryo.

Delbos, J.—Notice sur la decouverte de squelettes humains dans le

Lehm de Dollviller (Haut-Rhin). Rev. iVanthrop., 1880, pp. 385-394.

Ebers, n.—Modern results of Egyptology. Deutsche Rundschau, May.
Engelhardt, C.—L'ancien age du fer en Selands et dans la partie

orientale du Danemark : les sepultures et squelettes. Traduit par E.

Beauvois. Copenhague, 1880. pp. 00. 8°. Gravures et planches.

Evans, Samuel—Notes on the principal mounds in the Des Moines

Valley. Smithson. Rep., 1879, p. 344.

Failyer, G. H. (Manhattan, Kans.)—Traces of aborigines in Riley

County. (Read at the 13th annual meeting Kansas Acad, of Sc.)

Farquharson, R. J. (Davenport, Iowa)—Prehistoric trephining in

America. (Read at Am. Assoc, Boston, 1880.)

The contemporaneous existence of man and the mastodon in

America. Id.

Faure, L.—fitat actuel du problcme de I'existence de I'homme a Fagje

tertiaire. Qaz. med. de VAIgerie, Alger, pp. 145 ; 149 j 158.
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Fergusson, Ja]Mes & James Burgess—The cave temples of ludia.

Printed and published by order of H. M. Secretary of State for

India. W. H. Allen & Co., Londoi). (Keviewed in The Athcnamm.

Sept. 25, 1880; The Academy, Oct. 30, 1880.)

Fischer, H.—Ueber i)rahistorische Kieselwerkzeuge. Arch. f. An
throi?., 1880, xii, pp. 273-292, 1 map.

Gannett, EE.—Prehistoric ruins in Southern Colorado. Pop. Sc. MontJi.,

March.

Gaudry, Albert—Materiaux pour I'histoire des temps quaternaires.

2'"« fasc. De I'existence des Saigas en France a l'6poque quaternaire.

Paris, Savy, 1880. pp. G3-82, 3 pi. 4o.

Geikie, J.—Prehistoric Europe: zoogeological sketch. 8°. With map
and illns. London, Edward Stanford.

(rERVAis, Uenri, & Florentino AjVIEGHINO—Lcs mammiferes fos-

siles de I'Amerique du Sud. Paris, Savy, 1880. xi, 227 pp. 8°.

Gesner, WILLIA3I—Mica beds in Alabama. Smithson. Rep., 1879,

p. 382.

GowsE, F. S.—Uulandsluir antiquities. J. Boy. Asiatic Soc. Bengal, i, iv.

Haines, IIknry W.—I'ossil man. Fop. 8c. Month., July.

IJaldeman, S. S.— Aboriginal ])ottery and stone implements. 8ci-

ence, i, p. 112.

Hall, J. H.—Cypriote inscriptions of the Di Cesnola collection in the

Metropolitan ^Museum of Art, Kew York City. J. Am. Oriental

Soc, X.

Heath, Rev. Dunuar—Squeezes of Hamath inscriptions. J. Anthrop.

Inst., ix, ISTo. 4, pp. 309-37.").

Henderson, J. G.—Ancient mounds near Naples, Illinois. Science, i,

p. 112.

HoLBROOK,Watson C. (Coleta, 111.)—Anti(]uities of Whitesides County,

111. Davenport Acad. Nat. Sc, Iowa.

Prehistoric altars in Whitesides County, 111. (Read at Am.

Assoc, Roston, 1880.)

Hough, James—]Mounds in Washington County, Miss. Smithson.

Rep., 1879, p. 383.

HovEY, H. C—On the alabaster quarries and flint works found in

Wyandot Cave. Am. Antiquarian, iii. No. 1.

Jackman, F.—Mounds and earthworks of Rush County, Indiana.

Smithson. Rep., 1879, ]). 371.

Jones, Charles C.—Primitive manufacture of spear and arrow-points

along the line of the Savannah River. Smithson. Rep., 1879, p. 376.

Kains-Jackson—Our ancient monuments and the land around them.

With an introduction by Sir John Lubbock. London, Elliott Stock.

(Reviewed in The Athenamm, Aug. 7, 1880.)

[This volume relates to the scheme so long fostered by Sir John

Lubbock of protecting the ancient monuments by legislation.]

Karner, p. L.—Klinstliche Hohlen in Niederosterreich. Mitth. d.

Anthrop. Gesellsch. in Wie7i, 1880, ix, pp. 289-312, 3 pi.
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Ejd:Rii, W. C.—The mica veins of North Carohna. Tr. Am. In it. Mining

Engineers, Feb., 1880.

[Alhides to ancieut Indian mica mining.]

EJESSLER,r.—liltudes pr^historiques. L'homme tertiaire. Belfort, 1880.

8o.

Knowles, W. J.—Portstewart and other flint factories in the north

of Ireland. J. Anthrap. Inst, ix, No. 3, pp. 320-329.

Flint implements from the valley of the Bann. J. Anthrop.

Inst., X, No. 2, pp. 150-152.

Lagneau, Gustaye—Monuments prehistoriques du Berry, par Lndovic

Martinet.

Lewis, H. C.—Antiquity of man in America geologically considered.

Science, Oct. ]G.

The Trenton gravel and its relation to the antiquity of man.

(Eead before the mineralogical and geological section of the Acad.

Nat. Sc. Phila., Nov. 24, 1879.^

Lortet, E. & Ernest Chantre—T\tudes paleontologiques dans le

bassin du Rhoue. Periode tertiaire. Recherches sur les mastodontes

et les faunes mammalogiques qui les accompagnent. Lyon, Georg,

1880. 33 pp., 17 pi. 40. (Extr. du Mus. d'Hist. nat. deLyoii.)

Love, Albert C.—Prehistoric relics in Lowndes County, Miss. Am.
Antiquarian, ii. No. 4.

Low, Charles F.—Archieological explorations by the Literary and

Scientific Society of INIadisonville, Ohio. Part iii. Jan. to June 30,

1880.

LrcANTE, A.—Essai geographique sur les cavernes de la France et de

I'etranger. France: Region du sud. Angers, 1880. pp. 76. 8°.

Lull, Edward P.—On the determination of the age of prehistoric

remains. Tr. Anthrop. Soc. Washington, i, p. 27.

MacAdaivis, William—Antiquities of Jersey and Calhoun Counties,

HI. (Published in county history.)

Ancient agricultural imi)lements of stone. (Read before Amer-
ican Association for the Advancement of Science, at Boston meet-

ing, Aug. 30, 1880.) Science, Sept. 11.

Sea-shells in ancient mounds. (Read before A. A. A. S., at

Boston meeting, Aug. 31, 1880.)

The .prehistoric cave men of Ilhnois. (Read before Nat. Hist.

Soc. of Illinois, Spriugfield, Feb. 10, 1880.)

The x>ipes of the mound builders and pottery-makers. (Read

before A. A. A. S., Boston meeting, Aug. 31, 1880.)

Stone implement from base of drift. (Read before A. A. A. S.,

Boston meeting, Aug. 30, 1880.)

Ancient mounds of Illinois. (Read before A. A. A. S., Boston,

Aug. 28, 1880.)

Mound-builders and cave men of Illinois. (Read before Chicago

Academy of Sciences, March 23, 1880.)
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McGuiEE, J. D.—SheU-lieaps of South llher, Maryland. Tr. Anthrop.

Soc. Washington, i, p. 31.

McLean, J. P.—A study of American arcbieology. UmversaUst Quar-

terly, July.

Mastodon, mammotli, and man. 2d ed. Cincinnati, Robert

Clarke & Co.

Martinet, Ludovic—Monuments prehistoriiiues du Berry. liev. (Van-

tlirop., 1880, pp. 4G9-492.

Mason, Otis T.—Observation on Aztec and Guatemalan antiquities. Tr.

Anthrop. Soc. Washington, i, p. C
Millescamps, G.—Silex taill«§s et emmanches de I'epoque mcrovin-

gieune. Paris, 1880. p. 8. 8°.

Mitchell, Brainerd—Mounds in Pike County, 111. Smitbson. Rep.,

1879, p. 307.

Morgan, Lewis H.—Description of an ancient stone pueblo on the

Animas River, N. Mex., with a ground plan. Rep. Peabody Miis.,

ii, pp. 536-556.

Morse, E. S.—Dolmens in Japan. Pop. So. Month., March.

The Omori shell mounds. (From Xaiure, April 15, 1880.) Some

recent publications on Japanese archciiology. (From the Am. JSat-

uralist, Sept., 1880.) Pamphlet pub. at Salem, JMass., 1880.

Kewlon, W. S. (Oswego, Kans.)-Glacial sc^-atches and evidences ot

human agency in petrified wood. (Read at the 13th annual meet-

ing, Kansas Acad, of Sc.)

isORRis, P. W.—Prehistoric remains in Montana, between ^Fort Lllis

and the Yellowstone River. Smithson. Rep., 1879, p. 327.

OEnLER,ARTHUR-Stone cists near Highland, Madison County, 111.

Smithson. Rep., 1879, p. 366.

Oppert, M.—La methode chronologique. Rev. hist., July.

Peet Stephen D.—The emblematic mounds and the totemic system

of the Indian tribes. (Read before the Wisconsin Acad, of Sc. and

Art.) Am. Antiquarian, iii, No. 1.

[Stephen D. Peet, of Clinton, Wis., editor of the American Anti-

quarian, a quarterly journal of anthropology, which, during 1880,

appeared in its second volume. Mr. Peet has contributed largely to

his own periodical, and also has published the following
:
The mound-

builders: a classification of the different groups of their works

(Read before the Congres des Americanistes at Luxembourg, Sept.,

1876. Republished in Am. Antiquarian, ii, No. 3.]

Pengelly, W.—The time that has elapsed since the era of the cave-

men of Devonshire. Scient. J/fln:, Oct. 7.

Perkins, G. H. (Museum of Univ. of Vt.)—Archaeology of the Cham-

plain Valley. Proc. Am. Assoc, Saratoga meeting, pp. o28-o39.

Relation of the archaeology of Vermont to that of the adjoining

States. Science, Oct. 2, 1880.

Petrie, W. M. FLINDERS-Stouehenge: Plans, description, and tbe-

ories. London, Stanford. (Reviewed in Athenmm, Sept. 18, 1880.)
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PiETTE, I5douakd—Nomenclature des temps aiit-liropologiqiies primi

tifs. Laon, 1880. pp. 8. S°.

Potter, W. B., & Dr. Edward Evers—Coiitributioiis to the arcbaj-

ology of Missouri, by the arebiieological section of the St. Louis

Academy of Sciences. Part I. Pottery. 30 pi^., 5 maps, 24 jihjtes.

4'^. (Review in the Am. Naturalist, by O. T. ]Maso]i, and in tlie

Am. Art Bev., by F. W. Putnam.)

Preservation of monuments. Committee on classifying and preseiv-

ing the megalithic monuments of France. Bev. (Vantlirop., 1880, pp.

188-189.

Price, F. G. Hilton—Further notes on the Konmno-British cemetery

at Seaford, Sussex. J. Anthrop. Inst., x, 2«ro. 2, pp. 130-136.

Quick, Edgar R.—Mounds in Franklin County, Indiana. Smithson.

Rep., 1879, p. 370.

Rau, Charles (Washington, D. C.)—Tablero del Palenque en el Museo
Nacional de los Estados-Unidos. (Translated in the Anales del

Museo naciona.J de Mexico, by Sres. Joaquin Davis and Miguel Peres.)

Redding, B. B.—Prehistoric treasures. Californian, Feb.

Renault, Dr. Cii.—Inventaire des decouvertes prehistoriques et gallo-

romaines faites dans les environs de Cherbourg. Cherbourg, 1880.

pp. 30. SO.

Reynolds, Elmer R.—Ossuary at Accotink, Ya. Tr. Anthrop. Sue.

Washington, i, j). 92.

Indian mouiuls in the Shenandoah Valley. Tr. Anthrop. Soc.

Washinf/to7i, i, ]). 103.

Turtle-back celts and their uses. Tr. Anthrop. ISoc. Washington,

i, p. 30.

On the aboriginal shell heaps at Pope's Creek, Md. Tr. An-

throp. Soc. Washington, i, p. 23.

Aboriginal paint (piarry. Tr. Anthrop. Soc. Washington, i, p.

11.

Aboriginal cemeteries near Piscataway, Md. Tr. Anthrop. Soc.

Washington, i, p. 13.

The ancient soapstone quarries near Washington, D. C. Bep.

Pcahody Mns., ii, pp. 526-535.

Rhode, J.—Los iiueblos del Rio Negro. Bol. Inst. Argeiit. Geogr., 1880,

No. 3, pp. 151-157.

RiALLE, GiRARD DE—Review of Schliemann's Troy and Mycenai.

Bev. d'anthrop., 1880, pp. 77-89; of German anthropology, p. 97.

Rice, A. Thorndike—Ruined cities of Central America. N. Am. Bev.

Aug.

Robertson, R. S. (Fort Wayne, Ind.)—The mound builders of Amer-
ica. Mag. Ain. Hist., iv, p. 174. (Reprinted from the Compte-rendu,

of the Congres international des americanistes, Luxembourg, 1877.)

RocHEBRUNE, U. T. DE—Recherchcs d'ethnographie botanique sur la

flore des sepultures p6ruviennes d'Ancon. Bordeaux, pp. 20. 8^.

(Extr. des Actes de la Societe linneenne.)
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EocK, Miles—On tlie effacing power of tropical lorest-growth in Trini-

dad Island. Tr. Anfhroj). SocAYasliingUm, i, p. 20.

EoSENBERG, A.—Die Werkstiitten des Steinzeitalters auf der lusel

Eilgen. Ztschr.f. EthnoL, Berlin, 1880, pp. 175-192.

liYGH, O.—Xorwegian antiqnities: Airanged and explained by Prof. O.

Eygb, of Cliristiauia. v. 1. London and Christiania. (Eeviewed

in The Athenccum, Sept. 11, 1880; The Academy, Ang. 14.)

Salisbury^, Stephen, jr. (Worcester, Mass.)—The Mayas; Discoveries

in Yucatan; The Mexican calendar stone; ]\Iaya arcliieology ; Mex-

ican copper tools; Maya chronology. Pamphlets.

Satow, Ernest—Ancient sepulchral mounds in Kaudzuke, Japan.

Tr. Asiatic Soc. of Japan, viii, pt. iii, pp. 333-o08, 41 illus.

Savage, J.—Stone implements found in Trego County, Kansas. (Eead

at loth annual meeting, Kansas Acad. Sc.)

Short, John T.—The Xorth Americans of antiquity : Their origin,

migrations, and typo of civilization considered. Xew York, Har-

per & Brothers, 1880. 1 vol. pp. 544, illus. 8°.

[A very careful resume of the subject, drawn from older authorit ies

and from the latest investigations by the (Geological and Geograpli-

ical Surveys of the Territories.]

Smith, V. A.—Observations on some Chandel antiquities. J. Roij.

Asiatic Soc. Bent/al, i, iv.

Smith, Wokthington G.— Paheolitliic implements from the valley of

the Brent, Axe, K. J. Anthrop. Inst., ix. No. 3, pp. 31G-320 ; Xo. 4,

p. 309.

Smucker, Isaac—Cresap and Logan. (Occupies 11 pages in the sta-

tistical report of the Secretary of State's report Ibr Ohio. In the

same volume are 11 pages on Colonel Crawford's expedition.)

Flint Eidge : Its geography, geology, mineralogy, archeology

ethnology, and paheontology. (Eead before the Newark Lyceum.

Published in the ]\^ewarJc American, and after in the History of

Licking County.)

The Old Fort: A brief description of the Xewark work. (His-

tory of Licking County. In the same volume is a chapter on Welsh

settlements in America.)

[Isaac Smucker, of Newark, Ohio, is the author of several fugitive

papers of historical and ethnological importance, a part of which

are embodied in the History of Licking County, Ohio, a work of 822

double-column pages. The titles of the papers, together with their

manner of publication, appear above.]

Sourdeval, Ch. de—Le cheval a cote de I'honmie et dans I'histoire,

Paris, Hetzel, 1880. ii, 333 pp. 18°.

Stone, W. I.—Eemains of an ancient Indian work on Fish Creek,

near Saratoga Springs. Mag. Am. Hist., July.

Sttjart, Yilliers —Nile gleanings. 58 plates. Scribner & Welford.
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Thompson, Theron—Mounds in Muscatine County, lo^ra, and liock

Island County, Illinois. Smitlison. Eep., 1879.

TiLLOTSON, D. C. (N"orth Topeka, Kaus.)—Fragments ofpottery from the

Upper Solomon. (Read at the 13th annual meeting Kansas Acad, of

Sc.)

ToELLNEK, Adolph—Antiquities of Rock Island County, 111. Smith-

son. Rep., 1879, p. 863.

Vikin's (A) ship. (Architect.) Van Xostranfrs Mag., Oct.

YoGDES, A. W. (lieut. of artillery. Fortress Monroe, Va.) Notes on a

lost race of America, containing a description of the Tampa (Fla.)

shell mounds. Am. Naturalht, xiii, 1879, ]>. 9.

Who built the mounds? A. republication of Heckewelder's

traditions of the Delawares. Cartersville {(Ja.) Expresft., J\\\y 19,

1879 ; :N'. Y. Times, July 25, 1879.

"Walker, S. T.—Prelhninary explorations among the Indian mounds in

Southern Florida. Smithsou. Rep., 1879, pp. 392-427. Ilius.

[A very important contribution to knowledge.]

West, E. P.—Chambered mounds near Kansas City. (Read at 13th

annual meeting Kansas Acad, of Sc.)

— A buried race iu Kansas. Kanms City Rev., Jau.

Whittlesey, Charles (Cleveland, Ohio) —Relics of aboriginal art,

and their ethnological value. No. 52. Western Reserve and North-

ern Ohio Historical Society. IMay, 1880.

Relics of aboriginal art, and their ethnological value. Am.
Antiquarian, iii, No. 1.

Wiener, C.—Gran-Chimu et la ville de Cuzco. JJtdl. /S'oc. de (jeogr.^

Oct.

Perou et liolivie: Recit de voyage suivi d'etudes archeolo-

giques et ethnographiques et de notes sur I'ecriture et les langues

des populations indiennes. Paris, Hachette et Cie. 1 vol. 796

pp., 1,100 cuts, 27 charts, 18 plans, gr. 8^.

[In 1875, Mr. Wiener was sent by the minister of public instruc-

tion of France to Peru and Bolivia upon an archaeological and
ethnographic mission. The volume above mentioned is the report

of his labors.]

Williams, A. M. (Kansas City, Mo.)—The pueblos of New Mexico.

(Read at the 13th anuual meeting, Kansas Acad, of Sc.)

WooLLEY, Chas. F.—Shell-heaps and sand-tields. Am. Antiquariany

i. p. 253.

Indian village sites. Id., iii, p. 59.

Indian village sites in Monmouth Co., N. J. yeic Jersey Stand-

ard, Nov. and Dec, 1879, and Jan., 1880.

WoRSAAE, J. J. A.—The preservation of antiquities and national mon-
uments in Denmark. Translated by Otis T. Mason. Smithson.

Rep., 1879, pp. 299-309.

Zabarowski, — .—Tertiary man. Kansas City Rev., Oct.
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IlI.—BlOLOGY OF MAN.

Allen,, iv".—Laws of iuheritance. Sa7iitnrian, N. Y., 1880, pp. 385-3U0.

Amat, L—Calcul mental et conformation crauienne. Rev. scicnt, Pans,

1880, pp. 29-32.

Anatomy.—Comparative. /ScieHce, i, p. .".22.-Enceplialic. Id., v. -...

Anthropoid brain. Science, i, p. 25.

Anthropometric committee of the British Association, Extracts

from the report of the. J. Anthroj). Inst, ix, ^o. 3, pp. 315-3a2.

Ayrton, Matilda Chaplin—Eecherches sur les dimensions generates

et sur les developpemeuts dn corps chez les Japonais. Paris, 18.9.

Baillarger & KRisiiABER-Cretiu. Diet, cncijcl. d. sc. mcd., Pans,

1879, 1- s., xxiii, pp. 126-140.
^^ , t> 1^.-0

Beard, G. ]Nr.—English and American physupie. ^.Am. her., If5..»,

csxix.
^

Benedikt, M.—Ueber Kraniometrie. CentraWJ. J. ^ervenh., ( ob.eii/,

1879, ii. ,^ , ,

Weiterc methodische Studicn zur Kranio- und Kephalometrie.

Wien, 1880. 8°. (From Mitth. d. Anthrop. Gesclhch. in Wien, 1880,

ix, pp. 318-371.)

BenzenCtUE, Dr.-Les sourds-muets de Moscou. Eev. d'anthrop., bShO,

pp. 2<-oo.

Bertillon, J.—Statisticpie anthropometriquo et medicalc des eleves

des ecoles priinaires de Bruxelles. Ann. de dcmofj. internat, Pans,

1879, iii.

Blache, E.-Developpement physicpie de I'enfant depuis la naissanco

jnsqu'an sevrage. Union mcd., Paris, 1880, 3- s., xxix, pp. 386;

433; 441.
-. , , i

Blake, C. J.—Exostoses in the ear canals of the mound buiklers.

Tr.Am. Otol. Soc, Boston, 1880, pp. 417-419; Am. J. OtoL, ^. \.,

1880, pp. 295-297.

Bono, G. B.—Delia capacita orbitale e cranica e dell' mdice cetal-

orbitale nei normali, pazzi, cretini, e delinquenti. Arch, di psichtat,

c^c., Torino, 1880, pp. 299-313.
.

BORDIER-Sur les crfmes d'assassins. Bull. Soc. d'anthrop. de Paris,

1879. ^ .

BOTELER, W. C—Peculiarities of the American Indians Irom a physio-

logical and pathological standpoint. Maryland M. J., Balti-

more, 1880-81, vii, pp. 51-58.

Broca, Paul—Crane et cerveau d'un hoinme atteiiit de la deformation

toulousaine. Bull. Soc. dhinthrop. de Paris, 1879, ii.

iSur la determination de Page moyen. Bull. Soc. dhmtJirop. de

Paris, 1879, iii.

Snr un crane de fellah et sur I'usure des dents. Bull. Soc.

cVanthrop. de Paris, 1879, ii.
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Broca, Paul.—Instructious generales pour les reclierclies antbropolo-

giques ti faire sur les vivants. 2""^ ed. Paris, (1. Masson, 1879.

301 pp., 1 pi. SO.

Burnett, Swan M.—Color blmduess as afi'ected by race. Tr. Anthrop.

Soc. Wash hiffton, i, p. 7.

CnASSAGXE & Dally—Eecherches autliroi)ometriques sur les effets de

la gvmuastique d'eutrainement. Bei\ (Vanthrop.j 1880, pi). 230-2G4.

Delisle, F.—Contributions a Fetude dcs deforraatious artiticielles du
craue. Gaz. nmL-chir. de Toulouse, 1880, pp. 194; 202; 210; 218;

226; 234; 242; 250.

Contribution a I'etude des deformations artificielles du crane.

Paris, Parent, 1880. C7 pp. 8°. (These de doctorat.)

DucATTE, Edmond—La iuicroc(iphalie an point de vue de I'atavisme.

Paris, 1880. 95 pp. 4=^.

Duval, Mathias—liecberches sur I'origine reelle des nerfs craniens.

J. deVcmat. etde la physiol., sept. 1870, mars et nov. 1877, jan. et juil-

let 1878, sept. 1879, mai-Juin, sept.-oct. 1880.

Fallot—Sur le cerveau d'une jeune Indienne nee ii Caracas (Vene-

zuela). Bull. Soc. d'anthrop. de Paris, 1880, pp. 445-450.

Sur le cerveau d-un ]Malais ne a Manille. Ibid., pp. 441-445.
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Islands. J. Anihrop. Inst., x, Xo. 2, i)p. 153-174.
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Granjux—L'hygiene de la premiere enfance chez les negres de la Cote
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Granville, J. M.—A note on the intention in the determination of sex,.
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Hadra, B. E.—Mensuration of the thorax below the diaphragm. Boston

M. cfc S. J., 1880, pp. 247-249.

Harris, E. P.—Foot-binding in Ningpo, China. Med. d; Surg. Reporter,
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Haymond, W. S.—Human longevity. Tr. Indiana M. Soc., Indianap.,
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Petersburg, 1880. ii, pt. i, pp. 71-98. [lu Eussiau.]
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Lacassaigne—Eicherche su 1,333 tatuagzi di (U4iu(iueuti. Arch, di
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416 ANTHROPOLOGY.

Ogston, F., jr.—Ou the average length and weight of mature new-born
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S. Mis. 31 27
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Arch./. Anthrop., 1880, xii, pp. 315-358.

Wake, C. Staniland—La barbe consider6e comme caractere de races.
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Bird, Isabella L.—Unbeaten tracks in Japan. 2 vols., with map and

illustrations. London, John Murray, 1880.
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du russe, avec autorisation de I'auteur, par G. du Laurens. Precede

d'une preface de E. Delmar-INIorgan, et d'une introduction du colo-

nel Yule, traduites de I'auglais, avec I'autorisation des auteurs, par

J. Belin de Launay. Paris, Hachette, 1880. Ivi-Sll pp., fig. and

charts. 8°.

Putnam, F. W.—The Indians of California. From the Bulletin of the

Essex Institute, vol. 12, March 1, 1880.

Eaffray, Achille—Afrique orientale, Abyssinie. Paris, Plon et Cie.,

1880. 2'"« ^d. xiii-29G pp. 18°.

Eeclus, E.—Studies of primitive peoples. Internat. Bev., New York,

1880, n. s., viii, 457-471.

Eeed, Sir Edward J.—Japan : its history, traditions and religions,

with the narrative of a visit in 1870. London, John Murray, 1880.

2 vols. With maps and illustrations. (Eeviewed in Nature, Oct.

28, 1880.)

Eevoil, Georges—Voyages an Cap des Aromates (Afrique orientale).

Paris, Dentu, 1880. x-299 pp., dessins et cartes. 18°.

Eey, Philippe-Marius—£tude anthropologique sur les Botocudos.

( These de doctorat en medecine.) Paris, 1880. 85 pp. 4°.

Eeynaud, Alfred—Contribution a I'histoire naturelle de I'homme: les

Tsiams et les sauvages bruns de I'lndo-Chine, ethnographie et an-

thropologic. Paris, A. Parent, 1880. 58 pp. 8°.

EiALLE, GiRARD DE—Les peuples de I'Afrique et de I'Amerique.

Bibliotheque utile, vol. 4. Paris, BaUiere & Cie., 1880. pp. 184. 12o.

EoEPSTORFF, F.-A. DE—Les lies Andaman. Extract from the author's

report to the SocietS generale des prisons upon the penal colonies of

the Andaman islands. Bev. scient., Jan. 3, 1880.
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EoYCE, C. C.—All iuquiiy into the history iiud identity of the Shawnee
Indians. Tr. Antliroj). ISoc. Wasliingtoii, i, p. 94.

EUELLE, Charles-I5mile—I)ibliogTax)hie geuerale des Gaules; reper-

toire systematiqne et alphabetiqne des ouvrages, memoires et notices

concernant I'histoire, la topographie, hi religion, les antiqnites, et le

langage (h' la Ganle Jusqu'a la tin du v""' siecle. Premiere periode.

Publications faites depuis I'origine de rimprimerie jusqu'en 1870 in-

clusivement. I'^^livr. Avertisscment. Bibliographic. Paris, librai-

rie de la Societe bibliographique, Dumoidin, Firmin Didot et Cie.,

1880. xviii-415 pp. 8^.

EussiA. The ethnography of. Orient. Church Mag., Sept.

ScHADENBERG, A.—Ucbcr die Negritos der Philippinen. Zfschr. f.

Ethiiol., 1880, pp. 133-174.

Schneider, L.—Bohmens Einwohiier zur Zeit des Tacitus. Ztschr.f.

EthnoL, 1880, pp. 102-105.

Seidlitz, JST. yo's—Ethnogniphie des Kaukasus. Chart and statisti-

cal tables. Petermaiuin Mitth., Bd. 26, 1880, ix, p. 340.

Shea, John Gilmary—A description of Louisiana. By Father Louis

Hennepin. Translated from th(; original edition of 1083, with notes

showing the variations in the "New JJiscovery" of 1G97, and com-

paring it with contemporary documents. For sale by Eobert

Clarke & Co., Cincinnati, Ohio. [Only 250 copies have been

printed.]

Sibree, JA3IES—The great African island : chapters on Madagascar.

With mai)s and illnstnitions. London, Triibner & Co. (Reviewed

in The Academy, Aug. 11.)

SiMSON, Alfred—Notes on the Jivaros and Canelos Indians. J. An-

throp. Just.., ix, No. 4, pp. 385-304.

Smiknow—Snr la coideur des cheveux et des yeux de divers peuples du

Caucase. Jiull. Soc. iVanthrop. de Paris, 1880, pp. 431-430.

Stein, F. von—Die Tnrknienen. PeieniunurH Mitth., Bd. 20, 1880,

ix, pp. 325-340.

SUAREZ, F. G.—Estudio historico sobre los Caiiaris, antiguos habi-

tantes de la provineia del Azuay en la repiiblica del Ecuador.

Quito, 1878. 57 pp., 5 tables. 4°.

Tappeiner—Beitriige zur Anthropologic Tirols. Ztschr. f. Etlmol.^

Berlin, 1880, pp. 209-288.

TUKE, D. Hack—The Cagots. J. Anthrop. Inst., ix. No. 4, i)p. 370-385.

Ujfalvy de Mezo Kovesd, Ch.-E. de—Expedition scientiflque fran-

gaise en Eussie, en Siberie. Tome iii. Les Bachkirs. Paris, 1880.

gr. 80.

Les Bachkirs, les Vepses et les antiqnites finno-ougrienues et

altaiqnes, precedes des resultats anthropologiques d'un voyage en

Asie centrale. Paris, 1880. 8^.

Vambj&ry, Arminius—The Turcomans between the Casjnan and the

Merv. •/. Anthrop. Inst., ix, No. 3, pp. 337-345.
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ViRCHOW, E.—Eskimos von Labrador. Verhandl. d. Berl. Gesellsch. f.

Anthroj)., 1880, pp. 253-25(5.

VoGT, C.—Sur les Lapous. Bull. iSoc. d'ajithrop. de Farisj 1880, i)i).

390-394.

Wake, C. Stanila^d—Xotes on the Polj^nesian race. J. Aiithrop.

Inst, X, :So. 1, pp. 109-123.

WeisberGtEK.—Sur des observations anthropologiques faites dans un

voyage en Sahara. Bull. Soc. dhinthrop. de Paris, 1880, pj). 48G-490.

Weisberger, Dr. H.—Excursion anthropologique au Sahara. Jiev.

Wanthrop., 1880, pp. 651-668.

"WoRSAAE, J. J. A.—La civilisation danoise a l'epo(iue des vikings.

Traduit du danois par I'abb^ Morillot. Copenhague, 1880. pp.

42, gravures. 8°.

Wylee, a.—Notes on the western regions. Translated from the

"Tseen Ilan Shoo," book 96, part 1. J. Anthrop. Inst., x, Xo. 1,

pp. 20-72.

Yule, Col.—Xotes on analogies of manners between the Indo-Chinese

races and the races of the Indian Archipelago. J. Anthrop. Inst.,

ix, 'So. 3, pp. 290-304.

Zaborowski—Sur le type des Franco-Germaius dans les sei)ultures

prehistoriques de la Baltique et sur le Dniester. Bull. Soc. d'an-

throp. del'aris, 1880, pp. 436-440.

YI.

—

Glossology.

Adam, L., & C. Leclerc—Arte de la lengua de los ludios Baures de

la provincia de los Moxos. Conforme al manuscrito original del P.

Antonio Majjo. Paris, Maisonneuve; London, Kutt.

Aston, W. G.—A comparative study of the Javanese and Corean lan-

guages. J. Roy. Asiatic Soc, Aug.

Grammaire samoaue. Rev. Unguistiqiie, Oct.

Avery, J.—Influence of the aboriginal tribes ujion the Aryan speech

of India. Oriental & Biblical Journal, iii.

Ball, Y.—On Xicobarese ideogra])hs. J. Anthrop. Inst., x, Xo. 1, pp.

103-107.

Bayce, ARcniBALD H.—Introduction to the science of language.

Scribner & Welford.

Brandreth, E. L.—The Gauiian compared with the Iloman language.

J. Roy. Asiatic Soc. Gr. Brit., dc, ii, July.

Bunker, Eev. A.—On a Karen inscription plate. J. Am. Oriental Soc,

X, ii.

Charency, H. de—Archeologie americaine. Dechifl'rement des ecri-

tures calculilbrmes ou Mayas, le bas-relief de la croix de Palenque

et le manuscrit Troano. Alengon, de Broise, 1880. 52 pp., fig.

8°.

Eecherches sur les dialectes tasmaniens. Alengon, E. de
Broise, 1880. 8°. 56 pp. (Pnhlished in Actes de la Societe j^hilolo-

gique, tome xi, l*"" fascic, 1880.)
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Clark W. P.—Sign lauguage of tbe North American Indians. United

Service Mag., July.

Gushing, J. N.—Grammatical sketch of the Kakhyen language. J.

Boy. Asiatic Soc. Gr. Brit., &c., July.

Gust, E. N.—Linguistic and Oriental essays written from the year 1846

to 1878. London.

Fay, E. a.—The testimony of the romance languages concerning the

forms of the imperfect and pluperfect subjunctive in the Eoman

folk-speech. It: Anthrop. Soc. Washington, i, p. 72.

Gatschet, Albert Samuel—The numeral adjective in the Klamath

language of Southern Oregon. Am. Antiquarian, ii, No. 3, pp.

210-217.

The Timucua language. (Read before the American Philosophi-

cal Society, Feb. 20, 1880, and printed in their proceedings, pp.

465-502.)

[Mr. Gatschet conducts the department of Indian linguistics in the

Am. A7itiquarian. The above is his third article on this subject.

Article 1 was read before the Am. Phil. Soc, April 6, 1877;

article 2, April 5, 1878 (1877, pp. 1-17; 1878, pj). 400-504).]

Indian color names. Tr. Anthrop. Soc. Washington, i, p. 10.

Geoffroy, J.—La connaissance et la denomination des couleurs. Bull.

Soc. (Vanihrop. de Paris, 1879, p. 11.

Gilbert, G. K.—Some Indian pictograi)hs. Tr. Anthrop. Soc. Wash-

ington, i, p. 4.

GULICK, L. n.—A v()cal)ulary of the Ponape dialect. J. Am. Oriental

Soc, X, p. 11.

HOERNLE, A. F. Rudolf—A comparative grammar of the Gaudian

languages, with special reference to tl;e eastern Hindi. Triibner.

(Reviewed in The Academy, June 19th.)

Houghton, W.—Hieroglyphic or picture origin of the characters of the

Assyrian syllabary. Tr. Soc. Biblical Archccology, vi, p. 2.

Ho\t^lacque,'^Able,' Emile Picot, & JULIEN Vinson-Melanges

de linguistique et d'anthropologie. Paris, 1880.

Keane, a. U.—On the relations of the Indo-Chinese and inter-oceanic

races and languages. J. Anthrop. Inst., ix, No. 3, pp. 254-290.

KiNGSMiLL, T. W.—The ancient language and cult of Chows. J. If.

China Branch Boy. Asiatic Soc, xii.

Lanman, C. R.—Recent publications in the field of Indian antiquities.

Am. J. Philology, Oct.

Lepsius, R.—Nubische Grammatik mit emer Eiuleitung fiber die Volker

und Sprachen Africas. Berlin, Besser, 1880. 8°.

McCuRDY, J. F.—Relations of the Aryan and Semitic languages. Bi-

hliotheca Sacra, July, Oct.

MacIntyre, J.—Notes on the Gorean language. China Bev., Jan., Feb.

Mallery, Garrick—(Smithsonian Institution—Bureau of Ethnology).

The sign language of the North American Indians. Tr. Anthrop.

Soc Washington, i, p. 19.
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Mallery, Garrick.—Intioductiou to the study of sign language

among the ISToith American Indians as illustrating the gesture speech

of maukiud. By Garrick jMallery, Brevet Lieut. Col. U. S. Army.
Washington, Government l4inting Office, 1880. iv, 72 pj). 4°.

A collection of gesture signs and signals of the North Amer-
ican Indians, with some comparisons. By Garrick Mallery, Brevet

Lieut. Col., and formerly Acting Chief Signal Ofticer, U. S. Army.
Distributed only to collaborators. Washington, Government Print-

ing Office, 1880. Title, 329 pp. 4^.

Mason, Otis T.—A comparison of a written language with one that ivS

spoken only. Tr. Anthrop. iSloc. Washinfiton, i, ]). 21.

Masqueray, E.—Comi)araison d'un vocabulaire du dialecte des Zeuaya

avec les vocabulaires correspondants des dialectes des Chacoia et

des Beni-Uzab. Arch. d. missions seienf., Dec.

Matthew, John—On the Kabi dialect of Queensland. J. Anthrop. Inst,

ix, No. 3, pp. 312-316.

Meyer, H.—Origin of the Etruscan language. Deutsche Emidschau,

Aug.

Miller, O. D.—Accadiau or iSumerian? Oriental d- Biblical Journal,

iii.

Molina, Padre Fr. Alonzo de—Vocabulario de la lengua mexicana;

publicado de uuevo i)or Julio Platzmann. Edicion facsimilaria.

Leipzig, B. G. Teubner, 1880. (Paged recto only.) Parte I: Cas-

tellano-Mexicano (en Mexico, 1571), p. 121. Parte II: Mexicano-

Castellano (en Mexico, 1571), p. 102.

New:iian, F. W.—Xotes on the Libyan languages. J. Roy. Asiatic Soc.

Or. Brit., t&c, July.

Ojibbeway Book of Common Prayer. Published in the syllabic charac-

ters invented by the missionaries, by the Society for Promoting

Christian Knowledge.

Oppert, Gustav—On the classification of languages: a contribution

to comparative i^hilology. London and IMadras, Triibner. (Re-

viewed in The Academy, July 11.)

Orozco y Berra, Manuel (Mexico)—Codice Mendocino: Ensayo de

descifracion geroglifica (continuacion). An. d. Museo nacionaJ de

Mexico, ii, pp. 47-82, with plates and bibliography, 127-130; 205-

222.

Parisot, J.—Note sur la langue des Taeusas. Eev. linguistique, April.

Parker, E. H.—Syllabary of the Hakka language or dialect. Chiyia

Rev., Jan., Feb. .

Postgate, J. p.—A philological examination of the myth of the sirens.

Am. J. Philohgy, xvii.

Powell, J. VV.—On the evolution of language, as exhibited in the spec-

ialization of the grammatic processes, the ditferentiation of the parts

of speech, and the integration of the sentence, from a study of In-

dian languages. Tr. Anthrop. 8oc. Washington, i, p. 35.
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Po\VELL, J. W.—Smitlisoniau Institution—Bureau of Ethnology. J. W.
Powell, Director. Introduction to the study of Indian languages,

with words, i)brases, and sentences to be collected. 2d ed. With
charts. Washington, Government Printing Office, 1880. xi, 228 i)p.

(and 8 ruled leaves). 4°. 4 cliarts.

Ehea, Eev. S. A.—Brief graniuuir and vocabulary of the Kurdish lan-

guage. J. Am. Orient. Soc, x, p. II.

Riddel, A.—A grammar of the Chinyanja language as spoken at Lake
Nyassa, with Chin.-English and Eng.-Chinyanja vocabulary. Edin-

burgh, Maclaren, 1880. I6o. 150 pp.

EocK, Miles—Indian pictographs in ^ew Mexico. Tr. Anthrop. Soc.

Washington, i, j). 10.

EoGERS, E. T.—Dialects of Arabic. J. Roy. Asiatic ^oc, Aug.
Sayce, a. H.—Introduction to the science of language. 2 vols. Lon-

don, Kegan, Paul & Co., 1880. {Nature, May 20, 1880. Eeviewed
by A. H. Keaue.)

Smith, Mrs. E. A.—The language of the Iroquois. Science, Sept. 11.

Valentiisi, Philipp J. J.—The Landa alphabet; a Spanish fabrica-

tion. From the Proc. Am. Antiquarian Soc, April 28, 1880.

Vinson, J.— Escjuisse gramniaticale de la langue de God. Kev. lin-

guistiqu£, Oct.

Ward, Lester P.—Savage and civilized orthoei)y. Tr. Anthrop. Soc.

Washington, i, p. 10(3.

Whitney, W. D.—A Sanskrit gra.mmar, including both the classical

language and the older dialects of Veda and Brahmauii. Leipzig,

Breitkopf & Iliirtel; London, Triibner & Go. {TheAthouvum, July

3, 1880; The Academy, June 20, July 3.)

VII.

—

Comparative technology.

Beck, L.—Das IMeteoreisen in technischer uud culturges(;hichtlicher

Beziehung. Arch.f. Anthrop., 1880, xii, pp. 293-314.

Butler, Prof. J. D.—Aboriginal use of copper in war and peace. Am.
Antiquarian, iii, No. 1.

Ohantre, E.—Notes anthropologiques ; de Torigine orientale de la

metal lurgie. Lyon, 1880. 4o.

CONDER, JosiAH—The history of Japanese costume. Tr. Asiatic Soc.

Japan, viii, iii, pp. 300-41"), col. pi.

Dahlberg, E. N. & Charles L.—Composition of ancient pottery, &g.

Smithson. Eep., 1879, p. 349.

Farrer, J. A.—Savage and ci\ilized warfare. '/. Anthrop. Inst., ix. No.

4, pp. 358-309.

Goode, G. Brown—The use of agricultural fertilizers by the American

Indians and the early English colonists. Tr. Anthrop. Soc. Washing-

ton, i, p. 21. [In extenso in Am. Naturalist, July, 1880.)

Gore, J. Howard—Tuckahoe, or Indian bread. Tr. Ayithrop. Soc

Washington, i, p. 101.
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Hoy, p. K. (Eacine, Wi«.)—How were copper imi)lements fabricated by
the aborigines of this country "? Wis. Hist. Collections, viii.

Jade and the primitive art-workmen. Builder, Jan. 31.

Knight, Edward H.—A study of the savage weapons at the Cen-

tennial Exhibition, Philadelphia, 1876. Smithson. Eep., 1879, pp.

2lo-2i)l. (Profusely illustrated.)

MoKGAN, Lewis H.—A study of the houses of the American aborigi-

nes; with suggestions for the exploration of the ruins in Xew
Mexico, Arizona, the valley of the San Juan, and in Yucatan and

Central America. Under the ausi>ices of the Archaeological Insti-

tute of America. Eejjort 1879-'80.

Oppeet, G.—On the ancient commerce of India. Madras J. Lit., i.

Putnam, F. W.—Pueblo pottery. From the A7n. Art Rev., Feb., 1881.

Schumacher, Paul—The method of making pottery and baskets by
the Indians of Southern California. Eep. Peabody Mus., ii, pp.

521-525.

SoLLAS, W. J.—On some Eskimo bone inii)lements from the east coast

of Greenland. J. Anthrop. Inst., ix, No. 3, pp. 329-330.

Tylor, E. B.—On the origin of the plow and wheelcarriage. J. An-

throp. Inst., x. No. 1, pp. 74-83.

VoGT, C.—L'ecriture consid6r6e au point de vue physiologique. (Ee-

vue des cours scientifiques ; Paris, 26 juin 1880.)

WiTTMACK, L.—Ueber antiken Mais aus Nord- und Siid-Amerika.

Ztschr. f. Ethnol, 1880, pp. 85-97.

VIII.

—

Sociology.

Bandelier, Ad. F.—On the social organization and mode of govern-

ment of the ancient Mexicans. Eep. Peabody Mus., ii, pp. 557-699.

Berenger, Dr. Feraud—Note sur la secte des Simos au sud du
Senegal. Rev. Wanthrop., 1880, pp. 424-440.

Bertillon, J.—La statistique humaine de France. Paris, 1880. 16°.

(See Rev. Wanthrop., 1880, p. 091, for a review of the demography
of Algiers.)

De I'influence du mariage sur la tendance au suicide. Bull.

Soc. d'anihrop. de Paris, 1880, pp. 277-295.

Buddhist (A) family; or, village religious life in India. Theosophist,

June.

Buriveese village. Life in a. (Spectator.) Living Age, Oct. 16.

Chastity—Its development and maintenance. Westminster Rev.

(Am. ed.), 1880, pp. 466-468.

Dunbar, J. B.—The decrease of the North American Indians. Kansas
City Rev., Sept.

Enfant (L') chez les sauvages et chez les civilises. Rev. hritannique,

Nov.

EuNUQUES (Les) en Chine. Rev. crit. dliistoire, March.
FisoN, Eev. LoRiMER—Australian marriage laws. J. Anthrop. Inst.j

ix, No. 4, pp. 354-358.
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risoN, Eev. LORIMER-Notes on Fijian burial cnstoms. J. Anthrop,

Jn.sf., X, 2s^o. 2, pp. 137-148.
., ., t .

Views of primitive marriage. Fop. ^c. Month, Jm^e

FLOWER, Prof. W. H.-Fastiion in deformity. HI. Fop. Sc Month,

Gore' j\ UowAKD-Tbe developu.ent <>f deUberative gnn-ernment amon^^

the Xorth American Indmns. Tr. A nthrop. Soc. M ashn^oton, i, p. 58.

. Tlie old IJoman senate ; a stndy of deliberative assembbes. Tr.

Anthrop. ^Vx^ ]Vi(shin(iton, i, p. 0.
.^

GRELLETV-Le, nuuiage; ses avautag.s; .sa .noral,... J/».».. pou,

torn, Paris, 1880, v. No. xv, p. 08.
,r ,

• ,„„ i „ ino
HOUGH M B. W.-Ciyilization. iV. 4«(;,roi,. *'oc. Wa,hm,jton,

, p. 100.

LeC G.-L'homme et les societ^s, leur origiae et leur b.stmre.

I'aiis, Rotliscliild. „ .

LETOl-UNEAU, CHARLES-La sociologie <rai"es Pethuographie. 1 a.iN

Eeinwakl, 1880. xvi-5Sl pp. 18°.
Tl,M™lian

LYLE D. A. (Lieutenant of Ordnance, Spnngheld, Mass.)-rUe Indian

nuestion. SnringtieUl Sunday RcpMican, March 7, 18»0.

Mikl"cho-MacLy,' vo.-Gescblccl„licl>er Un,g.u,g nm Madcben

vor der GescUlecUtsreife derselben. mcUr.J. Ethml, be.lm, 1880,

!:*langbeinigkeitdcranstraiieniscl,cli Franon. !/,«/., p. 89.

sicUnng des P=u.res bein, C.itus nnd das AusscUlcudern dei.

Bpermas voui Weibe nacb dcaiselbeu. JfrW., p. 87.

1 Ueber die JliUa-Opcration in (Jeutral-Austraben Ib,d. 8^-»7

;^E.i. AuxnuK-Tla, past in the present: Wbat ,.s cv.h.atron

Ediubnrgb, Do«gb.s. (Reviewed in T^e.l«/j.««-».«, Aug- -^N 1880.)

IvroNIAGTIE 0.-Al>out Idssing. rotter's Am. Month., Feb.

Pickerikg; W. A.-CUiuese secret societies. J. Straits Bramh Royal

PowtS''ji WE.EEV-Wyandotte goverun.ent. A short stndy of

triba'l society, delivered at the Boston meeting^ of the

^J™™-
Association for the Advancement of Science, August 1, 1880, l^y

tl^TW Powell, Director Bureau of Ethnology, Washiugtou. [lu

iti;;; ™b 1, no. n, New York, Oct. 23, 1880. Eeprinted m

Severn? New York and Bo.stou newspapers and in Cony. Record of

Feb 1 1881 ]
Tr.Antlirop. 800. WasMnnton, 1, p. ><>

''°':xtiugd« rthe United States. Tr. A .,t„ro,. Soc. WasUny

SPENCEK HEEBEKi-Cerenionial institutions; being part iv of "The

Prlc'iides of sociology" (the first portion of vol. u). New York,

D. Appleton & Co., 1880. 1vol. 237 pp. 12°.
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Spencer, Herbert.—The development of political institutions. I.

—

Preliminary. Pop. So. Month., ISTov., Dec.

Descriptive sociology ; or groups of sociologian facts, classi-

fied and arranged by Herbert Spencer. Compiled and abstracted

by David Duncan, M. A., Professor of Logic, &c., in the Presidency

College ; Eichard Scheppig, Ph. D. ; and James Collier. Hebrews
and Phoenicians. Compiled and abstracted by Eichard Scheppig,

Ph. D. New York, D. Appleton & Co. No. 7 of the series.

Wheeler, J. T.—Peasant life in Bengal. {Macmillanh) Eclectic Mag.,

Oct.

Yarrow, Henry Crecy—(Smithsonian Institution—Bureau of Ethnol-

ogy. J. W. Powell, Director.) Introduction to the study of mor-

tuary customs among the North American Indians. By Dr. H. 0.

Yarrow, Act. Asst. Surg. U. S. A. Washington, Government
Printing Oftice, 1880. ix, 114 pp. 4o.

Burial customs of the North American Indians. Tr. Anthrop.

Sac. Washington, i, p. 58. [Published in extenso in the author's vol-

ume on the mortuary customs of the North American Indians.]

IX.—DAmONOLOGY.
Anderson, Easmus B.—Teutonic mythology. Am. A7itiqiiarian, ii,

No.4. [Professor Anderson conducts the department of Pre-Colum-

bian History in the American Antiquarian.]

Balfour, F. H.—The flower-fiiiries. China Rev., March, April.

Ball, V.—Wolf-reared children. (Extracted from " Jungle Life in In-

dia", p. 454 et seq.) J. Anthrop. Inst, ix. No. 4, pp. 465-474.

Barth, H.—Les religions de I'Inde. Paris, Fischbacher, 1880. 180 pp.
8^.

Bastian, Adolf—Die heilige Sage der Polynesier. Kosmogonie und
Theogonie. Leipzig, F. A. Brockhaus, 1881. 8°. (Preface dated

Berlin, Nov., 1880.) xii-302 pp. (Eeviewed in the Nation, April,

1881, No. 825.)

BoscA^VEN, W.—Notes on Assyrian religion aud mythology. Tr. Soc.

Biblical Archceology, vi, j). 2.

Budge, A.—Assyrian incantations to fire and water. Tr. Soc. Biblical

Archceology, vi, p. 2.

Charency, M. de—Ages cosmiques d'apr^s la mythologie mexicaine.

Ann. de philosophic chretienne, Nov., i, 15 pp.

Chevrier, Edmond—De la religion des peuples qui ont habits la Gaule,

suivi des monuments m^galithiques en Gaule. Bourg, Authier et

Barbier, 1880. 80 pp. 8°.

Cox, G. W.—The migration ofpopular stories. {FraserhMag.) Eclectic,

Sept.

Homeric mythology aud religion. A rei)ly to Mr. Gladstone.

Frazer^s Mag., Dec.

Forms of salutations. Eclectic Mag., Jan.
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DoRSEY,Kev. J. Owen—The rabbit and the grasshopper; an Otoe myth-

Am. Antiquarian, iii, No. 1.

DUBNIDON, p.—Le culte des niorts et les cimetieres. Rev, occidentale,

Jan.

Dyer T. F. Thiselton—The moon and its folk-lore. Gentleman^s

Maq., Aug.

Folk-songs, Venetian. Cornhill Mag., Oct.

Gardner, W. H.—A flock of mythological crows. Pop. Sc. Month.,

Nov.

Gaster Dr.—Jewish and comparative folk-lore. Monatsschr. f.

Gesellsch. d. Judentlmtm, Jan.

Gatschet, a. S.—Superstitions. Tr. Anthrop. 8oc. Washington, i, p.

loa.

The four creations of mankind. A Tualati myth. Tr. Anthrop.

Soc. Washington, i, p. 00.

GOMME, G. L.—Folk-lore and the Folk-lore Society. Antkpmry, Jan.

GuyAN, M.—i:)e I'origine des religions. Eev. philosophique, Dec.

Hoffmann, W.—Russian superstitions. Penn Month., Jan.

JOLY, J.—The origin of Norse mythology. Academy, Jan. 24.

Knighton, W.—Demoniacal possessions in India. Nineteenth Century^

Oct.

Leclercq, B.—Histoire de la divination dans rantiquite. Bbv. crit.

d''histoire, Dec.

Legge, James—The sacred books of China. The texts of Confucianism.

Part i. Oxford, Clarendon press. (Eeviewed in The Athencmm,

Sept. 18, 1880.)

LUQUIENS, J.—The Avesta and tht; storm myth. Neiv Englander, Sept.

McClintock, Letitia—Beasts, birds, and insects in Irish folk-lore.

Eclectic Mag., Jan., from Belgravia.

Maget, G.—Culte de Sinto. Philos. positive rev., Sept.-Oct.

Mallery, Garrick—Comparative mythology of the two Indies. Tr.

Anthrop. Soc. Washington, i, p. lli.

Mayers, W. F.—On the stone figures at Chinese tombs and offering of

living sacrifices. J. N. China Branch Boy. Asiatic Soc, xii.

MULLER^ F. Max—The sacred books of the East. Vol. i. The Upa-

nishads. Oxford, Clarendon Press. (Reviewed in The Athenwum,

Auo-. 14, 1880. For a review of subsequent volumes, see Nature

j

July 1.)

Nubian races. Pop. Sc. Month., Aug.

PiETREMENT, C. A.—Lcs chcvaux de I'Avesta et le myth de Tistrya.

Rev. Unguistique, July.

Powell, John Wesley—Mythologic philosophy. An address by John

W. Powell, vice-president, before the American Association for the

Advancement of Science, at Saratoga, N. Y., August, 1879. (Re-

printed from vol. xxviii of the Proceedings of the American Asso-

ciation for the Advancement of Science.) Salem, printed at the

Salem Press, 1880. 30 pp. So.
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Eehetsek, E.—Oriental folk-lore. Calcutta Bev.^ April.

Eenouf, p. le Page— The origin and growth of religion as illustrated

by the religion of ancient Egypt. (The llibbert Lectures for 1874.)

New York, Ch. Scribner's Sons, 1880. 1 vol. 270 pj). 12o.

Rhys Davids (T. W.)—l>nddhist birth stories; or, Jataka tales. Vol.

i. Triibner.

RicCARDi, Dr. Paolo—Atheism, fetichisui, and authropooiorphism.

Studies in the science of religion. Arch. p. Vantrop., Florence, x, No.

1, 1880.

EiGGS, Rev. Stephen R.—The theogouy of the Sioux. Am. Antiquarian,

ii, No. 4.

Smith, W. R.— A.nimal worship and animal tribes among the Arabs in

the Old Testament. J. Philology, xvii.

Souche, B.—Croyances, presages et traditions diverses. Niort, 1880.

pp. 52. 8o.

Walhouse, M.—Rag bushes in the East. Indian Antiquary, June.

Westropp, Hodder M.—Notes on fetichism. J. Anthrop. Inst., ix. No.

3, pp. 304-312.

X.

—

Instrumentalities of research.

American Association. Science, i, |)]>. 42-200, occasionally. A list

of the i)apers will be found in the Am. Naturalist for October.

[The meeting at Boston was the largest ever held. The papers,

a list of which is given below, were exceptionally valuable. The
president's address will be found recorded under the name of Maj.

J. W. Powell.]

1. Ethnology of Africa. A. S. Bickmore.

2. Myths and folk-lore of the Irocpiois. Erminnie A. Smith.

3. Prehistoric altars of Whitesides County, 111. W. O. Ilolbrook.

4. Theory of primitive democracy in the Alps. D. W. Ross.

5. Ancient mounds near Naples, 111. J. G. Henderson.

6. The mounds of Illinois. Wm. McAdams.
7. Prehistoric and early types of Japanese pottery. E. S. Morse.

8. Scheme of the tenth census for obtaining statistics of untaxed

Indians. Garrick Mallery.

9. Stone implements from the river drift of New Jersey. C 0.

Abbott.

10. Indications of pre-Indian occupancy of the Atlantic coast of

North America subsequent to that of palaeolithic man. C.

C. Abbott.

11. The probable existence in America of the prehistoric practice

of trepanning in the cutting of rondelles or annilets from

the skull. R. J. Farquharson.

12. The Dacotah tribes. Gen. H. B. Carrington.

13. Textile fabrics of the ancient inhabitants of the Mississippi

Valley. J. G. Henderson.
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American Association—Continued.

14. Engraved tablet from a mound in Oliio. W. J. Knowlton.
• 15. Japanese caves. E. S. Morse.

16. Ancient agricultural implements of stone. Wm. McAdams.
17. Alabaster quarries, flint mines, and otber antiquities of Mam-

moth, Wyandot, and Luray caverns. H. C. Hovey.

18. The classification of kindred by the North American Indians.

J. W. Powell.

19. On the Iroquois languages. Erminnie A. Smith.

20. On the rank of the Indian languages. J. W. Powell.

21. Remarks on the mound-builders. J. F. Everhart.

22. Contemporaneous existence of mastodon and man in America.

R. J. Farquharson.

23. Conventionalism in ornamentation of ancient American i^ot-

tery. F. W. Putnam.

24. On the occurrence in New England of carvings by the Indians

of the northwest coast of America. F. W. Putnam.

25. Sign-language and jiantomimic dances among North American
Indians. J. G. Henderson.

26. The topographical survey of the works at Aztalan, Wis. S. D.

Peet.

27. The military system of the emblematic mound-builders. S.

D. Peet.

28. Improved stereograph for delineating the outlines of crania.

A. S. Bickmore.

29. Feeling and function as factors in human development. Les-

ter F. Ward.
30. The uses of the " chungkee-stone." Alfred M. Mayer.

31. Relation of the archaeology of Vermont to that of the adjacent

States. Geo. H. Perkins.

32. Exhibition of some gambling games of the Iroquois. Ermin-

nie A. Smith.

33. Parturition in a kneeling posture as practiced by the women
of the mound-building and stone-grave peoi)les. C. Foster

Williams.

34. The antiquity of man in Eastern America geologically con-

sidered. Henry C. Lewis.

35. A comparison between the shells of Kjokkenmoddings and

present forms of the same species. E. S. Morse.

36. Antiquities of Onondaga County, N. T. W. M. Beauchamp.

Anthropological Institute of Great Britain and Ireland—Published

vol. ix, No. 3 & 4 ; x, No. 1 & 2.

Anthropological Society of Washington

—

Science^ i, l^p. 202; 262-,

286. (A volume entitled "Abstracts of transactions of the Anthro-

pological Society of Washington, D. C," with the annual address

of the president, for the first year, ending Jan. 20, 1880, and for

the second year, ending Dec. 31, 1880.)

S. Mis. 31 28
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Antiquary—A magazine devoted to the study of the past. Edited by

Edward Walford. J. W. Boutou, N. T.

Anteopologmcheskaja vistavlia, 1879, go goda. (Anthropological

Exposition at Moscow in 1879.) Moskva, 1879.

Arch^ological Institute of America—First annual report of the ex-

ecutive committee, with accompanying papers, 1879-'80. Presented

at the annual meeting of the institute, Boston, May 15, 1880. Cam-

bridge. John Wilson & Son, 1880. 1vol. 103 pp. 8°. [Communica-

tions should be addressed to Mr. E. H. Greenleaf, Museum of Fine

Arts, Boston, Mass. See MoROAisr.]

Archeology and Ethnology, American. Science, i, p. 7.

Archiv fiir Anthropologic, Brnschwg., i-xii, 1860-79.

Archivio per I'antropologia e la etnologia, i-ix, 1871-80.

Austrian Society of Anthropology and Prehistory—[In the first

number of Mitth. d. Antlirop. Gesellsch, in Wien, iniblished April

27, 1880, Dr. M. Much gives a detailed account of the meeting of

Austrian anthropologists which took x^lace July 28 and 29, 1879,

at Laibach, in xVustria. Among the subjects discussed were grave-

mounds, pottery, craniometry, lake-dwellings, and ethnography.

The subsequent numbers of the Mittheilungen treat of craniometry,

cephalometry, mythology, ethnography, archaeology.]

Barber, E. A.—(Conducts the department of anthropological news in

the Am. Antiquarian.)

BiTARD, A.—Les races humaines et les grandes explorations du globe.

Eouen, Megard et Cie., 1880. 1 vol. 392 pp. 4P.

B0EH3IER, George H.—Index to papers on anthropology published by

the Smithsonian, 1847-'78. Smithson. Kep., 1879, pp. 470-483.

British x\ssociation, 1879. The report of the Sheffield meeting, pub-

lished in 1880, contains the presidential addresses in full, and ab-

stracts of all anthropological papers read.

Broca, Paul—(Biographical notices in many journals. See a list in

Index Mcdicns, iii, j). 57.)

Biography and complete bibliography. Eev. d'anthrop.^ Oct.,

1880.

BujACK—Auszug aus dem Catalog der Sammlung der Alterthums-

gesellschaft Preussens. Arch./. Anthrop., 1879, xii, pp. 75-89.

Bulletins de la Societe d- anthropologic de Paris. Vol. i-vi, 18G0-'G5.

2d series, i-xii, 1806-77 ; 3d series, i-iii, 1878-'80. 20 vols. 8°.

Paris, 1860-'80.

Callamand—Eeview of German anthropology. Rev. d''antliroiJ., 1880,

pp. 175-186. See, also, p. 687.

CoLLiNEAu—Review of French anthropology. Rev. d'anthrop., 1880,

pp. 124-131.

Congees international des sciences anthropologiques. In connection

with the Exposition at Paris in 1878 was held the "Congres interna-

tional des sciences anthropologiques." The superb collections of
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CoNGRi:s international ties sciences antbropologiques, (continued.)

specimens illnstrating every department of antliro])ology added

very much to the interest and value of the pajKTS read. These com-

munications were collected and published in a volume beaiiiig the

name of the Congres. Paris, ISSO. Their titles will be found below

(From the Am. Naturalist, April, 1S81, pp. 331-332.)

AjVIEGHINO, F.—L'homme prehistorique dans le bassin de La Plata,

pp. 341-350.

Bataillard, p.—Historique et preliminaires de la question de
I'importation du bronze dans le nord et I'occident de TEurope
par les Tsiganes, pp. 153-1()0.

Beddoe, J.—Sur (juekiues cranes d'un vieux cimetiere de Bristol,

pp. 283-285.

Bets'EDIKT, M.—Sur les cerveaux des criminels, pj). 141-148.

BoRDiER—Eapport sur Tetbuologie de I'Asie orientale, de FAfrique,

et de I'Oceauie, pp. 39-47.

CArELLiis'i, G.—Incisions sur des os de cetaces tertiaires, pp.
224-234.

Cartailhac, E.—B-apport sur la palco-ethuologie
;
periode Boben-

hausienne ou de la pierre polie, ]))). 51-50.

CniL—Memoire sur Torigine des (ruanches ou habitants primitifs

des lies ('anaries, \)\). 107-220.

D'ACY, E.—Xotes sur les ])atiues des silex failles des alluvions de
Saint-Acheul, et sur r(n-dre de U-urs su])erpositioiis, p]), 2.">4-2;)7.

Daleau, F.—Notice sur les stations pic'liistorifjues de IVtang de
Lacanau, arrondissement de P)Ordeaux (Gironde), pp. 351-354.

DUPONT, E.—Sur les ]^iutons, pp. 124-120.

GiRARD DE EiALLE—Bai)port sur I'ethnologie de I'Europe, de
I'Asie occideutale, et de TAmc'rique, pp. 35-30.

H0VELACQ*UE, A.—Les races inferieures, pp. 2()4-200.

Jacquinot, H,, & P. UsQUiN—Le necropole de Pougues les-

Eaux (Nievre) ; dernieis teuips de Tage du bronze, i)p. 238-250.

Latteux—Proc<''de pour obtenir des coui)es rigoureusement trans-

versales du cbeveu, i)p. 08-105.

Le Bon, G.—Becherclies anatomiques et mathematiques sur les

variations de volume du crane, pp. 72-75.

Maurel, E.—fitude authropologi(iue sur les immigrants indicMis

a la Guyane fran^aise, ])p. 75-08.

MoRTiLLET, G. DE—Decouvcrtc de I'Ainerique aux temps pie-

historiques, pp. 207-273.

Pagliani, Ij.—Etudes anthropometriques, pp. 02-72.

EiCHARD—Sur des decouvertes de silex failles dans le Sahara
africain, en Iilgypte et en Palestine, an tombeau de Josue, etc.,

pp. 278-282.

EoYER, Mme. (J.—Des rapports des proportions <lu crane avec celles

du corps, et des caracleres correlatifs et evohitifs en taxonomie
humaine, pp. 105-110.

Memoire sur lorigine des Arvas et leurs migrations, pp.
304-333.

Schmidt, V.—De Tage de bronze en Europe et notamment en
Scandinavie, pp. 285-288.

SoucHE—Une sepulture de I'epoque Eobenhausienne, ou de la

pierre polie, a Pamproux (Deux-Sevres), pp. 330-340.

TnoMAS, P.—Becherches sur les sepultures anciennes des environs

d'Ainel-Bey [near Constantine, Algeria], pp. 358-385.



436 ANTHROPOLOGY.

Congees iiiternatioiial des sciences antliropologiqnes, (contiuued.)

TopmARD, P.—De ruuification des methodes craniometriqiies et en
particnlier de cubage des cranes et du plan alveolo-condylien,

pp. 135-144.

Rapport sur I'antbropologie anatomique, biologique, et

l)athologique, pp. 29-35.

Ujfalvy, C. E. de—Quelqnes observations soramaires sur les races
en Asie centrale, pp. 12G-135.

Zabarowski, S.—Des monuments pr^historiques de la basse Vis-
tule, pp. 250-204.

Zawisza, J.—Sur la caverne du mammouth (en Pologne), i)p.
220-222.

Zeballos, E. S.—Note sur un tumulus prehistorique de Buenos-
Ayres, pp. 148-153.

CoNGEESS of anthropology and prehistoric archaeology, International,

at Lisbon, 20-29th September, 1880. Rev. d'anthrop., 1880, p. 370.

CoTTEAU—Les sciences authropologiques a l'Exi)osition universelle de

1878. Auxerre, 1879.

Dally, Dr.—De la place de I'anthropologie dans les sciences. Kev.

(Tanthrop., 1880, pp. 414-423.

Davis, Chaeles H. S.—Index of articles on archa3ology, anthropology,

and ethnology. Am. Antiquarianj ii, No. 3, p. 239.

ficoLE d'anthropologie—Course of study. Rev. (Vanthrop., 1880, pp.

188-309.

EiNLEiTUNG ziir Beschickung der Ausstellnng anthropologischer uud
vorgeschichtlicher Freunde Deutschlauds. Ztschr. f. JEthnol.j Ber-

lin, 1880, xii, pp. 09-78.

Ethnology, American. Science i, p. 17.

Feench Association, session of 1880. Rev. cPanthrop., 1880, pp. 370-508.

HoFF, W. Bainbeidge—A strange chart. Tr. Anthrop. Soc. Wash-

ington, i, p. 33.

Jt^^T)ex Medicus—A monthly classified record of the current medical

literature of the world. Compiled under the supervision of Dr.

John S. Billings, Surgeon, XJ. S. A., and Dr. Eobert Fletcher, M.

E. C. S. Eng. Vol. IL New York, F. Leypoldt, 1880.

[In the Index-Catalogue of the Library of the Surgeon-General's

Office, United States Army, the first volume of which has appeared

(A—Berlinski) in sm. 4°, 888 pp., will be found, under the word

Anthropology, a most valuable collection of the titles of journals

and papers.]

ISSAURAT—Review of Italian anthropology. Rev. d'anthrop., 1880, pp.

135-137. See, also, 309.

Jones, C. C, jr.—Hernando de Soto. [The adventures encountered

and the route pursued by the adelantado during his march through

Georgia.] Savannah, Ga., 1880. 8°.

JoUENAL of the Anthropological Institute of Great Britain and Ire-

laud. Vols. i-ix. London, 1871-80.

Kant, E.—Anthropology. J. Speculative Philos., July.
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KuHFF—Eeview of Kussian antliropology. Rev. (Vantlirop.^ 1880, pp.

158-1G4 ; other reviews if?., pp. 347-349.

Laboratory of antliropology of tlie Ecole des liautes etudes. Bcv.

d'anthroih, 1880, p. 508.

Lagneau, G.—Frauce: Autliropologie. Diet encycl. d. sc. mtd.^ Tans,

1879, ^"^^ s. iv, p. 558 ; v, i, p. 45.

Lang, John C—Ancient maps of North America. Tr. Anihrop. Soc.

Washington, i, p. 25.

Lebon, Gustav—Iteview of Eussian anthropology. Ecu. d'anthro^).,

1880, pp. 105-109.

Lefevre, a.—lieviews of anthropological works. Rev. dUinthrop., 1880,

p. 324.

Letourneau—Iveview of Italian anthropology. Rev. d'anthvop., 1880,

pp. 132-134.

Manouvrier, L.—Reviews of Italian anthropology. Rev. d'anthrop.,

1880, pp. 335-344. Scapular index, id., pp. 500-505. French an-

thropology, pp. 532-538. Italian, pp. 239-442, 702.

Martinet, Ludovic—Eeview of anthropology in Italy. Rev. d'an-

tlirop., 1880, p. 102. Materiaux pour Thistoire de riiounne, id., p-

280. See, also, pp. 303 ; 518.

Mason, Otis T.—Anthropological investigations during the year 1879.

Smithson. Eep., 1879, pp. 449-475.

Summary of correspondence of the Smithsonian Institution

previous to Jan. 1, 1880, in answer to Circular Xo. 310. Smithson.

Eep., 1879, pp. 428-448.

Sketch of North American anthropology in 1879. xVin. Natu-

ralist, May.

Notes on anthropology. With bibliography. .1/^/. NatnniUst,

Jan.-Dec, 1880.

Mittheilungen der Anthropologischen Gesellschaft in Wien. \o\.

i-ix, 1871-80.

Much, M.—Bericht iiber die Versammlung osterreichischer Anthropo-

logen und Urgeschichtsforscher am 28. und 29. Juli 1879, zu Lai-

bach. Ilitth. d. Anthrop. Gesellsch. in Wien, 1880, x, pp. 1-5.

Museum of Natural History, Paris. Courses of study and conferences

on anthropology. Rev. d'anthrop., 1880, pp. 309.

Mycenae. Compte reudu de la Commission imperiale archeologi(iue

pour rannee 1877. (St. Eetersburg.) Mykenai, ein kritische

Untersuchung der Schliemannschen Alterthiimer untere Yerglei-

chung russischer Funde. Von Ernst Schultze. (St. Petersburg
)

(Eeviewed in The Athenamm, Aug. 21, 1880.)

Norton, C. E. (Cambri<lge, Mass.)—See hrst annual report of tlie

Archaeological Institute of America.

Peabody Museum. Twelfth and thirteenth annual reports of the trus-

tees of the Peabody Museum of American Archieology and Ethnol-
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Peabody Museum, (continued.)

ogy, presented to tbe President and Fellows of Harvard College,

April, 1880. Vol. II. ISos. 3, 4. Cambridge, 1880.

[The contents of this volume are distributed among the names of

their authors.]

Peteemann's ]Mittheilungen—[Each number of this standard journal

furnishes several pages of geographical bibliography. The works

mentioned, especially those under Asia, Africa, Polynesia, and

America, frequently contain exceedingly valuable chai)ters upon

the aborigines of the regions esi^lored.]

Powell, J. W.—On the limitations to the use of some anthropologi-

cal data: annual address of the President of the Wasliington An-

thropological Society. Tr. Anthrop. Soc. Washington, i, p. 113.

Pozzi, Dr.—Paul Broca. Biographie et bibliographic. Rev. cCan-

tlirop., 1880, pp. 577-009.

Sketch of Lewis H. Morgan. Fap. 8c. Month., Nov.

PuLLiGNY, Vte. de—Lecturc il la Sorbonue, section d'archeologie.

Projet de vulgarisation <les sciences i^rchistorique et geologique

dans les ^coles commnnales. pp. 12. 8°. 1880.

Eeclus, Elisee—Nouvelle geographic universelle. La terrc et les

hommes. Tome V. L'Europe scandinave et russe. Paris, Ha-
chette et Cie., 1880. iv-941 pp., cartes et dessins. 8o.

Eevue d'anthropologie—Paris, France. Published vol. ii, 2d series,

Nos. 1-4.

Revue de THistoire des religious, publiee sous la direction de M. Mau-
rice Vernes avec le concours de MM. A. Barth, A. Bouche-Leclercq,

P. Decharme, S. Guyard, G. Maspero, and C. P. Tiele (of Leyden).

Premiere annee, tome ii, No. 5, Sept., Oct. Paris, Ernest Leroux,

editeur, 1880. (Anuales du Musee Guimet.) The Review is purelj'

historical, excluding everything of a polemic or dogmatic character.

A very excellent bibli()grai)hy is appended to each number.

Rhees, Wm. J.—Visitors' guide to the Smithsonian Institution and
National Museum. (Contains much valuable information relative

to the national collections.)

RiBEiRO, Carlos—Programme of the Congres international d'anthro-

pologie et d'archeologie prehistoriques. Ninth meeting at Lisbon,

1880, Sept. 20-29.

Sabin, Joseph—A dictionary of books relating to America. Parts 60-

70. Joseph Sabine «& Sons, New York.

Schmidt, Dr. Emil—Mittheilungen aus der anthropologischen Lite-

ratur Amerikas. (Brochure from Archiv fur AnthropoJogie.)

Smithsonian Contributions to Knowledge. Vol. xxii contains the fol-

lowing memoirs

:

Antiquities of Tennessee, by Joseph Jones.

Sculptures of Santa Lucia, S. Habel.

i^rchfeological Collections of the National Museum, by Charles Rau.
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Smithsonian Contributions to Knowledge, (continued.)

The Palenque tablet, Charles Eau.

Eemains of man in the Aleutian Islands, by W. H. Dall.

SociETE d'authropologie. Bureau for 1880. Rev. iVanthrop., 1880. p.

187.

Vaks—Eeview of German anthropology. Rev. d'anthrop., 1880, i)p. 170-

174.

WyeouboI-F^ G.—A propos d'authropologie. Pliilos. imsitive rev.

Sept., Oct.
Zabakowski, M.—Eeview of anthropological literature in Poland,

France, and Portugal. Rev. d'anthrop., 1880, pp. 90 ; 104^ 109. See,

also, pp. 320; 366; 506; 678; 713.





ABSTRACTS OF THE SMITHSONIAN CORRESPONDENCE RELA-

TIVE TO ABORIGINAL REMAINS IN THE UNITED STATES.

By Otis T. IMason.

Very important information relative to the antiquities of our coun-

try continues to apiiear in the correspondence of the Smithsonian In-

stitution in response to Circular No. 310. Tbat which rehites to relics

is preserved by Professor Charles Eau. It only remains, therefore, here

to collect and publish that which refers to the permanent remains of

the country, such as shell-heaps, mounds, circumvallations, i^ueblos,

&G. The diligence and care with which the locations and characteris-

tics of such structures are marked and preserved by the intelligent na-

tions of the Old World should be an example to us with reference to

our own country. Very few persons realize the preciousness of such a

statement as "There are no ancient remains whatever in my county,'

or "There are shell -heaps, mounds, or ancient earth-walls in such a

place." It is desigued by the Institution, when the permanent work on

archaeology is published, to have no blank spaces whatever; but to be

able to give an intelligent account of every county and even every town-

ship in the United States.

Barnaed, D. ]Mentions an old graveyard near San Buenaventura, Cal.,

where, under large tlat bowlders, lay skeletons with chipped im])le-

ments, beads, mica crucibles, red paint, mortars and pestles, and vases

or urns.

Billings, Melvin. Sends to the institution specimens from mounds

and graves near Marion Centre, Kans. Among them was a tablet

found 8 feet below the surface, on the second bottom, beneath a de-

posit of clay, surrounded by about a bushel of ashes, shells, and broken

pottery.

Brace, A. L. Has forwarded description and drawiug of a flint flake

found in an excavation 3 feet under the surface in a yellow bed of

clay, at Amazonia, Andrew Coimty, Missouri. The implement is 14^

inches long, 5^ inches wide, and 1 inch thick in the widest part. Mr.

Brace also describes other imi)lements in his possession.

Bush, Miss Jennie E. Gives notice of the destruction of the museum
of the California State normal school, February 10, 1880 ; also an ac-
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count of a collectioii of stone implements from Coyote and Guadaloupe

Elvers, California. [The Smithsonian Institution is in receipt of let-

ters constantly, giving account of the destruction of valuable collec-

tions by fire. It has been the policy of the Institution to foster private

and local museums in every possible way ; but it is an irreparable loss

to science when a large and unique collection is thus destroyed.]

Chase, Alex. W. Mentions the site of a large buried village of stone

houses on the mill-site of the Grand Central mine, near Tombstone,

Ariz. In one house were seven skeletons, one of which had on the

wrist a bracelet of ivory or bone beads. In one of the houses were

found stone tools, mortars, &c.

Click, Thomas M. Eeports that there are mauy ruins in Colorado,

near Dolores, in La Plata County. The largest seen by the writer is

situated on Animas Eiver, in Taos County, New Mexico. The build-

ings are in groups. Two of the largest were five stories high, each

about 100 to 120 yards square, built of stoue and adobe mortar. The
walls at the base are 3 feet thick, with small openings or windows 6

feet above ground to admit air, but not large enough to allow a man
to pass through them. The floors were constructed by laying large

cedar logs across the wall for joists, and by covering these with cedar

splits and mud. The buildings stand in or near the centre of what

was a town or village. The other houses were much smaller and built

of small bowlders and mud. Tliere are no cedars in the region at pres-

ent so long and so large as those in the houses. Many remains of

cliff-houses are found on the bluffs, some on the Dolores Eiver, in La
Plata County. They are built of sandstone and mud. Pottery, ar-

row-heads, corn-cobs, charcoal, stone axes and hammers, and skele-

tons have been found in these ruins. The burying-grounds are gen-

erally laid out in a regular manner, the bodies being xilaced with the

head to the west. Two skeletons were unearthed on the Eio Mancos,

near Mancos P. O., La Plata County, that were lying one across the

other, with an earthen jar under the head of each.

Conway, John W. Describes a visit to the old abandoned pueblo of

Cuyamanque, which was one of the first built in IsTew Mexico. The
riiius are about four miles below the pueblo of Tesuque, on the west

bank of the same river. This i^ueblo was destroyed in 1697, by Gen-

eral Diego de Vargas. Tesuque, Cuyamanque, Pojuaque, jSTambe, San
Ildefonso, Santa Clara, and San Juan had raised an insurrection, and
collected together on a high mesa to fight the Si)anish forces. They
were comi^letely routed, being driven across the Eio Grande, either

to the cliff-houses on the west side of the Ildefonso, or over towards

the ]!^avajos country. The pueblos of Cuyamanque, Pojuaque, and
Nambe were destroyed by General Vargas. Twenty years afterwards

the Indians were brought back to their old dwellings, excepting those

of Cuyamanque, who were scattered among the other pueblos. Dig-

ging around this ruin, Mr. Conway discovered specimens of painted

pottery, and stone imiilements.
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CUSHING, F. H. Gives iuformatiou that ancient excavations, sni^posed

to be turquoise and jade mines, near Zufii, IST. Mex., turn out to be

quarries of sacred paint. The principal source of sui^ply for these

precious stones lay across the Eio Grande, far north toward Santa Fc.

The Zuhi myth to account for those stones, as well as for a peculiar

black bead which they highly prize, and for salt, is as follows : Cen-

turies ago there was a great cacique who lived in the Sierra Azul,

north of San IMateo. Wherever he urinated, the dro])s became beau-

tiful blue and green stones. When the Zuiiis Aconutes came to know
of this they encamped so thickly around the cacique that the stench

drove him away west on the Zuui Mountains, where he stopped to

make water; but he was in such haste that the stones formed were not

pure chalchiuite. This side the mountain he met the woman whose

urine was transformed into salt. He settled down with her a mile or

two east of Zuiii; but again fled in auger from his house, around which

the people flocked. This time he went south to the desert, and there

lived with his wife, her luine forming the lake of salt (" Saliua"), which

is to-day the source of supply to the Indians. The woman becoming

angry with the cacique, drove him into a cave in the White IMountains

of Arizona, whence he disappeared forever. Since then, a strong

wind has blown from the cave sufficient to extinguish the torches.

Nevertheless, the people felt their way in through the darkness, and

found the precious stones. On this account a part of them were turned

black, and large flies were caused to live about the i^lace in summer.

The i^^eople, however, have i)ersisted in going there, and found among
other things the discolored beads worn by the Zuiiis. At this place,

the cacique's urine was changed into perfectly finished and drilled

stone, and in that condition they are still found. The cave in ques-

tion is like that of Silver City, and identical in use with the sacred

dance cave of ZuSi, where paraphernalia are placed, and costly sacri-

fices of chalchiuites are now made.

Dover, Tiio:mas. Describes frog pipe and charred cloth from a mound
in Butler County, Ohio.

Eaeiiart, John S. Witnessed the demolition of a mound caused by the

construction of the Cincinnati, Hamilton and Dayton Railroad, one mile

south of Post Town station, and two miles north of Middletown, Butler

County, Ohio. The mound was in the level plain of the first bottom

land of the Miami River, 30 feet in base diameter, and 15 feet high.

Two-thirds of the mass were removed 3 feet below the original surface.

In the centre, rolls of textile fabric were found, varying from the fine-

ness of three-ply cari)et to the coarseness of a gunny bag, and pre-

served in shape by the moisture of the earth. These rolls were G

inches in diameter at first, but were much broken by removal, and in

coming in contact with the air were wafted away by the slightest

breeze. Specimens were preserved by hermetically sealing them,

while dami), between pieces of glass. A spear-head, 8 inches long
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and 2 inches wide, was also unearthed. On liirther examination

among the burnt clay and charcoal, a few bones of a human hand

were recovered.

Eaton, D. H. Reports the collection of antiquities from Bridgewater,

Mass.

Evans, W. W. At Pompeii, Italy, discovered by actual measure-

ment that the gauge of the ancient chariots was nearly that of our

modern wagons, viz, about 4 feet 9 inches. He also believes from

the charred condition of window and door jambs that Hcrculaneum

and Pompeii were overwhelmed in about half an hour ; onii by a river

of lava, and the other by a shower of ashes and stone.

EvERHART, J. F. Eeports a mound in 13rush Creek Township, Mus-

kingum County, Ohio ; trees, apparently in rows, and arranged quin-

cuncially were growing on the monnd. Just below the trees was a

stone wall. Across tlie south end a pavement of loose stones extended,

and one of flagging occupied the middle, on which were ashes and

bones of man and of animals. In the mound were found skeletons of

great length.

Harris, Geo. H. Finds a rich field of antiquarian research in the

ridges running through the counties bordering on the south shore of

Lake Ontario.

Henderson, J. G. Has made excavations in Naples mounds, Illinois.

Full report in prex)aration.

Jones, George C. Describes a ploughed field near Brookfield Centre,

Conn., in which a great number of flint chips and small arrow-heads

of white quartz and feldspar were found. The material from which

these were made was brought from a great distance. A quarter of a

mile from this field a mound 15 leet long, 12 feet wide, and o feet high

was discovered ; but on opening it, Mr. Jones found no remains. A
ceremonial axe was dug up near Brookfield, in a swamp.

Kerne, Lieut. L. M. Sends an arrow-head from the old French fort on

the bank of the Beaufort Eiver, near Port Eoyal, S. C. This fort was
built by the expedition that landed at Port Royal in 1562, under Jean
Ribault.

Larmour, J. J. Reports a great many small mounds in the neighbor-

hood of Battle Creek, Michigan; but few contain any bones. Some
have been explored.

Locke, W. M. Describes a group of small mounds near Marshall's Ferry,

White County, Illinois, situated on the highest point of land. The larg-

est is 15 feet high and 35 to 40 feet in base diameter. Within the

mounds were slab graves, containing the bones of children. Mr. Locke
also found pots which contained small human bones. In one large

cist the remains of an adult female were discovered. Drawings of

pottery and relics accompany the letter.

Love, A. C. Mentions a group of unexplored earthworks in Ascension

Parish, La.
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Low, Chakles F. Eeports upon the exiilorations at Madisonville, Ohio,

mentioned by Dr. Metz, having exhumed 370 skeletons and explored

175 ash-pits.

Maclean, J. P. Mentions several pieces of cloth from a mound in

Butler County, Ohio.

Metz, C L. Eeports the opening of twenty-five circular pits in a ceme-

tery near Madisonville, Ohio, containing ashes, animal remains, im-

plements of flint, stone, and bone. The depth of the pits, from 4 to 6

feet ; the width, 3 feet ; the sides and bottom show no evidence of fire.

. Some contain likewise large sherds of pottery and unio shells. The

contents are usually as follows : One to three feet ashes, containing

bone, flint, and some stone implements, with sherds of pottery and

animal remains. Above this is a heavy layer of clay loam, 1 to 4 feet

thick. None of the implements show the action of fire, many fine

bone awls having been found ; nor are the animal remains charred at

all. A few burnt bones were probably thrown in with the ashes.

(Detailed reports, in the Journal of the Cincinnati Society of Natural

History, vol. iii, pp. 40-G8 ; 128-139 ; 203-220.)

Morgan, B. Describes the Des Moines Valley as rich in mounds and

relics. He has excavated more than one hundred works in different

parts of the State. From these have been collected stone implements

and iK)ttery. In some of the works examined there are indications of

great age. The writer, has opened mounds near Richland, Iowa, meas-

uring 250 feet in base (;ircumference and 2 feet in height. xVt a depth

of about 20 inches pottery was found, some of the vessels very large

and sha])ed like a common dinner ])ot. Around the rim frequently

occurs a narrow band, divided into triangular spaces, which are filled

with parallel lines running vertically and horizontally in the alternate

triangles.

Palmer, Edward. Has forwarded a mummy from Monterey, Mex.,

presented to the Smithsonian Institution by Don Ignacio Galerido. It

was procured from a cave near Coyote, in Coahuila, latitude 25"^ 15',

longitude 103 west from Gr., near the western border of the State. It

is encased in a garment much like that of the ancient Peruvians. In

the States of Durango and Chihuahua, Mex., there are said to be caves

containing Indian remains.

Prime, Frederick, Jr. Describes a mound at Waynesborough, Au-

gusta County, Virginia, 500 feet long, 250 feet wide, and 40 feet high,

close to the Chesapeake and Ohio Eailroad, on the south side, and 2^

miles west of Eockfish Gap tunnel.

Eansburg, W. C. Is making a thorough survey of the La Porte group

of mounds in Indiana.

Eedding, B. B. Mentions an obsidian spear-head, 7 inches long, 3^

inches wide, found beneath the drift and boulders which compose the

placer diggings. Mr. Eedding regards this implement as an evidence

of the existence of pliocene man in California.
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Eeinsch, a. Explored two mounds onWalnut River, in Cowley County,

Kansas. They are 30 rods apart, 30 feet in diameter, and at present

18 inches high. They were originally between 3 and 4 feet high. A
trench 3 feet wide was dug to the centre of one of them. Bones, pot-

sherds, charcoal, jasper chips, and arrow-points were found at a depth

of feet, or about 4 feet below the surface. Mr. Eeinsch also sends

drawings of implements, among them a hollowed grinding-stone of

whitish limestone.

Robinson, A. P. Sends a map of Coftey Couutj^, Kansas, on which are

marked the locations of antiquities. Along the summit of the bluff",

on Wolf Creek, many stone heaps are found, containing shells of unios,

such as now live in the Neosho River, wliich is at present a mile away.

At the foot of the bluff, by the cutting of the Missouri, Kansas and

Texas Railroad, many arrow-heads were unearthed. By digging a

ditch, what was possibly a cremation site was passed through, and a

few knives and arrow-heads were found. The ashes, &c., were from

4 to 5 feet below the surface, and over the sites were growing oaks 3

to 4 feet in diameter. In this locality many fragments of pottery

were discovered, but only a slight investigation was made.

Shippen, Edward. Mentions a mound in Ballard County, Kentucky, 1

mile from the Ohio River, from which he toolv 437 arrow-heads, 1

spear-point, 7 flint axes, pipes, 24 vessels of clay, and many pottery

fragments. The letter is accompanied with drawings of implements.

Spray, S. J. Reports that the region around Marysville, Blount County,

Tennessee, is rich in relics of the Mound-Builders.

Stronct, Lorenzo. States that no mounds or earthworks occur near

Strongville, Cuyahoga County, Ohio. Stone implements are found

in abundance.

Swan, Ja3IES G. Sends to the National jNTuseum a carved seal club,

or tincfhlj as it is called by the Makah Indians, This specimen was
made by a young Indian of the Clyoquot tribe, on tbe west coast of

Vancouver's Island, B. C. His name is Artlyu, or Benjamin. He is

a son of Cdakanim, a chief of the tribe, and a great grandson of

Wikananish, the great chief mentioned hj Mears and other early

navigators. This young man was one of the party who saved the

captain and crew of the American bark General Cobb, wrecked oft"

Clyoquot last winter. A x)hotograpli of Artlju was inclosed bj' ^Ir.

Swan, showing the club before it was painted, and a rattle in his right

hand, such as is used during the medicine dance. This club is very in-

teresting and very highly prized. It is not intended for use as a seal

club, but to be exhibited on ceremonial or state occasions, as an ensign

of the rank of the family. It represents a dream of old Wikananish,

which was so strongly impressed on his mind that he related it as an

actual occurrence. It was believed by his family, and the legend has

been handed down to the present day. The story was related by Ben-

jamin, as follows

:
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'' Wikananish was a great liiiuter of sea otter and seal; be eoiild

chase them into the deep water and there kill them with a blow of his

clenched fist. He thus excited the auger of the Sheeschee a fobulous
animal, half wolf and half fish. The head and forebody was wolf
{Chuchuhuioxl), and the body and tail were the Koicid, or Killer, Orca
ater (Cope): On one occasion, after he had been pursuing otters, he
came ashore tired and lay down to sleep. He then dreamed that the
Sheeschee chased him ashore, but he made his escape, and a panther,

Nani, rushed on him, seizing both feet in his mouth, and throwing
him on top of his head, where he was held by the fore paws of the
animal. While in this position the Sheeschee came \\\^ and seized the

Nani by the hind rpiarters. The Thunder bird
(
Thluldoots) then seized

the Sheeschee by the tail with his beak and grasped with his powerful
claws the fin and back of the Killer, and spreading his wings fiew off

with the whole party to the mountains, where Wikananish made his

escape."

He told this dream so often that he came at last to believe it to be a
reality. The snake in the mouth of the Sheeschee is emblematic of the

Hahahefoal; or producer of lightning. This animal is also seen painted
on each side of the bird's body. The face on the bird's tail indicates

that it sees in all directions, and the sun on the bird's wings shows
that it is the true bird of the sun, which is looked on by the coast tribes

as the visible symbol of the Great Spirit. The swivel and three links

of chain at the top of the handle of tlie club represent a i)iece of chain
which old Wikananish procured from the vessel of the Spanish Com-
mander Quadra, and showed them as a proof that he was a great chief.

They were scoured bright, aud during the presentation of gifts after

a great banquet they were rattled each time a blanket was given to

a guest. This specimen is the finest carving which has been seen here,

done by an Indian south of Queen Charlotte Islands, and is valued at

twenty blankets, although the writer procured it for as many dollars,

as a mark of personal esteem.

Taylor, Wm. J. Describes two o^Iew River mounds, in the ninth dis-

trict of Berrien Connty, Georgia, on lot 275, G miles southwest of Xash-
ville. They are on a dry sandy level near the edge of the hanunock
between a branch and a creek, 100 yards from the former and 300 from
the latter. They were about 30 feet iu base diameter and 4 feet high,

and contained only ashes and charcoal.

TnoEN, H. T. Mentions two groups ofmounds near Eollag, Clay County,
Minnesota. One is half a mile northeast of Prairie Lake post-office,

Bangor, Otter Tail County; the other a mile and a half southeast of

Cormorant Lake, Becker County. There are two mounds iu each
group, but they have not been explored. On the authority of Mr.
Ole Clousen, rock paintings are met with in Rock County.

TiTCOMB, H. E. States that at the mouth of the South Platte Canon, on
the right bank of the river, at a distance of one hundred or more yards,
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is a large stone about 4i by 5J feet on the upper surface. This face is

concave and slopes at an angle of 12° to 15° from the horizon. The
surface is covered with figures cut deep in the rock, and a deep gutter

incloses them and runs out at the lower edge and down 6 or 8 inches,

where is a small hole, as though for the insertion of a peg to hang a

vessel on. This neighborhood was at one time the camping ground
of the Utes. The stone is in Acequia precinct, Douglas County,

Colorado, on what is known as the Slocum ranch.

Whitney, J. L. Writing from Eose Hill, Ohio, speaks of copper axes

and shell objects from a mound half a mile from Sharpsburg, Mer-
cer County, Ohio. Ten pairs of shell relics were found resembling

the bottoms of sandals. The mounds at this point are composed of

sand and gravel. A large quantity of shell beads, a copper axe, and
the skeleton of a tall man were recovered from the same mound . There
are several mounds at this point composed of sand and gravel. The
largest contains a quantity of very fine grayish-white sand, very hard,

and streaked with bands of ljure white sand.,

Williamson, J. M. In opening shellmounds in Kentucky, found human
bones showing the marks of teeth (human?), and many that had been
split. Fragments of crania and jaw bones were seen mingled with

images and perforated shells.

WiLTHEis, C. T., of Piqua, Ohio. Describes and figures an inscribed

stone, a gneiss bowlder, with a granite vein through it, weight 13^
pounds. The inscription is very rude.

Wood, Eev. Preston. The district lying north of Quincy, HI., in the

confluence of the Illinois and Mississippi rivers, abounds in traces of

the Mound-Builders.

Wood:man, H. T. Draws attention to a very curiously shaped earth

mound, unlike any heretofore figured in that State, about 30 miles

from Dubuque, Iowa. The mound will be figured and described.

Wright, S. Hart. Sends drawing and description of a work on Bluff

Point, Yates County, Xew York, covering seven acres, and reticulated

with graded ways.



REPORT OF A VISIT TO THE LURAY CAVERN, IN PAGE COUNTY,
VIRGINIA, UNDER THE AUSPICES OF THE SMITHSONIAN IN-
STITUTION, JULY 13 AND 14, 1880.

During the summer of 1880 a party was sent out by the Smithsoniai®

Institution to investigate the famous Luray Cavern in Page County ,.

Virginia. An invitation had been extended by Messrs. Cami^bell and
Stebbins, the proprietors of the cave, and Mr. Eobert Garrett, vice-

president of the Baltimore and Ohio Railroad, courteously granted passes'-

over his road.

The party consisted of Wm. J. Rhees, chief clerk, Daniel Leech, cor-

responding clerk, Dr. Charles A. White, geologist, Prof. Charles Rau,.

archaeologist. Prof. Otis T. Mason, etjinologist, Prof. Fred. W. Taylor^

chemist, Dr. Elmer R. Rej^nolds, ethnologist, T. W. Sraillie, photog-

raj^her, and Prof. J. H. Gore, civil engineer.

Leaving Washington at 8.35 on the morning of July 12, the tourists^,

after passing Point of Rocks, Harper's Ferry, Charlestown, Winchester,,

Strasburg, and Woodstock, all made memorable in the late civil war,,

arrived at New Market at 2.44 p. m. Having selected quarters for the

night, they made an excursion to the "Endless Caverns," about four

miles south of the town. These caverns constitute, together, a series

of very pretty grottoes, but no examination of them was allowed by the

proprietors. INIr. Smillie, however, secured some very fine negatives of

valley scenery.

After a night of refreshing sleep, the explorers were ready to mount
Burke's tally-ho early the next morning for a most romantic ride over

the Massauutton Mountain to Luray. Nothing could exceed for variety

of quiet rural beauty the ever-changing landscape revealed in the great

Shenandoah Valley at each turn of the winding ascent. There was
plenty of time, as the stage lumbered along, to alight and walk leisurely

behind in order to look back over the magnificent amphitheatre. Ar-

rived at the crest, all were ordered to mount to their seats in order to

" make time" down the tortuous eastern slope to the place of destination.

A very picturesque ford of the east fork of the Shenandoah forms the

gateway to the lovely Page Valley, having the Blue Ridge in the back-

ground.

Four miles of rolling limestone road brought the travelers to the

quaint old town of Luray, straggling along the turnpike, and contain-

S. Mis. 31 29 '
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iug about 600 inhabitants. Those seeking a shorter route to the caverns

may no-^ go by rail directly to the spot over the recently-completed

Shenandoah Valley Eailroad. To select quarters for the night, to eat a

sumptuous dinner, and to don their old clothes, occupied the party but

a short time, and then all were ready to mount the tally-ho for the

cave, which is sitimted on the north side of the turnpike about a mile

west of the town. The entrance is near the summit of a rolling hill.

Before entering, the party listened to an interesting account of the

search for the cavern by Mr. Stebbins, and, under the instruction of

Professor White, observed carefully its topographical and geological

environment.

The Blue Eidjje and Town of Lurav from Cave Hill.

For many years a small cave has been known in one of the hills near

Luray, but it was not until August, 1878, that this wonderful freak of

nature was discovered. This was due to the curiosity of Mr. B. P. Steb-

bins, a traveling photographer, who was convinced that the old cave was

only a part of other similar formations. After diligent search, numerous

diggings, and considerable expenditure of time and money, with no little

ridicule from the villagers, he was rewarded by the brilliant discovery.

Andrew J. Campbell, of Luray, was the first to enter the cave.

At this point Page Valley is several miles wide, and is bordered

upon the east by the Blue Eidge, and upon the west by the Massanutton
Mountain. The general surface is considerably diversified, and the
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rock Stratum out of which the cavity has been excavated appears fre-

quently on the surface throughout the neighborhood. The cave, there-

fore, is not in the side of a mountain, as most of the party had supposed,

but at least four or five miles from the mountain ranges on either side.

It has no obvious relation with them, except that its origin was partly

coincident with their origin, and with the excavation of the valley by

erosion. Indeed, it must be remembered that this gnawing away of ma-

terial has produced not only the valleys, but the mountains themselves

as they now exist, although they have such a considerable elevation

above the lowlands.

The rocks throughout the whole of this region have been much dis-

placed, having been flexed into great folds, the direction of which coin-

cides with that of the Appalachian mountain range. In fact, these

folds are a remnant of the results of that series of movements m which

the whole system primarily originated.

The rock out of which Luray Cavern has been excavated is a compact,

bluish limestone, not very evenly bedded, and weathering ruggedly on

account of its heterogeneous texture. The few fossils discovered indi-

cate that this limestone stratum is of Lower Silurian, probably belong-

ing to the Trenton period.

The position of the cave in the middle of an open valley, distant from

the mountains, and so much below their crests, shows that it was hollowed

out toward the close of the epoch within which the formation of the vaUey

took place. The character of the erosion leads to the conviction that

the excavation was effected subsequently to the formation of the great

folds referred to above. It is also plain that the foldings took place

after the close of the Carboniferous period, because the strata of that

period and those of later date are known to have been involved.

It is thus evident that the geological date of the origination of Luray

Cave although it is carved out of Silurian limestone, is considerably

later 'than the close of the Carboniferous period, ^^one of the facts yet

ascertained warrant a more detinite conclusion concerning the limits of

the antiquity of the souterrain, and the most recent epoch at which it

mi-ht have been formed is the Tertiary. It is highly probable that the

date of its origination is not more ancient than that of the Mammoth

Cave or the Wyandotte.

The history of its production is, of course, divided into two periods,

namely, its excavation and ornamentation. The latter was wholly pro-

duced after, and perhaps long after, the chasm was finished. The

ca\ity was wrought by the same agencies that produce all such effects

in limestone formations, namely, by the erosion and by the dissolving

action of water holding carbonic acid in solution, and coursing through

previously formed fissures in the rocks. These cavities gradually be-

come enlarged into chambers by the falling and removal of loose mate-

rial to lower levels, and even through open outlets to the general drain-

age of the country.
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The ornamentation of the cave, composed of lime carbonate, in the
form of stalactite, stalagmite, calcareous tufii, travertine, cave pearls
calcite crystals, &c., has been produced by the precipitation of that
mineral from solution in water, formerly percolating freely through the
crevices of the rock which formed the ceiling, after the process of hol-
lowing out was completed.

With these preliminary observations the party equipped themselves
for their subterraneous journey each with a tin frame holding three
lighted candles. The cold current of air around the mouth of the
abyss warned them that their comfort would be enhanced by a
heavy coat to enable them to sustain the shock of a sudden change
in temperature from 96° to 56° Fahrenheit. The first descent is

down a broad flight of square stone steps to a landing 50 feet below
the surface. A short walk along a narrow i)assage leads to the vesti-
bule, or entrance chamber, an irregularly shaped room 35 feet high and
nearly 200 feet in diameter in the widest portion, the walls descending
and contracting in an erratic and picturesque manner. As this was
the first cave experience of most of the party, the unexpected magnitude
of the chamber, the almost tangible darkness, the great variety of mas-
sive and curious forms, the ghastly shadows flitting about with their
feeble candles, filled up the measure of expectancy. Indeed, had there
been no rooms beyond far surpassing this one in every respect, all would
have been perfectly satisfied. A very remarkable object in this cham-
ber is Washington's Column, a monster pillar, nearly 25 feet in diameter,
and very handsomely fluted.

A long, arched, irregular space beyond the vestibule, studded with
fungoid and stalactites, has received the name of the Vegetable Garden,
from the exquisite varieties of the incrustations. The botryoidal stalac-
tites excited the admiration of the whole party. Wandering through this
space, the explorers descended a well-built wooden staircase to Muddy
Lake, passing across which over a wooden bridge, they were shown the
Bear's Tracks, curious indentations on the tufaceous covering of a ledge,
very strongly resembling the scratches made by an animal holding on
by its claws. The next point of interest is the theater—a suggestive
title from the resemblance to a great audience hall.

Ascending to the left the party came to the Fish Market. Here, on
the side of a projecting wall, or series of escarpments, depend hundreds
of sheet-like stalactites, mimicking most wonderfully rows of fish ex-
posed for sale. Indeed, one has no difficulty about the identification of
the species of bass, perch, shad, mackerel, &c. ; some being gray all over,
others having black backs and white bellies, and the illusion being per-
fected by a sufficient trickling to give a slimy, fishy appearance to the
objects. All pronounced this to be the most curious, though not by any
means the grandest and most impressive, object in the cavern.
From the Fish Market the path to the right leads to the Elfin Ramble,

a low, open chamber, from 1 to 10 feet high, 600 feet long, and 300 feet
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in breadth. Crossing the Ramble by a deep trench cnt through the

travertine lioor and the cave chiy, the party stood on the edge of Phito's

Chasm, a rift 500 feet long, 70 feet deep, and 10 to 50 feet across, and

with lighted candles in front of them sought to penetrate the darkness.

Fifty candles combine their ineffectual tires to dissi])ate the gloom, but

they only serve to indicate the locality of their possessors. Here is the

awe-inspiring spot in all the cave. There is greater beauty, richer

variety of form and color in many places, but no view stirs the sense of

dreadful mystery like that from the balustrade of Pluto's Chasm. Fol-

lowing the guides down a long, rocky descent, which bears awaj- to the

right past the edge of the chasm, the party reached the bottom of this dark

chamber. From this point a fine view is obtained of the Siiecter, a tall

snow-white stalagmite, looming up in the darkness in a very ghostly

manner. This is a cul de sac, and it is necessary to retrace one's steps to

The Fish Market.

the Fish Market before making a new departure. Indeed, the astonish-

ing fact was that the whole cavern occupies such a small area. In ]Mam-

moth Cave one can walk more than ten continuous miles without doub-

ling on his tracks. At Luray the chambers branch olf in most ftintastic

form about the entrance until one is entirely bewiklered. Again, in

Luray Cave there are no contracted s*queezes, no crawling, no break-

neck elimbings, no miry i)ools, but one may get about with almost as

much ease as in t-he open fields.
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On the side of a rocky ledge by the path leading to the Fish Market
is a miniature lake, in which the formation of calcite crystals is yet
going on. It is a very beautiful object, the snow-white crystals forming
a pleasing contrast with the brown color of the surrounding rock.

The Seutiuel aud Spectre.

The Grotto of Oberon is reached by crossing the Chasm. Here is a
diminutive fountain surrounded by innumerable stalactites of great
beauty. Just beyond lies the Bridal Chamber, so called on account of the
delicately veiled stalactites and stalagmites occurring there. Until one
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has stood before these objects with romantic names, it occurs to him that

the fancy of the narrator has quite as much to do with the matter as the

resemblance of the objects. But all such doubt vanishes in the presence

ofcreations which call forth si)ontaneously from all beholders the same ex-

clamations. ItAvassoiu this chamber. The long, white, trailing masses
of alabaster suggested the same idea to all, and the absolute, starless

night of shade on every side helped to complete the illusion. Just beyond
the Bridal Chamber is Giant Hall, where beauty gives i^lace to wonder

—

the loveliness of Grecian finesse to the overpowering seuse of Egyptian
massiveness. Among the objects of special interest at this point are

Titania's Veil and Diana's Bath, and, just beyond, the Saracen's Tent.

The last-named object attracted a great deal of attention, and vividly

recalled the pictures of crusading times, whereiu the conical tent with

its ample folds is decorated with the armorial devices of the occupant

and surmounted by his banner.

The Saracen's Tent.

The next object of interest is the Cathedral, with its fantastic frescoe

and stone organ. From the ceiling and walls depend thin sheets of

stalactite of various lengths, which, upon being struck, give forth tones
of great softness and effect. The impression made upon the party
wandering through these dark abysses, when Mr. Campbell, without
previous warning, played a fiimiliar air, will hardly be forgotten.

There is nothing more beautiful in the cave than these scarfs, shawls,
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lambrequins—what shall we call them—of translucent calcite, some white

as snow, others impregnated with the impurities of the soil above, falling

in graceful folds, fringed with athousand j)atterns, and so thin that acandle

held behind one of them reveals all the structure within. With much

The Cathedral (Giant's Hall).

iregret the visitor sees the curtain fall upon this enchanted spot, but his

.sense of novelty is redoubled as he passes on to the Fallen Column,
strangely misnamed. Once it hung from the lofty ceiling above, in com-
pany with many others, a ponderous mass over 50 feet long, at least 14
feet in its greatest diameter, and weighing about 400 tons. The entire
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collection of these immense stalactites at this portion of the cavern re-

sembles a great inverted forest of blasted trunks. The only spot in all

the abyss where a sense of danger and utter helplessness seizes the ex-

plorer is when he stands beneath these magnificent stalactites, weighing
over 500 tons each, held to the roof only by their own cohesion, and capa-

ble of falling, as evidenced by the prostrate giant before him. This feel-

ing quickly subsides, however, when, upon closer inspection, he sees the

fluted sides of the fallen one supporting long rows ofsecondary stalactites

which indicate that jjerhaps centuries have elapsed since the crash of its

downfall reverberated through these lonely halls. Drooping over the

column to the right is the Angel's Wing, a formation of alabaster white-

ness, nearly 10 feet high by 7 wide, and flecked all over with feather-like

wrinkles. Truly one may be pardoned for giving his fancy loose rein,

as he here beholds in this wing drooping over a fallen stalactite an em-
blem of the flight of centuries.

The Throne Room and the Throne, Chapman's Lake, the Tower of

Babel, and Katie's Secret pass quickly in review as the path leads on

to the Giants' Hall, the chef Wceuvre of this fairy underworld. On the

verge of a towering cliff" the beholder faces this chamber of wonders.

Stretching away to the right is a seemingly interminable row of prodig-

ious, glittering columns. They rise from out the depths of shade and
are lost in the overhanging gloom. The magnesium light successfully

combats these hosts of darkness and drives them into the alcoves and
recesses above, beneath, and on either side, revealing forms of giant

dimensions, weird outline, and infinite variety of ornament. Many feet

below are the Chimes,—long sheeted stalactites, which on being vi-

brated give forth a deep, tremulous peal of varied tone.

The Empress Columns, the Sultana, the Double Columns, the Frozen

Cascade, the Chalcedony Cascade, and the Hanging Eock being passed

and admired, the scene opens into the Amphitheater, a large high-ceiled

rotunda which has been tightly floored and fitted uji with seats and
chandeliers for a ball-room. Here on special occasions the citizens of

Luray assemble to "chase the glowing hours with flying feet.''' Around
the amphitheater are the Tombs of the Martyrs, Cinderella, and au end-

less number of robed and spangled heroes and heroines as yet un-

named. An ascent of two long flights of stairs leads from this rotunda

to Campbell's Hall, an oblong chamber, about 200 feet in the long di-

ameter and 50 feet high. The chief attraction of this room is the rich

variety of coloring in the stalactites, including red, yellow, black, wliite,

blue, gray, brown, with an infinite number of intermediate shades.

The returning path leads through the Bridal Chamber, where at

least one couple sought their introduction into the mysteries of wedded
love, i^ear at hand is the hollow column, a cylinder of great size, which

rises from the floor and diwsappears through the ceiling as a stove-pipe.

The column is hollow, as its name implies, a stream of water having

worn away the center, through which, by means of a rope, au ascent can

be made to a chamber nearly 60 feet above.
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Passing onward the visitor stops for a few moments to admire what
seems to be the retreating form of a lady in full party toilet. Her head

is just hid by the jamb of the distant doorway; but rounded shoulders,

delicate arms, shapely waist, and long, flowing skirt and train, i^rofusely

ornamented, all are there. The proprietors have named this the Ladies'

Toilet, but some of the Smithsonian party suggested the title " Cinderella

leaving the Ball." The path leads hence across Pluto's Chasm, by the

Bridge of Sighs, to a rift bearing the grim title of Skeleton Gulch.

The Grand Gnlcli and Geyser.

Here, 110 feet below the mouth of the Chasm, in the bottom of a narrow
trench, are the bones of what appears to have been a human being. The
vandalism of former visitors made the proprietor rather shy of the ex-

ploring party; but as far as could be made out a man or woman lost in

the cave had wandered to the edge of Pluto's Chasm, and, falling over,

had here become entombed. ]\Tost of the bones are concealed by the

tufaceous floor which has formed over them, but protruding through
and above this are to be seen the head of a femur with an inch or two
of the vertebral column, two or three small pointed projections resem-

bling teeth, and a portion of a third bone undetermined. It was abso-

lutely impossible to gain any information concerning these bones which
would be of scientific value.

The ground passed over is only one-fourth of the cave accessible, with
but little trouble, to visitors ; and yet the fleeting hours invite return and
compel a speedy retreat.
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It is a matter of profound regret that the peculiar combiuation of un-

toward circumstances precluded a more scientific examination of the

Luray Cavern. It is quite certain that the work could be thoroughly-

done with little cost if the same party could have proper facilities an-

other season. The daze of first impressions being off, there would be

no hindrance to genuine work. An electric light should be used in

place of the magnesium wire, and bearings, distances, and elevation

carefully noted.

Comparing this great natural curiosity with others of the same class,

it is safe to say that there is probably no other cave in the world more

completely and profusely decorated with stalactitic and stalagmitic

ornamentation than that at Luray. So abundant is this decoration that

in only a small portion of the whole interior is unadorned rock visible.

Here in this dark studio of nature are reproductions of all those

objects which are wont to fill the mind with j^leasure, wonder, or alarm

—

crystal fountains, spouting geysers, cascades, flower gardens, gems

which are the crown jewels of nature set off against a background of

velvet darkness, cathedrals gorgeously sculptured and frescoed, chimes

and deep-toned organs, thrones, spectral beings, terrestrial, celestial,

and infernal—objects whose multiplicity variety and splendor would ex-

haust the whole literature of mythic and fairy lore, in providing names

for their infinite diversity of beauty. The indications are that the work

was done with comparative rapidity, and the present dryness is sufift-

cient evidence that the process has nearly ceased. Indeed, with the ex-

ception of a few spots where there is a slight percolation of water from

above, and a few where the gathering into pools allows the crystalliza-.

tion of the salts of lime, the atmosphere is all too dry for the deposition

of lime carbonate. The cessation of the production of stalactites after

the chambers had received their finishing touches was doubtless due to

a change of condition of the land in the neighborhood, causing the drain-

ing away into deeper channels of the surface water. This change prob-

ably resulted from the further deepening of the bed of the neighboring

stream, after the greater part of the ornamentation had been completed.

These circumstances indicate some degree of geological antiquity for the

Luray Cavern. Hence a date as early as the Tertiary period has been

suggested, but there is no apparent reason why it may not be supposed

to have originated in one of the Mesozoic periods. In auy case we may
safely assume that the Luray Cavern long antedates the pristine man,

although one of his descendants paid a fatal visit here long before Mr.

Stebbins.

The obscurity of the aperture through which it was discovered by its

present jjroprietors (1878) would naturally suggest that its existence

could not have been previously known. The discovery of parts of a

skeleton of man or of some large vertebrate, mostly embedded in

tufaceous carbonate of lime, at the bottom of a chasm, shows that it was

at one time of easier access ; indeed, it is affirmed that former owners
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of the land had dumped loose rocks into the aperture to prevent young
stock from wandering in and getting lost. The bones discovered are

doubtless of considerable human antiquity ; but, as they are found upon
one of the few spots in the cave where the tufaceous material is still

forming, it would appear probable that their age may not exceed two
hundred or three hundred years.

A few insects have been found in Luray Cave, but a thorough exami-

nation with a view to collecting its fauna could not be made in the short

stay allowed the Smithsonian i)arty. No streams or pools of water have
as yet been found in which an aqueous fauna might exist, and from pres-

ent indications it is likely that the variety of animal life will prove to be
very limited. At present a few spiders, flies, and one myriapod are

known. An account of the former will appear in the American Natur-

alist, from the pen of the editor, Dr. A. S. Packard, jr. The myriapod
has been described in volume iii, p. 524, of the Proceedings of the Na-

tional Museum by Mr. J. A. Ryder and named zygonopus whitei in honor

of Dr. C. A. White.

The vegetable growth is far more limited in extent. The proprietors

have been compelled to form the walks and balustrades, through the

cave, of green planks. In several places the white mold hangs from the

under side of these planks in long graceful festoons, not unlike the moss
upon the cypress trees of the South.

The party were greatly pleased with the courtesies received at the

hands of the proprietors of the caverns, the citizen of Luray, and the

Baltimore and Ohio Railroad Company, and only regret that their limited

time and opportunities prevented their making a thorough scientific ex-

ploration.

The Institution is indebted to Mr. McDowell, treasurer of the Shenan-

doah VaUey Railroad, for the use of the illustrations in this article.



DISCUSSION OF THE BAROMETRIC OBSERVATIONS OF PROF. E. S.

SNELL (AMHERST COLLEGE).

By Prof. F. H. Lotjd, of Colorado College.

The meteorological register of Amherst College was begun in 1835

by the late Prof. E. S. Snell, and consisted for the first year of a mere

register of storms, to which daily observations of the thermometer and

wind were added in 183G. Barometric observations were also begun in

November, 1836, but the instrument employed for the first fifteen years

was of inferior accuracy, and the observations were not corrected for

capacity nor for temperature. With the beginning, of the year 1852,

new instruments by James Green—a barometer, thermometer, and psy-

chrometer—were furnished by the Smithsonian Institution, and in 1854

the uniform hours of observation recommended by the Institution were

introduced. The thermometer previously in use was at the same time

tested and approved by Professor Guyot. From that time to the present

the same instruments, with the exception of one bulb of the psychrom-

eter, have been in use in the same positions ; and, together with gauges

for rain and snow, they comprise aU the instruments used in the daily

observations. From the same time the hours of observation have re-

mained unchanged, viz, 7 a. m* and 2 and 9 p. m. The series of twenty-

five years of observations, from 1854 to 1878, is therefore as nearly as

possible homogeneous throughout, and it is scarcely less so in respect

of the observers who have been engaged upon it, for few of the observa-

tions have been made by others than Professor Snell and one or two

members of his family. His well-known scrupulous accuracy is there-

fore characteristic of the whole work. In 1858 five months of observa-

tion were mad^ by the tutor in mathematics (now Rev. H. S. Kelsey, of

New Haven) at his room in North College, the only instance of a removal

of the instruments ; but before the barometer observations made during

this interval were incorporated with the others in the present reduction

they were corrected for difference of level, no such correction having been

made at the time.

Amherst is situated in latitude 42° 22', longitude 72° 30' W. The
elevation of the barometer- cistern above the level of the sea was deter-

mined by Professor Guyot at 267 feet, and this computation has been
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verified by leveling from the track of the New London Northern Eail-

road, the height thus deduced being 266.5 feet. The readings of the

barometer have never been corrected for elevation, but represent the

actual pressure at Amherst in inches of mercury at 32° Fahr.

In regard to the fluctuation of atmospheric pressure, the observations

at Amherst may probably be regarded as fairly representative of New
England and the adjacent portion of New York. In confirmation of

this opinion, the figures at the foot of this page are cited from a pam-

phlet of " Meteorological Researches for the use of the Coast Pilot,"

published in 1877 by the United States Coast Survey. They are the co-

eflicients of Bessel's i)eriodic function, under a modified form, in which

e-i represents the value which ^p, the time-angle, has at the maximum of

the annual inequality, and ^2 is the value of 2^ at the maximum of the

semi-annual inequality. The coefficients Bo, Bi, B2 are expressed in mil-

limeters. The places named in the first column are all those within the

above-named region which are embraced in the tables of the pamphlet

(pp. 33, 34). The data from which the numbers in the first seven

lines were computed were originally published in 1861 by the Smith-

sonian Institution (" Results of Meteorological Observations, 1854-'59")

;

those in the seven following lines were derived from the Reports of the

Chief Signal Officer, 1872-1876. The latter are reduced to sea-level;

the former are not. None of the fourteen are based upon more than six

years' observations. The values given separately for Amherst, below the

rest, are taken from the present reduction of the twenty-five-year series,

and it will be seeu that except in the value of £2 they agree well with the

mean of all the others. This angle £2 appears from the given values to

be very variable when a comparison is made of different places, or even

of the same place in diiferent short series of years, a circumstance,

doubtless, connected with the fact that, as apjiears from the present

reduction of the Amherst observations, the coefficient B2 of the term

B2 cos {2(p—^2) is less than that of the following term in 3^,— of which

term no account is made in the pamphlet.

Place. Bi

Steaben, Me
Gardiner, Me
Nantucket, Mass . .

.

New Bedford, Mass
Amherst, Mass
Burlington, Vt
Rochester, N. Y
Portland, Me
Boston, Mass . .

.

New London, Conn.
Burlington, Vt
New York, N. Y . .

.

Oawego, N. Y
Rochester, N. Y

Mean of the above
Amherst, Mass

mm.
759.6
757.0
761.6
759.5
755.1
751.9
746.7
761. 2

761.8
762.5
761.5
762.7
761.7
761.2

mm.
1.1
1.2
1.0
1.1
1.6
1.1
0.9
0.4
0.9
1.0
1.6
1.3
0.9
1.2

mm.
0.7
0.5
0.6
0.7
0.3
0.6
0.6
0.4
0.4
0.3
0.3
0.4
0.5
0.4

265
290
289
277
355
261
354
297
308
323
329
339
343
340

1.1
1.2

0.5
0.5

312° 9'

308° 57'

19
350
40
51
53
30
51
56
44
63
58
49
94

320

39° 9*

82° ZC
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ANNUAL FLUCTUATION OF ATMOSPHERIC PRESSURE.

lu order to deduce the annual march of atmospheric pressure with as

much accuracy as the Amherst twenty-five-year series renders possible,

the first step has been to derive the coefiicients of BessePs periodic func-

tion from the given monthly 'means. These, as given in the records,

were of course originally derived from the daily moans, and these last

are simply the third part of the sum of the three daily observations, no

additional weight being giv^eii to the evening observation. In the re-

duction of the barometric observations no correction for hours of observa-

tion has been attempted, but a correction for the unequal length of the

calendar months was made in the manner presented by Mr. E. L. De
Forest, and quoted on page 170 of Mr. Charles Schott's paper on tem-

perature {Smithson. Conf., vol. XXI). The monthly means thus corrected

are as follows :
*

January 29. 7742

February 29. 7354

March 29.6717

April 29.6776

May 29.6588

June 29. 6815

July 29.7065

August 29.7257

September 29.7968

October 29. 7500

November 29. 7071

December 29.7626

The form of the function derived in this i^reliminary computation is

the following:

P = 29.7207+.0467 sin (tf+U2O20')+.0227 sin (2^-f 1 0^34') -f.0241 sin

(3 ^4- 44041/).^ .0139 sin (4^+92o44').

From this formula a table of normal pressure for every day of the

year was preijared, the value of P being computed directly from the

formula for March 1st, and every tenth day thereafter to August l»3th;

also for September 1st and every tenth day to February 28th. The
values for the intermediate days were then obtained by interjjolation,

using' second differences, except a few days at critical epochs, the values

for which were again computed from the formula. The table of normal

pressures thus deduced is as follows, the integral part of each value in

this and succeeding tables of barometric pressures being omitted for

"The amount of this coiTection for length of months may be seen by comparing the

means here given with those appended to Table I in the line headed " Means from Rec-

ord." I did uot think it necessary to verify the work of Professor Suell in obtaining

the means of the single months from the daily means or the latter from the observed

heights, especially as the formula resulting from the present computation is used only

to direct the subsequent work. A separate determination of the mean monthly pres-

sures, independent of the recorded monthly means, occurs at the end of Table II.

Since my work was completed, however, I have received from H. A. Hazen, M. A., a

list of errors in the recorded monthly means which he has discovered in examining

Professor Snell's work. Making allowance for these errors the mean monthly pres-

sures, uncorrected for unequal lengths of the months, are as given in the last line of

Table I, " Means from corrected record." In Table VI (the only remaining part of my
work which is derived from the recorded monthly means) I have substituted Mr.

Hazen's determiuatious wherever he has found those of Professor Snell erroneous.
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brevity, as it is in every case 29 inches. The computation was ex-

tended to four places of decimals, though it has been thought unneces-

sary to give more than three.

Table I.

Atmospheric pressure for every day in thsjyear^'rom the periodic function.

Day of the month.

9.

10
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.
24
25.

26.

27.

28.

29.

30.

31.

785
786
786
787 I

787
I

787 !

788
788

;

788
787
787
787
786
785
784

'

784
783
781
780
779
777
776
774
772
770
768
766
764
762
760
758

Means '.7791

Means from record 1. 7740

Means from corrected
record

+57

,7727

756
753
751
749
746
744
742
739

I

737 I

735
I

732
730
728 >.

726
I

724 I

721
j

719 :

il7
715
713
711
710
708
706
705
703
701
700
699

.7255

.7365

-110

.7351

697
096
695
693
692
691
690

688
687
686
686
085
684
684
683
682
682
681
68]

680
680
680
679
679
678

.6854

.6732

+ 122

.6732

677
676
676
675
675
674
674
673
673
672
672
671
671
670
670
669
669
668
668
667
667
666
666
666
665
665
664
664
664
663

6696
6780

-84

6818

663
663
662
662
662
662
661
661
661
661
661
661
661
662
662
662
662
663
663
663
664
664
665
665
666
667
667
668
669
669
670

671
671
672
673
674
675
676
676
677
678
679
680
681
682
682
683
684
685
685
686
687
687

690
690
691
691
692
692

.6636

.6588

693
693
694
694
695
695
695
096
696
697
697
697
698
698
699
699
700
700
701
701
702
702
703
704
704
705
706
707
708
709
710

711
712
713
714
716
717
719
720
722
723
725
727
728
730
732
734
736
738
740
742
744
746
748
750
752
754
756
759
761
763
765

767
769
771
772
774
776
777
779
780
782
783
784
785
786
787
788
789
789
790
790
790
790
790
790
789
789

787
786

785
783
782
781
779
777
776
774
772
770
768
766
763
761
759
756
754
752 i

749
747
744

'

742
740
737
735
733
730
728
726
724
722

720
719
717
715
714
712
712
710
709
709
708
707
707
707
707
707
707
707
708
708
709
710
711
712
713
715
716
218
720
721

6999
7057

7354
7250

,7835
,7968

,7553 .7118
,7506 .7068

+48

.6594

+16

,6822

-58 +104

. 6978 . 7280

—133

.7954

+47 +50

7516 .7094

725
725
727
729
Tii
7?4
V36
738
741
743
745
748
750
752
755
757
759
761
764
766
768
770
772
774
775
777
778
780
781
783
784

.7557

.7624

-67

7624

It here appears that the extremes of the annual fluctuation are the

maximum 29.7903 on the day of the autumnal equinox, with the mini-

mum 29.6612 on May 10, while a subordinate wave occurs in the begin-

ning of the decline from the September maximum, reaching a minimum
value of 29.7066 in the middle of ]Srovember, with a subsequent rise to

29.7877 on the 8th of January.

The most marked deviation between the monthly means of the com-

puted normal values and the means which were the basis of computa-

tion, aside from those which are due to maxima or minima already ex-

posed, is found in the months of March and April ; and this is due to a

deviation from the regular jjrogress occurring in the end of March,

which will be noticed hereafter in its proper place.

It is well known that the accidental barometric oscillations have a

greater range in the winter than in the summer months, and for the

purj)ose of obtaining a quantitative determination of the normal degrecr
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of this atmospheric disturbance in every part of the year, as well as a

more accurate account of the annual fluctuation of pressure, the daily

means of the barometer for the twenty-five years were next arranged

under each day of the year in two columns, one column containing

those means which exceed the normal value for the i^articular day in

question, derived from Table I, the other column containing the means

for like-named days in the remaining years, all falling below the com-

puted normal value. Each column having been added, the diflerence

between its sum and the product of the normal value by the number of

means in that column was found. Then if d and d' represent these differ-

ences, N the normal value, and n the number of means in both columns

taken together, (twenty-five, except when an omission occurred,) —l!^—

is the onean of the departures of the daily means from the normal value for

d—d' 1
that dav of the year, and N4- 1 equal to th of the sum of the two

71 n

columns, is the mean pressure for the same day. The mean pressures for

every day of the year, thus deduced, are as follows

:

Table II,

Almosplieric
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dental variations, but we may attempt to eliminate that effect by com-

bining them in groups. The following are the mean values of atmos-

pheric pressure in ten-thousandths of an inch, obtained directly from

Table II, for thirty-six equal periods of 10.15 days each, beginning with

January and embracing the entire year. (The integral part, 29 inches,

is omitted as before
:)

Table III.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

8030
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a contrary opinion may be derived by examining the deviation of each

period from the normal pressure.

As will ijresently be shown, the probable error of one of the values in

Table III is a variable quantity, having for its mean value 0.0095, while

at its maximum it is about 0.0122 and at its minimum 0.0058. If now
we compute a value for the middle day of each period from the periodic

function, in the same way as Table I, but to four places (which may be

regarded as representing accurately enough for the present purpose the

normal value of pressure for the period, aside from the irregularities now
under discussion), these normal values, subtracted from the successive

values of Tables III, will leave the following residuals

:

1..

2..

3..

4..

5..

6..

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

+
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interesting as showing the impracticability of obtaining actual conver-

gence from a series of observations no longer than the present

:

Bo = 29.7194

Bi= 0.0480 B4 = .0128 B^ = .0135

B2= .0210 B5 = .0028 Bs = .0059

Bs = .0271 Be = .0090 Bg = .0115

The corresj^onding angles are as follows

:

/?i = 141o 3' /?4= 89^56' /97 = 139o 0'

/?,= 7 40 /95= 5 8 /58 = 186 12

/?3= 45 50 /5g = 104 26 /Jg = 242 30.

Mr. E. L. De Forest, in the Analyst for July, 1877, refers to a previous

paper of his own in which he has pointed out a simple test of the accu-

racy of the adjustment of a series of values subject to accidental variation.

The test quoted is in substance as follows : If the original (observed)

values be subtracted from the adjusted values, term by term, the result

is the series of residual errors. If the terms of this series be pointed

off into groups, by inserting a point of division at every change of sign,

the most probable number of terms occurring in groups of three or more

is ^ N ± .533 V^', where K denotes the whole number of terms of the

series, and the expression following the sign i is the probable error.

If the number of terms occurring in such groups falls short of ^ IST by

more than the probable error, the inference is that the inequalities of the

series have not been smoothed out enough; but if it exceed ^ N by more

than the ijrobable error, the series has been smoothed too much. From
the nature of the periodic function, the adjustment effected by it would

be expected to err (if at all) in the latter of these two directions. In

fact, when a series of residuals is formed by subtracting the terms of

Table II successively from the corresi^onding terms of Table I, the

number of terms or signs occurring in groups of three or more exceeds

half the whole number of terms by 79, while the probable error, .533 a/366,

is only 10.3. Though a closer approximation to a perfect adjustment

might probably be derived by the use of the more exact coefficients just

obtained, it seems preferable, for the purposes of comparison, to use a

different process of adjustment, and hence the method of successive

means has been employed. The arithmetical means between each term

of the series of Table II and the next succeeding term form the first

order of means, the second is derived in the same way from the first,

and so ou until the tenth order of means is obtained, which constitutes

Table IV.
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Table IV.

Computed normal pressure for every day in the year.

[Tenth order of means' from Table n.]

469

Day of the month.
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mean of the departures of the daily means from the normal value." The
series of the mean departures thus obtained is as follows, in thousands

of an inch of mercury

:

Table V.

Means of the Departures of Daily Means from Normal Value.

Day of the month.

1

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16 .*

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Sums

Means

235
232
214
174
190
225
234
291
222
342
184
183
239
240
233
192
227
223
255
171
240
239
229
255
240
242
197
186
190
270
178

219
253
208
296
257
195
23G
249
260
197
209
229
143
179
201
265
263
237
190
196
223
197
234
251
296
183
213
248
192

214
251
180
187
205
234
173
223
208
195
197
167
207
161
166
251
224
167
234
157
260
211
221
249
247
203
166
209
226
233
250

294
224
178
231
222
202
175
169
171
159
135
172
190
230
166
226
197
163
185
162
177
152
176
186
177
190
136
161
172
180

171
179
191
151
133
142
152
179
145
131

137
151
150
188
185
154
132
135
148
156
156
159
112
134
116
126
164
175
120
127
173

168
137
129
133
150
124
146
150
173
144
169
168
133
131
135
120
117
112
108
123
106
107
109
099
121
113
107
114
122
126

110
111
093
126
094
101
102
106
143
105
094
095
104
112
100
117
107
122
121
110
125
148
111
084
i)93

099
092
068
096
089
110

118
102
118
122
138
134
105
127
152
131
103
081
087
075
084
115
115
114
112
131
131
127
130
100
135
114
135
125
131
135
126

155
140
124
139
112
106
134
173
131
126
127
159
170
162
118
156
137
152
170
113
133
139
173
169
130
115
154
123
165
190

163
198
211
161
166
171
186
163
167
126
173
175
181
203
211
140
162
172
196
172
161
239
225
249
207
227
247
212
246
179

178
186
189
219
196
239
281
237
155
184
180
206
215
179
236
303
281
235
218
224
205
235
243
203
237
226
171
171
229
283

235
216
232
266
199
231
256
216
271
239
145
224
250
218
215
190
242
257
244
237
270
251
238
233
195
170
213
225
215
222
225

6.978

.2251

16. 387
6. 579
2278

6.476

.2089

5.558

. 18.53

4.672 3.894

1507 .1298

3.288

1061

3.713

1198

4.295

1432

5.914 6.544

1908 .2181

7.040

. 2271

An inspection of this table shows a marked annual variation. To
exhibit its law, the monthly means at the foot of the table were first

corrected for the unequal length of the months, and then used to com-

pute coefficients for Bessel's periodic function. The resulting formula

is the following

:

D=0.17754-.0607 sin (^-f76o.l)+ .0094 sin (2^+218o.O)

+ .0036 sin (3^+275o.6)+ .0016 sin (4^+259o.6.)

The coefficients of the five terms here given exhibit a more satisfac-

tory convergence than any five successive terms in the formula for the

annual fluctuation of pressure, and indicate that the function in ques-

tion—the amount of atmospheric disturbance—is entitled to considera-

tion as a meteorological element governed by a simple law of change.

By differentiating the formula the function is found to have two nearly

equal maxima on December 11 and February 4, of which the latter is

the higher, their respective values being 0.2261 and 0.2275. Between



DISCUSSION OF BAROMETRIC OBSERVATIONS. 471

these iioiuts the curve maiutains a nearlj^ imiform height, having its

minimuui on January 1, when the vahie is 0.2254:. The minimum for

the year is 0.1089 on July 23.

Besides its significance as an independent meteorological element, the

function may also be regarded in its relation to the probable error of

the numbers composing Tables II, III, and IV. Referring to the method
by which the mean departures were computed it will be seen that as the

number of daily means in excess of normal value varies but little from

the number in defect, the inaccuracy of the normal value of pressure as

derived from Table I must be too slight to affect appreciably the result-

ing formula for mean departure; hence this mean departure may be

regarded as identical with the mean of the errors of single daily means,

regarded as measurements of the true normal pressure. The " mean
error" will then be found by multiplying the mean departure by the

constant 1.2533, or the probable error by multiplying it by 0.8453. Ap-

plying the latter factor to the extreme and mean values of the function

it appears that the probable error of a single daily mean is ± 0.1923 on

February 4, ± 0.09205 on July 23, and has a mean value of ± 0.1500. If

no daily means had been omitted in the records each of the numbers in

Table II would have been derived from twenty-five daily means, and its

]>robable error would have been one-fifth that of the daily mean. But

in fact 184 of the 9,131 daily means are wanting, so that the average

number of means in a column is 24.496. Hence the factor by which the

l)robable error of a daily mean is to be multiplied is—7-7-=— or 0.202.
v24.49b

The products, .0388, .OlSf), and .0303, are the extreme and mean values

of the i)robable error of the numbers in Table II. Each of the numbers

in Table III is the mean of 10.15 numbers of Table II, hence the prob-

able errors of the values in Table III are: Maximum, .0122; minimum,

.OO08 ; mean, .00951.

Finallj', Table IV is derived from Table II by taking the tenth order

of means. Now, if from the series of terms Tj, T2, T3, etc., m successive

orders of means be derived {m being an even number), the value of

that term in the mth order which corresj)onds to Tn is

:

l^T -4-mT
^n{m-l)rj^

,

2'"( (Ji-Am)^ ('i-Jm+D ' 2 (w-^m+2)i

the coefficients being those of the wth power of a binomial.

Hence, supposing the probable error of each term of the original

series to be r, the probable error R of a term of the mth order will be

:

•D ^ ( 1 , 9 ,

Wl2(m— 1)2
, 2 , 1 ) iE=2^.|l+»i'-| ^,2

—

--\- • • ' +w2+ip.

If 10 be put for m in this formula, we have

E=0.4198r.
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Hence the probable errors of the vahies in Table IV are the following:

maximum, February 4, 0.01G3; minimum, July 23, .0078; mean, .01272.

It is to be observed that in all the above determinations of probable

error, the maximum and minimum values of the error, being derived

from Bessel's function, are probably somewhat incorrect by not depart-

ing widely enough from the mean value, but the mean value itself is not

liable to such an error.

The i^robable error of the mean annual pressure, 29.7194, is i 0.00150;

that of the mean of a single year is ± 0.00785.

BAE03IETRIC EANGE.

Of the readings of the barometer at each of the regular tri-daily obser-

vations during a month, corrected for temperature, the highest and lowest

values are noted in the register at the end of the month, and the difler-

ence between them is recorded as the barometric range for the month.

The means of these ranges for like-named mouths in the twenty-five years

are the following: January, 1.255; February, 1.301; March, 1.18G; April,

1.012; May, 0.875; June, 0.727; July, 0.615; August, 0.G55; September,

0.846; October, 1.042; November, 1.221; December, 1.427.

It will be noticed that the annual fluctuation of barometic range

copies closely that of the mean departure of the daily mean. The mini-

mum in July, the double maximum in December and February, with

the intervening value for January, which, though lower than that of

either of the adjacent months, is higher than that of any of the remain-

ing nine; all these peculiarities are common to the two functions. They
differ, however, in the relative height of the two maxima, the December
maximum being in this case higher than that in February.

SECULAR VARIATIONS OF ATMOSPHERIC PRESSURE AND DISTURBANCE.

Among the variations of meteorological elements supposed to have a

period of more than a year, two are embraced within the subject of the

present discussion, viz, that of atmospheric pressure, and that of atmos-

pheric disturbance, expressed by barometric range.

Table VI.

Variation of the annual means ofpressure.

Tear.
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JB53

JS80

JL365

In Table VI the first column contains

tlie names of the several years, from 1854

. to 1878, inclusive; the second column shows

the annual means ofpressure, taken direct-

ly from the register. In order to eliminate

minor and irregular variations, the second

order of means of this series is taken, ana

this constitutes the third column. The re-

maining column contains Wolf's sun-spot

numbers, as given by Professor Loomis.

{Am. Journal of Science and Art,, April,

1873 p. 247.) As the numbers are there

given only through 1871, Professor Loomis

has kindly furnished me with those for the

subsequent years. The table indicates a

fluctuation of annual pressure, having a

range considerably in excess of the prob-

able error of a yearly mean. The years

1856, 1864, and 1870 are those of minimum

pressure, while maxima fall on the years

1858, 1866, and 1874. Hence the period

appear to consist of about eight years,

with no manifest relation to that of the

sun-spots. (See adjoining diagram.)

Table VII shows the fluctuation of baro-

metric annual range. As therange ofpress-

ure attains its greatest extent each year du-

ring the winter months, the annual rango

here considered is the difference between

the highest corrected reading of the baro-

meter in any one winter and the lowest

reading for the same winter; i. e., the year

in which each range is taken begins July

1 and ends June 30. The second column

of the table contains the names of the

months in which these highest and lowest readings occiirred, the month

^f the maximum being named first in each case. The two column fol-

lowing contain the extreme values of pressure, and the next column

(the fifth) coutains the range or difference between them. The penodic

fluctuation of the numbers in this column is so marked as to admit of

taking four orders of means, by which the accidental variations are elim-

inated. The result of this process constitutes the sixth column, ihe

seventh and last column contains the series of sun-spot
^l^^J^^^s 5

^^^
as the year to which any sun-spot number, as given by Wolf, belongs

has its beginning and end at January 0, instead of July 0, he sun-spot

numbers for this column are obtained by taking the first order of means

JIB70

i2BZ5
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of Wolf's series (that is, the mean of Wolf's numbers for 1836 and 1837

is taken as the sun-spot number for the year 1836-'37, the mean of the

given numbers for 1837 and 1838 as the number for 1837-'38, etc.). In

this comparison the observations for the years 1836 to 1853, hitherto

omitted from this discussion, are included ; for though in respect to the

absolute values of pressure these observations are not comparable with

the later ones, they may be considered -as fairly comparable as far as

range is concerned, though less accurate.

Table VII.

Variation of the Annual Barometric Range.

Year.

1836-'37 .

1837-38 .

1838-'39 .

1839-'40 .

18-i0-'41 .

1841-'42
.

1842-'43 .

1843-44 .

1844-'45 .

1845-'46 .

lS46-'47 .

1847-'48 .

1848-'49 .

1849-'50 .

1850-'

1851-'
1852-'

1853-'

1854-'

1855-^

1856-'

1857-'

1858-'

1859-'

I860-'
1861-'

1862-'

1865-'

1864-'
1865-'

1866-'

1867-
1868-'

18G9-'
1870-
1871-'

1872-'

1873-'

1874-
1875-'

1876-'

1877-'

1878-'

Months of
extremea.

Apr
Oct.
Dec.
Oct.-

Oct.
Feb.

Feb.-

Feb.
Feb.-
Dec
Nov
Jan.
Dec
Feb,
Jan.
Dec.
Dec.
Jan.
Jan
Feb.
Dec.
Dec.
Jan.-
Feb.
Feb.
Oct.-
Jan."
Jau.-
Deo
Jan.-
Feb.
Dec.
Feb.
Dec.
Jan.
Feb.

-Jan.
-Dec.
-Oct.
-Mar.
-Feb.
-Apr.
(Feb.
) Mar.
-Dec.
-Apr.
-Jan.
.-Dec.
-Dec.
.-Dec.
-Dec.
-Oct.
-Mar.
Feb.

-Feb.
-Feb.
-Apr.
-Feb.
-Dec.
-Apr.
-Dec.
-Apr.
-Dec.
-J.an.

-Feb.
-Feb.
Mar.
Nov.
-Nov.
-Feb.
Dec.
Mar.
-Dec.

a

30.38
30.32
30.69
30.40
30.42
30.41
30.48
30.58
30.34
30.54
30.48
30.42
30.45

30.50

30. 58
30. 423
30. 486
30. 463
30. 664
30. 381
30. 687
30. 569
30. 446
30. 427
30. 431
30. 549
30. 718
30. 419
30. 340
30. 672
30. 584
30. 526
30. 363
30. 380
30. 428
30. 323
30. 387
30. 453
30. 372
30. 629
30. 320
30. 374
30. 458

a

28.50
28. 61
29.00
28.40
28.77
28.75
28.80
28.61
28.60
28.90
28.40
28.88
29.10

28.90

28.64
28. 605
28. 546
28. 799
28. 695
28. 640
28. 773
28. 846
28. 817
28. 948
28. 787
28. 779
28. 970
28. 919
28. 703
28. 637
28. 543
28. 755
28. 681
28. 820
28. 869
29. 036
28. 645
28. 509
28. 807
28. 621
28. 824
28. 764
28. 641

1.88
1.71
1.69
2.00
1.65
1.66
1.68
1.97
1.74
1.64
2.08
1.54
1.35

1.60

1.94
1 818
1.830
1.664
1.969
1.741
1.914
1. 723
1. 629
1.479
1.644
1.770
1.748
1.500
1.637
2. 035
2.041
1.771
1. 682
1. 560
1.559
1.287
1.742
1.944
1.565
2.008
1.496
1.610
1.817

1.78
1.79
1.74
1.70
1.75
1.80
1.79
1.79
1.77
1.64
1.54

1.63

1.78
1.83
1.801
1.796
1. 823
1.835
1.809
1.733
1.634
1.591
1.640
1.698
1.670
1.646
1.734
1.887
1. 924
1.819
1.688
1.586
1.510
1. 527
1.656
1.762
1.777
1.740
1.677

103.8
96.8
75.5
60.1
40.7
24.6
14.0

*10. 8

23.0
40.0
63.2
89.9
t98.0

80.0

63.2
57.0
45.0
28.4
13.0
*5.5

12.9
36.2
73.6
t97. 5
88.0
68.4
51.9
45.7
39.8
25.0

*12.7
24.1
62.1

111.8
tl24. 6
105.6
84.0
55.5
30.8
14.2
11.8
7.9

In this table a relation between the mean range and the sun-spot

numbers is obvious at a glance, not a single maximum or minimum of

the latter series failing to fall on the same year with an opposite phase

"Years of miuimum sun-spots, and maximum barometric range,

t Years of maximum sun-spots, and minimum barometric range.
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of the fluctuatiou of mean range. Bnt there is an additional peculiarity

of this Huctuation which ajtpears to have nothing in common with that

of the solar spots except equality of i)eriod.

From each year of minimum sun-spots and maximum range to the

year of the opposite phases the i^rogress is always uninterrupted, but

the rise of mean range from the latter point to its next maximum on the

year of the sun-spot minimum is checked in every instance nearly mid-

way, or when the sun-spot number is about 40, by a decline lasting in

each of the four cases through two years, after which the increase of

range is resumed.

The highest corrected barometer-reading since 1853 is 30.G87 on Feb-

ruary 12, 1857, and the lowest is 28.509 on i^ovember 18, 1873. Their

difference, the range in twenty.five years, is 2.178 inches.

Of the apjjended diagrams, the first (divided into five sections, and
marked Parts 1 to 5, forming continuous curves for the year) shows the

barometric jjressure for each day of the year, as given numerically in

Tables I, II, and IV. The full (or solid) line exhibits the daily values of

pressure directly from observations (Table II), while the fine dotted

curve shows the normal values computed from the periodic function

(Table I), and the intermediate broken (or coarse dotted) curve is taken

from the values given in Table IV. Vertical lines are inserted at inter-

vals, having the middle of their length placed at the height of the

annual mean (29.719), and showing by their extent upward and down-

ward the probable error of Table II for the date. The probable error

of Table IV is also indicated by corresponding marks upon the vertical

lines.

Probable eirars of Tables II and IV, for each month.
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Dtc.^0
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/icale of Anmial Barometric Range.
H t- r r- - r- .-

Seals of SwrfspatiTumlters

S. Mis. 31- -31





AN ACCOUNT OF INVESTIGATIONS RELATIVE TO ILLUMINAT-

ING MATERIALS.*

By Joseph Henry.

It has been the policy of tlie Light-House Board since its first estab-

lishment not only to adopt the latest improvements which have heeu

made in other countries, but also to add l)y original investigations to

the sum of knowledge on aids to navigation. In accordance with this

policy, the Board has endeavored to keep itself informed as to the prog-

ress of the light-house systems of other countries, and in the erection

of new towers and the supply of new apparatus to adopt those improve-

ments which have from actual experience been preferred; and, further-

more, the committee on experiments have devoted a i)ortion of every

year to investigations which might develop new facts tending to greater

economy or efficiency in the various appliances by which the dangers of

navigation are diminished.

At the commencement of the operations of the Light-IIouse Board, in

1852, sperm-oil was generally employed for the purpose of illumination.

This was an excellent illumiuant, but as its price continued to advance

from year to year, it was thought proper to attemjit the introduction of

some other material. The first attempt of this kind was that of the in-

troduction of colza-oil, which was generally used in the light-houses of

Europe, and is extracted from the seed of a species of wild cabbage,

known in this country as rape, and in France as colza. For this pur-

pose a quantity of rape-seed was imported from France and distributed

through the agricultural department of the Patent-Office to different

parts of the country, with the hope that our farmers might be induced

to attempt its cultivation. Although the climate of the country ap-

peared favorable to its growth, and special instructions were prepared

and distributed by the Light-House Board for its culture and the means

of producing oil from it, yet the enterprise was not undertaken with

any approximation to success, except in Wisconsin, where a manufactory

of rai)e-seed oil was established by Col. 0. S. Hamilton, formerly of the

[*From the Eeport of tlio U. S. Light-House Board for 1875. The researches de-

scribed iu this memoir have a sufficient scientific vahie and popular interest to fully

justify their reproduction here.- -S. F. Baird.]
483
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United States Army. To this manufactory the Light-House Board gave

special encouragement, and purchased at a liberal price all the oil that

could be supplied; the quantity however which could be procured was
but a small part ot the illuminating material required for the annual

consumption of the Light-House Establishment.

The price of the spermoil still continuing to increase, the Board em-

ployed Prof. J. H. Alexander, a chemist of Baltimore, to make a series

of investigations on different oils, to ascertain a method of detecting

ad alterations in them, and to determine the relative economical value

of different kinds of oil which might serve for use in light-houses. In

his report Mr. Alexander recommended, as a means of detecting adul-

terations in oil, a thermal test, v^hich was based upon the amount of

heat evolved by mixing a given quantity of the oil witli sulphuric acid

of a given specific gravity, and noting the rise of temperature as indi-

cated by a standard thermometer in a unit of time. For using this

method, it was proposed to ascertain by actual experiment the heat

evolved by mixing pure oils with a given quantity of acid, and afterward

oils adulterated with given quantities of lard or inferior oils. This in-

genious suggestion was however never reduced to practice. The method
was too refined-, the difference of heat evolv^ed was scarcely sufficient

to be noted unless great precautions were taken to prevent loss by ra-

diation and conduction, and consequently it could not be emjiloyed by
ordinary inspectors. In regard to lard-oil, ]\Ir. Alexander failed to em-

ploy the proper method of burning it, and consequently rated it very

low on the scale of economical value as a light-house illumhiant.

In this stage of the history of the subject we are presenting, the chair-

man of the committee on experiments commenced himself to investigate

the qualities of different kinds of oil, and was soon led to direct his at-

tention to the comparative value of sperm and lard oils. The experi-

ments made by Mr. Alexander were with small lamps, and the compari-

son in this case, as will be shown, was much against the lard-oil.

The first experiment of the new series consisted in charging two small

conical lamps of the capacity of about a half-pint, one with pure sperm-
oil and the other with lard-oil. These lamps were of single rope wicks,

each containing the same number of strands; they were lighted at the

same time, and the photometrical power ascertained by the method of

shadows. At first the two were nearly equal in brilliancy, but after

burning about three hours the flame of the lard had declined in photo-

metric power to about one-fifth of that of the flame of the sperm. The
question then occurred as to the cause of this decline, and it was sug-

gested that it might be due—first, to a greater specific gravity in the

lard-oil, Avhich would retard the ascent of it in the wick, after the level

of the oil had been reduced by burning in the lamp ; or, second, to a

want of a sufficient attraction between the oil and the wick to furnish

the requisite supply as the oil descended in the lamp; or, third, it might
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be due in part to the imperfect liquidity of the oil, wiiich would also

militate against it-s use in mechanical lamps.

The lard-oil was subjected to experiments in regard to each of these

points. It was found, by the usual method of weighing equal quantities

of the two liuids, that the specific gravity of the lard was greater than

that of the sperm ; and also by dipping two portions of the same wick
into the two liquids, and noting tlie height to which each ascended in a

given time, that the surface attraction of the sperm was greater than

that of the lard, or, in other words, the ascensional i)0wer of sperm was
much greater than that of lard at ordinary temperatures. This method
was also employed in obtaining the relative surface attraction of various

other liquids; we say surface attraction instead of (iapillarity, because

it was found in the course of these investigations that substances which
had less capillarity—that is, less elevating i)ower in a flue tube—had
greater power in ascending in the meshes of a wick.

The relative fluidity of the diflerent oils was obtained by flUing in

succession a ijear-shaped vessel, with a narrow neck, of about the ca-

pacity of a pint, having a hole in the lowest part of the bottom of about

a tenth of an inch in diameter. Such a vessel fllled vcith any number
of perfect liquids would be emptied in the same time, whatever their spe-

cific gravity. As at any given horizon, inertia is directly proportional to

gravity, tlie heavier the liquid the greater would be the power required

to move it, but the motive power would be in proportion to the pressure,

or, in other words, to the weight, and therefore all perfect liquids should

issue from the same orifice with the same velocity. To test this propo-

sition, eight fluid ounces of clean mercury, and then the same bulk of

distilled water, were allowed to run out of the A^essel above mentioned;

the time observed was the same within the nearest second. It was found,

in repeating this experiment with sperm and lard oils that the rapidity

of the flow of the former exceeded considerably that of the latter; the

ratio of time being 100 to 107.

The results thus far in these investigations were apparently against

the use of lard-oil; it was observed however in the experiments on the

flow of tlie two oils on different occasions, that a variation in the time

occurred, which could be attributed only to a variation in the tempera-

ture at which the experiments were made. In relation to this point the

effect of an increase of the temijerature above that of the atmosphere on

the flowing of the two oils was observed. By this means the important

fact was elicited that as the temi)erature was increased the liquidity ot

the lard increased in a more rapid degree than that of the sperm, and
that, at the temperature of about 250° F., the li(piidity of the former

exceeded that of the latter.

A simil'ir series of experiments was made in regard to the rapidity' ot

ascent of the oil in the wick, and with a similar result. At about the

temperature of that before mentioned, the ascensional power of the lard



486 INVESTIGATIONS RELATIVE TO ILLUMINATING MATERIALS.

was greater than that of the sperm. These results were recognized as

having an important bearing on the question of the application of lard-

oil as a light-house illuminant. It only required to be burned at a high

temperature ; and as this could be readily obtained in the case of larger

lamps, there appeared to be no difficulty in its application.

The previous trials had been with small lamps, with single solid wicks,

instead of the Fresnel lamp, with hollow burners. After these prelim-

inary experiments, two light-houses of the first order, at Cape Ann,

Massachusetts, separated by a distance of only 900 feet, were selected

as affording excellent facilities for trying, in actual burning, the correct-

ness of the conclusions which had been arrived at. One of these light-

houses was supplied with sperm and the other with lard oil, each lamp

being so trimmed as to exhibit its greatest capacity. It was found by

photometrical trial that the lamp supplied with lard exceeded in inten-

sity of light that of the one furnished with sperm. The experiment was

continued for several months, and the relative volume of the two ma-

terials carefully observed. The quantity of sperm burned during the

continuance of the experiment was to that of lard as 100 is to 104.

The freezing temperature of lard-oil depends upon the temperature

at which it was expelled by pressure from the animal tissues in which it

was contained. It is higher however than the freezing temperature of

sperm, on an average of from 3° to 4°, but this is a matter of no jirac-

tical objection to the substitution of lard for sperm, since the heat

evolved from an Argand lamp is, in cases where the draught passes

through the reserv^oir, sufficient to keep the lard liquid even during the

lowest external temperature. Indeed, the small difference in tempera-

ture in freezing of the two oils is a matter of little moment, in cases

which frequently happen when the temperature of the atmosphere is

l)elow zero on the Fahrenheit scale. At such a temperature, both oils

would become alike solid, unless some means were aflbrded for i^revent-

ing the freezing.

The next step toward the introduction of lard-oil was the devising of

a system by which it could be inspected, and the Board assured, before

it should be too late to remedy the evil, that the lard purchased was of

a good quality. This was a matter of great importance, and involved

no small degree of responsibility, since the contractor was entitled to

his pay immediately after the acceptance of the oil, and while the quan-

tity i^urchased amounted annually to nearly 100,000 gallons.

The conclusion was arrived at that it was impossible, from any single

test that could be applied to small samples, to determine the quality of

the oil as applicable to light-house purposes; and that in the present

state of our knowledge as to its character the following tests are re-

quired to fully insure in all cases the required quality of the article

:

1

.

Specific gravity at 60° F.

2. Liquidity at different temperatures.
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3. Freedom from acids or alkalies.

4. Eesistance to freezing.

5. Actual burning in fifth-order lamps for at least ten hours.

G. Photometric power afterburning one hour, and again after burning

ten hours.

7. The condition of the wick at the end of the burning.

These tests are of very unequal value, and several of them might be
dispensed with, were others reduced to an absolute standard determined

by the actual experience of burning in the light-houses.

The specific gravity of impure lard and of that which has been care-

fully refined differ but little, and hence, unless the experiment be made
by means of a delicate balance, the indications will be of comparatively

little value. Still, as a given samjile might contain some foreign sub-

stance which is not usually mixed with this oil, the test with the hydrom-

eter should not be omitted.

In making this test, a cylindrical vessel containing the oil, of suffi-

cient diameter to jiermit the hydrometer to float freely without hinder-

ance from the sides, should be immersed in a vessel containing several

gallons of water, which, when once reduced to G0<^ by the addition of

ice-cold water, can, on account of the great specific heat of water, be

readily kept at that temperature by a slight addition of cold water from

time to time, the whole being continually stirred. It is scarcely neces-

sary to state that the vessel containing the oil must be so weighted at

the bottom that it will stand erect in the cold bath in which the experi-

ment is made.

Liquidity at different temperatures is a test similar in character to

that of specific gravity ; although the difference in degree of liquidity of

different kinds of oil, such as sperm, whale, and lard, is very considera-

ble, the difference between different samj^les of lard-oil is small. Still,

this test, for a similar reason to that given for the specific gravity, should

be applied.

The test for free acids and alkilies is easily made, and should in no

case be omitted. A portion is put into beaker-glasses, with a slip of lit-

mus-paper in one and a slip of tumeric paper in the other, and suffered

to remain immersed perhaps twenty-four hours ; and at the end of that

time, if one of these papers exhibits no redness and the other no brown-

ness, the oil may be considered void of free acid and of alkali, both of

which would lessen its value, the former tending to corrode the lamp

and the latter interfering with its burning quality.

Resistance to freezing is an important test, but not as easily applied

in the case of lard-oil as might at first be imagined. Lard-oil possesses

the remarkable property of resisting the influence of a low temperature

if suddenly applied, while it will freeze at a much higher temperature if

the cold be continued for several hours.

For example, if a small portion of lard-oil be placed in a test-tube and

submitted to a rapid diminution of temperature by being plunged in a
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freezing-mixture, it will remain liquid at a temperature of 19° or 20°,

whereas it will co ngeal at a temperature of 40° if suffered to remain at

that temperature for several hours.

The plan adopted for determining the freezing-point of different sam-

ples of oil at one operation consisted in making a series of small open-

ings, or windows, closed with glass, in the side of a cylindrical wooden
tub about 2.^ feet in diameter. Concentric within this tub was placed

another cylindrical vessel, of smaller diameter, of zinc, tilled with a

freezing-mixture of salt and pounded ice. A series of small beaker-

glasses, filled with the sev^eral samples of oil, were placed opposite the

windows in the space between the two cylinders, each containing a ther-

mometer which could be read through the window. The whole was

then inclosed by a tightly-fitting cover, through which projected the

handle of a crank by which the freezing-mixture could be stirred. The
samples of the oil subjected to this cold-air bath gradually pass through

the several stages of a diminution in limpidity and clearness to opacity

and solidity, the time of each being noted.

The most reliable test is that of actual burning in a lamj) of the fifth

order, and the measurement of the photometrical power. The objection

to the application of this test to the oil of every barrelis the large quan-

tity of oil required and the amount of labor involved in the proper exe-

cution of the process. Thus, in testing 00,000 gallons contained in casks

of forty gallons each, at least 500 gallons would be required. It is

therefore evident that this test can only be applied to samples selected

from a given lot, while the single barrels are jiroved to be of a similar

character by the more simple tests.

Another method of insuring that all the casks of a given lot contain

oil of the same quality, consists in taking a small equal portion from

each of several casks and mingling them together ; the quality of the

compound being ascertained by the application of burning or the other

tests.

The determination of the photometrical power is, in the present state

of science, unless precaution is observed, a x)roblem of some uncertainty.

The difficulty is of two kinds, the first to find a photometer which shall

give the ratio of the two lights, and, second, to find an invariable stand-

ard to which oil of the proper quality ma^^ always be referred. These

difficulties, I think, can be sufficiently overcome for the practical pur-

l)Oses of the Light-House Board. The greater difficulty is that of ob-

taining a standard of reference. For this a sample of lard-oil manu-
factured by Mr. Alden, of Boston, was at first employed, but this, itself,

was found to be variable, and hence we were obliged to adopt some
other standard. The one which has been finally adopted is English

sperm cand les, which burn with considerable uniformity at the rate of

120 grains per hour, or two grains ]»er minute.

In regard to the investigation, the experiments were carried on under
many difficulties. They were made at first in the engineer's office of the



INVESTIGATIONS RELATIVE TO ILLUMINATING MATERIALS. 489

second light-house district in Boston, with such ap]>liances as couhl be

procured at the moment, with tlie assistance of Mr. William Goodwin,

the acting lighthouse engineer, who took much interest in the subject

and rendered efficient service.

In the erection of a new lamp-shop at the iStaten Island depot, care

was taken to make provision for a dark room in which the ])hotometri-

cal examinations could be made with more precision than had been ob-

tained in the temporary apartments previously used. This room extends

the whole length of the building, is about 80 feet long by 12 wide; the

windows are closed by iron shutters to exclude the light; and the walls,

floor, and all other parts are painted black, after being sanded to remove

any glare which might exist.

In the first experiments on lard-oil the photometrical process employed

was that of Rumford, which consists in ascertaining the relative intensity

of two lights from their distances from a screen on which shadows of

equal darkness are thrown by an intermediate body. In this case the

relative intensities sought are indicated by the square of the distances

in inches and parts of inches of each light from the screen on which the

shadowy are cast. But this method, which is used by the French man-

ufacturers of apparatus, and is very simple in theory, does not admit of

much accuracy.

The arrangement, therefore, known as Bunsen's photometer, was in-

troduced in its stead, and this, with some peculiar moditications, leaves

nothing to be desired. This arrangement consists in jdacing two lights

at the extremity of a scale so divided into distances that the relative

intensity of the two flames may be immediately read off in terms of

candle power when a small intermediate movable screen is equally illu-

minated on both sides. This screen is usually formed of a ])iece of white

pasteboard of about four inches square, fixed perpendicularly at right

angles to the length of the scale, in a sliding frame, by which it can be

brought nearer to or farther from one of the lights. In the center of

this square is a circular hole of about half an inch in diameter, which

is closed by a piece of thin paper, rendered transhujent by a solution of

spermaceti in oil of turpentine. This forms a spot which is darker than

the other parts of the white screen, and is equally dark on both sur-

faces when the screen is receiving an equal quantity of light froui each

flame; the screen is moved backward and forward until this eflect is

produced, and the index will then point on the graduated scale to the

number of the relative power of one of the lights in the terms of the

other.

The screen may also be made of thin paper, the whole of which is

rendered translucent except a round spot in the center, of half an inch

in diameter. If a light is placed before the s(jreen on one side, the

whoh; of the greased part will appear dark, on account of part of the

light going through the translucent portion. If, now, another light be

placed on the opposite side, an equal portion will be transmitted through

the ])eHucid part, and the two surfaces will appear of like intensity when
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the two lights are equal, or when from their respective distances they

throw equal amounts of light on the two faces of the screen.

In order that both sides may be seen at the same moment without

moving the head on one edge of the screen, two mirrors, making with

each other an angle of 90°, are placed so that the screen itself will

bisect the angle.

For dividing the scale into parts related to each other as the square

of their distances from a center, the following formula and table will

furnish the means. Let a be the length of the scale, and x the distance

from the candle end to the movable screen; then a—x is the distance

between the lamp end and the end of the screen. Denote the degree of

illumiuiuation on the candle and lamp sides of the screen by L and L'

respectively. Let the intensity of the candle end equal one candle,

while that of the lamj) is n candles. Then, since the illumination of the

screen varies directly as the iutensity and inversely as the square of the

distance, we have the following proportion

:

L:L'
1 n

{a—xfi

a7= l+^/,

its form into x=^a

and when L=L' we have {a—xf =wa^ whence

For convenience of using this formula it is best to change

n-1
The following table has been computed by calling the length of the

scale 100 and assigning successive integral values to n, from 1 to 100

The column A shows the value of x for each assumed value of w:

Number
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The standard adopted with which to comi^are all other lights is, as

we have said, that of the London sperm candle, which, under ordinary

conditions, burns 120 grains of si)enn per hour. If it burns more or

less than this amount during the trial, a correction of a proi)ortional

amount is made in the results.

This standard however is too small for determining the power of

large lamps, and for this purpose an intermediate standard is provision-

ally adopted. For exami^le, in determining the power of a lan)p of the

first order, the power of a lamp of the fourth order is first obtained, and

this is used as a comparison with the larger lamp.

In tlie case of the arrangement at the Staten Island depot, for photo-

metrical measurements, three scales are emjiloyed, diverging from a

center at w4iich the lami> to be measured is temporarily placed; at the

farther end of each scale is placed a sperm candle, to serve as the stand-

ard of comparison. These scales are of different lengths, one being

100 inches in length, another 150 inches, and the third 200 inches; be-

sides these, one of the scales is occasionally replaced by one of 700

inches in length, which is put up in sections.

As the semi-diameter of the burner of the lamp and that of the can-

dle must be included in the length of the scale, a portion of the latter

at each end is cut oft". In adjusting the scales, therefore, to their ])laces,

the measurement must be taken from the nnddle of each scale; thus, in

the case of the one of 200 inches in length, the middle of it must be just

100 inches from the center of the lamp on one side, and 100 inches from

the center of the candle on the other. In making the examination, three

observers simultaneously, one at each scale, take the photometric read-

ings, and the mean of the three results is adopted as the candle-power

of the light under examination.

In the examination of oil previous to purchase, as we have said be-

fore, a lamp of the fifth order is charged with the oil in question, and

when in a state of equilibrium of combustion it is subjected to the trial.

For greater precision ten readings are taken on one side of the scale,

and then the photometer is reversed and as many taken from the oppo-

site side. In this way the mean of sixty readings, twenty on each

scale, furnishes the data on which the character of the oil principally

rests. As a means of simultaneously weighing the candles for checking

the effects of their irregular burning, three balances are provided, each

of which bears one of the candles in a socket supported by a metallic

link, through which the scale-beam passes and is attached to the hook

of the scale-pan below\

On the opposite scale-pan a series of grain weights are placed, which

can be taken oft" without disturbing the equilibrium of the scale, by a

pair of pincers ; the interval of time during which a given grain weight

is burned is marked by a watch. If the interval is equal to two grains

for each minute, the candle is burning at its normal rate; if not, a cor-
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rection is made by simple proportion, which is applied to the measure-

ment previously obtained.

The lamps containing- the oil for trial are lighted and trimmed in an
adjoinmg- apartment. They are introduced into the dark room through

a window closed with a sliding shutter. In order to prevent an over-

flow of oil at the burner by the oscillation of the liquid in the reservoir

by the agitation of transfer, each lamp is placed on a small carriage

moving- on a railway, which, passing through the window, enables the

lamp to be placed in its position with rapidity, and without the slight-

est disturbance of the equilibrium of the oil.

The temperature of the room is also noted, and, as far as possible, it

is kept at a heat of not far from 70°. For this purpose, during- warm
weather the inspection may be made at night.

For reading the divisions on the scales in the dark room, a mirror is

employed to throw the light of the lamp under inspection on the grad-

uation.

To exclude all extraneous light, the three candles and the lamp to be
tested are each surrounded by a cylindrical sheet-iron screen, painted

black, through which a hole a little larger than the flame allows the light

to pass along the scale to the photometer. The trial-lamps are those of

the fifth order. Each, after it has been lighted, is allowed to burn an
hour before being submitted to the photometrical measurement. Tf it

gives a power less than 8 caudles, the oil is rejected. If it passes that

test, it is then allowed to burn undisturbed without being trimmed for

8 or hours longer, aud if it is fouud at the end of that time to exhibit

no diminution in the brilliancy of the light it is considered worthy ot

adoption, especially if after this it continues to burn 4 or 5 hours with

no perceptible diminution which can be detected with the naked eye.

Tlie best lard-oil will burn 16 hours without trimming.

Each candle before the measurement commences is suft'ered to burn
until it has assumed a perfect and uniform rate of consumiction 5 it

should be prevented from guttering by removing a portion of the melted
spermaceti which may accumulate in the cup at the top of the candle

beyond the power of the feeble incipient flame to consume, by absorb-

ing it by one end of a strand of candle-wick cautiously introduced. If

any portion of the spermaceti is suffered to run down the side of the

candle and drop off below, the correction for variation in burning- will

be worthless.

All materials for the use of the Light-House Establishment are pur-

chased by contract in accordance with published specifications as re-

gards quality aud certain conditions. The award is given to the lowest

bidder, provided he can offer trustworthy surety as to his ability to

fulfill the contract. Preference is however given Avhen bids are equal,

or nearly so, to the bidder who is a manufacturer of the oil and not a

mere vender of the article. During- the inspection permission is granted

to the contractor to be present at the operation, in order that he may
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be assured that full justice is doue him iu the examination. xVfter see-

ing- the iirecision with which the photometric and other processes are

conducted, he is generally fully satisfied as to the results obtained, even
though his oil may have been rejected.

The oil is delivered in iron-bound casks, varying^ from 38 to 50 gal-

lons. These are placed, previous to insi)ection, under a shed and ar-

ranged iu different lots, each containing- oil of the same quality. From
different casks samples are taken in tin canisters of a capacity of about

half a gallon
;
each canister being marked with the number of the lot

and the cask from which the oil was taken. Before the sample is drawn
from the cask the oil within is thoroughly mixed by rolling the cask, or

by stirring. The object of this is to obtain in the sample an average

amount of solid matter which may be contained in the oil.

The purest lard-oil is that which is manufactured by submitting the

solid leaf lard to great pressure during- the coldest period of winter.

Oil of this quality is used for burning iu small mechanical lamps; it

gives a bright llame and does not incrust the wick. The light house

lamps however being of a much larger size and evolving a much
greater amount of heat, can consume oil of a coarser character; and
indeed it has been found that oil containing a certain amount of solid

matter, provided the latter is not too much in quantity to be consumed

by the lamp, gives a higher illuminating power. On this account, be-

fore this fact was generally known in the trade, complaints were made
of the Light-House Board giving the preference to oil which, in the

market, would not be considered of the first quality.

The quantity of oil is estimated by weight, allowing 7.6 pounds per

gallon. It is weighed in gross and afterward emptied into large tanks

in an underground vault. The empty barrels are next weighed ; the

weight of these deducted gives the net weight of the oil.

Previous to the establishment of the general lighthouse depot at

Staten Island, from which all the supplies are now distributed, and the

lamps and other lighthouse appliances are prepared for immediate use,

the oil was received at various ports along the coast, iu accordance

with terms of the contract, and was stored until wanted for use, in cel-

lars hired for that purpose.

The Board however after the introduction of lard-oil, constructed

a spacious underground receptacle capable of containing 50,000 gallons

of oil, and retaining it during the whole year at a temperature not to

exceed 65° Fahrenheit.

The underground vault contains five tanks, each of the capacity of

• ten thousand gallons. On each tank is a register, consisting of a glass

tube so divided as to give the contents in hundreds of gallons. The oil

is delivered in three installments : The first on the 1st of May, the sec-

ond on the 10th of June, and the third on the 22d of July. The vault

and tanks were constructed under the direction of General Poe while

engineer secretary of the board, who also took a lively interest in tbe



494 INVESTIGATIONS EELATIVE TO ILLUMINATING MATERIALS.

introduction of lard-oil and in the preliminary experiments for deter-

mining its quality.

A photometer room was afterward fitted up in the Smithsonian Insti-

tution, in which several series of investigations were made in regard to

the illuminating power of different oils. At the same time a series of

experiments was undertaken relative to their chemical characters and

conditions ; in which experiments the chairman was assisted by Prof.

C. M. Wetherill, whose untimely loss the science of this countr3^ has

been called to mourn. Among the investigations in the laboratory are

the following, relative to the expansions of different oils, intended to

facilitate the purchase, the measurements being made at different tern,

peratures. To obviate the necessity of the correction for temperature,

the oil is now purchased by weight. The following results may how-

ever be of value in the application of different oils to light-house pur-

poses:

EXPERIMENTS UPON LIGHT-HOUSE OILS,

[Density and volume of oils (and water) at difterent temperatures.]

PhoT
a s
ID ^
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ORGANIC ANALYSES OF LIGHT-HOUSE OILS.

No. 1.

—

Refined winter-pressed lard-oil.
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Third experiment.— Winter-pressed lard-oil.

Temi)eratnre before mixiug - 70° F.

Temperature after mixing 165'^

Difference 95°

Fourth experiment.—Crude lard-oil.

Temperature before mixing 6C° F.

Temi^erature after mixing 164°

Difference... 98°

REFRIGERATION OF THE OILS.

Tliose experimented upon were whale, sperm, refined lard, and crude

lard.

First experiment.

At 30°.2 F. they were all sirupy ; in the crude lard-oil a yellowish

solid began to separate.

At 2G°.6 the sperm-oil began to solidify.

At 24°.8 the refined lard began to yield a white precipitate.

At 17°.G the whale-oil was a thick sirui), without deposit. The crude

lard-oil was quite hard. The pure lard-oil was not as hard as the crude

lard-oil. The sperm-oil was not as hard as the pure lard-oil. These ex-

periments performed in test tubes.

Second experiment.

Upon pure winter-pressed lard-oil, in a test tube.

At 170.0 F., begins to deposit flakes of solid matter.

At 14° is quite thick.

At 10°.4 it is perfectly solid.

If, now, the temperature rises, a small portion of the oil remains solid

until the temperature reaches 44°.6.

Third experiment.

The oils were placed in large cylinders and exposed to a temperature

of 24° 8 F., with the following results

:

1. Crude lard-oil, much sediment.

2. Sperm-oil, ditto.

3 Pure refined lard-oil, a little sediment.

4. Winter-strained lard-oil, very little sediment.

5. Whale-oil, no sediment.

In the use of sperm-oil, it was found that the purer it could be ob-

tained the better, and hence it was the custom to strain the oil through
clean white sand previous to using it, and also the drippings. In the

case of lard however, it was found that removing all the solid matter

diminished its photometric power.
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All fatty oils absorb oxygeu, which unites with them to form oxides

of their combustible ingredients; oil therefore freely exposed to the air,

must in time gradually diminish in its power of combustion. It should

not, therefore, be open to the atmosphere when the oil is to be stored,

but covered with a thin wooden jilane, which floats upon the surface of

the oil, and thus in a great measure excludes the air. The freezing of

lard-oil does not appear to affect its quality.

Considerable difficulty was experienced in the introduction of lard-

oil, on account of the objection to it on the part of the keepers ; in some

cases from the want of experience in using it, and in others from the in-

terference of venders of sperm-oil. This difficulty however was obvi-

ated by a resolution of the board, by which any keeper that declared

his inability to burn lard-oil should be requested to resign, since it had

been abundantly proved that this oil, with proper management, could

be made favorably to compete with sperm. Its introduction was a mat-

ter of great importance in an economical point of view, it saved the gov-

ernment $100,000 annually for several years.

Another important step in the introduction of lard-oil was that of fur-

nishing a lamp which would burn it with the greatest perfection. This

was due to the invention of Mr. Joseph Funck, foreman of the lamp-

shop. As we have said, in order to burn lard-oil it is necessary it

should be kept at a high temperature, and for this purpose the heat of

the draught of the lamp was i^assed through the center of the reservoir.

Previous to the change in the illuminating material there had been

used in the Light-House Establishment three classes of lamps, viz, the

mechanical lamp for the first, second, and third orders, and the moder-

ator and fountain lamps for the fourth, fifth, and sixth orders.

In the mechanical lamp the oil was placed in a reservoir below the

burner, and pumped up by means of clock-work. This apparatus is of a

complicated character, and is subject to derangement. The valves must

be renewed from time to time, and the clock-work cleaned. The proper

performance of these operations is beyond the skill of an ordinary keeper,

and requires the frequent aid of a trained lampist.

The moderator lamp is less complicated, and was invented to obviate

the difficulties just mentioned. In this the oil is elevated by the descent

of a heavy piston, and forced up through a small conical hole, the flow

being regulated by the conical end of a wire, which is gradually with

drawn as the weight descends, so as to give a less-obstructed flow as

the hydrostatic pressure of the oil increases. From this arrangement

it takes its name of moderator lamp. This apparatus however is liable

to irregularity on account of derangement of the supplying apparatus,

the varying friction of the packing of the piston, as w^ell as the change

in the flow of the quantity of oil, owing to its less liquidity due to a dimi-

nution in temperature.

The reservoir of the fountain-lamp consists in an air-tight vessel,

usually cylindrical, from the bottom of which descends a tube, terminat

S. Mis. 31 32
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ing at the open end in a small cup, from which the burner is directly

supplied with oil on the well-known principle of the bird fountain, this

vessel being filled with oil by inverting it and pouring in the liquid

through the open end of the tube. It is then reinverted and the end of

the tube inserted in the small cup below the level of the oil which it

contains. The oil in the reservoir in this condition is supported by the

pressure of the atmosphere on the surface of the oil in the cup. When
this surface is lowered by burning, the end of the tube is opened, and

a bubble of air passes up and an equal bulk of oil descends, and in this

way a nearly constant level of oil is maintained. I say nearly constant

because the air which goes up is of some volume and in the act of pass-

ing up produces an oscillation which, in some degree, affects the stead-

iness of the burning of the flame.

There is however a greater defect in this lamp from the oscillations in

the level when the reservoir has been exhausted of a considerable por-

tion of its charge of oil. In this case the arrangement is one similar to

an air thermometer with a large bulb, and is affected by a sudden draught

produced by the opening and shutting of a door or the ordinary ventila-

tion of the lantern. This Avas partly remedied by bending the tube, and

thereby increasing the resistance to a sudden change in the level of the

oil.

The improvement of .Mr. Funck consisted in substituting for these

lamps one of constant level, in which the oil is placed above the burner,

and the flow of oil necessary for perfect combustion is regulated by a

small floating piston, placed in an enlarged portion of the supply-tube,

and carrying on its ujjper surface a conical projection which increases

or diminishes the size of the supplying orifice in accordance with the

rajjidity of combustion. This lamp is not only free from the objections

pertaining to the other lamps, but is less expensive and better adapted

to the burning of lard-oil. It affords a freer combustion, and conse-

quently a more intense light, though at the cost of a larger amount of

the burning material.

In this lamp the heated air and products of combustion i)ass through

a cylindrical opening in the reservoir, which is placed directly above

the lamj), the opening in it forming as it were a prolongation of the

chimney, thus not onl}' i)reventing the oil from freezing in the coldest

weather, but supplying it to the burner at the temperature best adapted

for perfect combustion.

In regard to the comparative character of lard and colza oil, we may
be allowed to print the following letter from Colonel Hamilton, the man-

ufacturer of the latter oil, who was present at the trial to which he

alludes

:

Fond du Lac, Wis., May 16, 1868.

Dear Coivoiodore : I must confess my great disappointment at

the result of the experiments at Staten Island. It is however not reaUy

so much the failure of rape-seed oil, as the undeniable excellence of lard-
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oil as a burner. I fully believe that our rape-seed oil of this year is as

good as any that was ever made in Europe, and I know it is far better

than any we have ever before made. I am satisfied now that, for self-

heating lamps, there is no oil that will bear comparison with lard, but 1

am equally satisfied that no colza oil will yield a better result than ours,

under exactly the same tests. We have but one more experiment to

make with colza ; it is its extraction by chemical displacement. If this

fails, we shall abandon the whole business.

If all things are put together, I think the following statement will

be allowed, to wit : Our colza oil is equal to any foreign colza. It is better

than any wehave heretofore made. It is betterthan sperm or any other

burner, excepting only lard-oil. Our failure then is owing to the supe-

rior excellence of lard-oil, which, under the persistent investigation of

the board, has been shown to be the best and cheapest safe illuminator

available.

The board are entitled to great credit in producing this result. It

will be remembered that but a few years since lard-oil was pronounced

unsuitable for light-house purposes, but the perseverence of the board

has brought out the fact that it is much the best and cheapest oil, and

that the expenses of lighting the coast and harbors have been thereby

greatly reduced. Surely the country at large should acknowledge this,

and give due credit to the board. We have endeavored to do with colza

what the board have effected with lard-oil, and we have been unsuccess-

ful both for ourselves and the lighthouse interest. The undertaking

has been no source of profit to us, and had the capital and time tbat

have been devoted to colza been used in our other branch of manufac-

ture (linseed oil), it would at least have reimbursed us with a fair re-

munerative return. As regards the oil we have offered, we have hoped

the board would take it. I do not think we can improve upon the qual-

ity, and it is the last we shall venture to offer to the acceptance of the

board, for we shall henceforth abandon the manufacture, except for local

wants.

We are grateful to each member of the board for the interest they

have always shown in our undertaking, and for their uniform kindness

and courtesy. Accept, my dear commodore, for yourself and your asso-

ciates in the board, my warmest thanks for your many kind expressions

of interest, and believe me, truly and gratefully, yours,

0. S. Hamilton.

Com. A. A. Harwood, TJ. S. N.,

Secretary Light-Rouse Board, Washington, D. G.

From the date of the introduction of lard-oil in 1865, '66, and '67, until

the end of 1873, when the attention of the board was again directed to

the study of mineral oil, continual improvements were made in the pro-

cesses of its preservation and inspection, and also in the lamps and

other appliances for its employment, and nothing further as a light-house
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illuminant was required. It is therefore with regret that we are urged,

on account of the iucreased price of the article, due in some degree to

the reputation as a burning material given it by the board itself, to sub-

stitute for it a less reliable but a much more economical material.

At the time lard-oil was introduced a series of experiments was made
on the comparative value of the different petroleum oils used in this

country. They were however all considered too dangerous to be in-

trusted to the ordinary keepers of the light-stations of our coast. Since

the date however of these investigations, improvements have been made
in the manufacture of these oils, by which a much greater range has been

obtained in the temperature at which they give off an explosive vapor.

During the last two years, therefore, a new series of investigations has

been made relative to these illuminating agents, of which we propose in

the succeding pages to give a brief account.

The crude petroleums of the Pennsylvania oil region are of a greenish

or yellowish appearance, and have a specific gravity of 45° to 49°

Beaume, at a temperature of 60° Fahrenheit. Some are so volatile as

to evaporate rapidly at the ordinary temperature of the air, rendering it

dangerous to approach an open cask of crude petroleum with a flame

;

others are much less volatile, requiring a temperature of from 200° to

300° F. to vaporize them. The volatility of the hydro-carbons is inti-

mately connected with their specific gravity. They become heavier as

the volatile ingredients are driven off by heat. The inflammability of

the oils is also connected with their volatility and the specific gravity.

The light volatile oils ignite, as we have said, on the approach of a burn-

ing match at ordinary temperatures, while the heavier require a higher

temperature for ignition. The process of manufacturing these oils con-

sists in separating them from each other as they occur in the crude oil

of the springs by what is called fractional distillation ; for this purj)ose

the crude oil is placed in an iron still provided with a worm of the same

metal submerged in a tank of water for cooling it ; the still is then grad-

ually heated ; the first product that passes over is gaseous at ordinary

temperatures, and can only be condensed into a liquid form by cooling

the worm with ice, or by compressing the gas with an air-pump into a

strong receiver. After all the vapor is given off at the temperature, say

at 90° F., the temperature of the liquid in the still is raised, a liquid is

produced which exhales in vapor at a higher temperature and is of

greater density—and so on, a series of liquids are produced, each of

which requires to be heated to a higher degree before taking fire on the

apijroach of a lighted match—these more volatile vapors are heavier

than atmospheric air, and when suffered to escape from the cask con-

taining them in a separate state will flow along the surface of the floor

of a room, and reaching a distant fire-place will ignite, and burning-

backward to the reservoir will set fire to the oil from which they ema-

nated.

Many serious accidents have occurred in this way, by the firing of a



INVESTIGATIONS RELATIVE TO ILLUMINATING MATERIALS. 501

canister containing petroleum oil which has been left open, although at

a distance in some cases of from 20 to 30 feet from a lighted fire. An-
other source of danger from the lighted oils from which the more volatile

vapors arise results from the fact that these vapors when mixed with a

certain portion of atmospheric air explode on the approach of a flame

with extreme violence. When the proportions of vapor and air are

equal no explosion takes place ; but when they are in the ratio of 10

parts of the vapor in volume to 100 parts of air the explosion is most
violent ; when the quantity of air or of petroleum vapor is increased or

diminished the explosion is less violent until one or other becomes ex-

cessive, when the vai)or kindles without explosion, as is the case with

ordinary street gas when issuing from the burner.

A notable case of the explosive quality of a mixture of petroleum

vapor and airoccured in connection with the light-house service iu 1864,

on Lake Michigan. The keeper in one of the light houses of this dis-

trict substituted on his owu responsibility an ordinary kerosene lami^ of

tinned iron, for the usual lard-oil lamp. This gave a good light and re-

quired no trimming during the night ; it burned well for several nights,

and the keeper congratulated himself on the success of what he consid-

ered a very important exj)eriment. Unfortunately however on the last

morning that the lamp was used, he attempted to i>ut it out in the usual

way by blowing the air from his lungs down the chimney, when an ex-

plosion took i)iace, which scattered the oil in a burning state over the

deck of the tower and also on his clothes ,• in his fright he ran down
the stairs of the tower, and had scarcely reached the ground when a

violent explosion was heard above, which blew off the whole lantern

and broke the lenticular apparatus.

The explanation of these two exjilosions is not difficult. The burning

of the oil during the night left a space void of the liquid in the reser-

voir of the lamp, which was filled with air and vapor, which happened

on this occasion to be near the explosive proportions ; on blowing air

down the chimney it mingled with the vapor furnishing the quantity

necessary for the violent combination, and consequently the explosion

occurred which broke the lami). The second explosion was caused by

the ascent of the vapor from the burning oil on the deck, and took place

when the quantity exhaled amounted to a tenth part of the volume of

air j)resent. The two then suddenly rushed into combination, i)roducing

the effects that we have mentioned.

Under favorable circumstances this lamp lighted with kerosene might

tiave burned silently for several weeks, but in accordance with the doc-

trine of chances, time enough being given, an exj^losion was inevitable.

Facts of this kind in connection with the difficulty experienced in burn-

ing mineral oil in lighthouse lamps induced the Light-House Board to

adopt lard-oil.

Various experiments have however been made from time to time by

the Light-House Board with a view to the introduction of petroleum as



502 INVESTIGATIONS RELATIVE TO ILLUMINATING MATERIALS.

an illumiDating" material, as soon as oil could be obtained in this country

of a suitable character, lard-oil having advanced in f>rice to such a de-

gree as to render this change desirable in an economical point of view.

In the mean time experiments had also been made in France and
England for the purpose of introducing mineral oil as a light-house illu-

minant, but it was not until 1873 or 1874 that the result was entirely

satisfactory.

The process of manufacturing the oil has been very much improved
in this country of late years, and there are now several comi^anies which
profess to i^roduce oil entirely safe, and otherwise suitable for light-

house purposes. In view of further experiments with mineral oil, an
advertisement was inserted in the papers, in 1874, requesting man-
ufacturers to send samples of their oils to be tested at the Light-House

depot at Staten Island, and in accordance with this a number of speci-

mens were received and submitted to examination.

The first test to which the oils thus furnished were submitted was
that of flashing, that is, the determination of the temperature at which
the oil gives oft' a vaj)or which will flash into a flame on the approach of

a small taj)er, or, in other words, which indicates the rise of a vapor

which, mixed with atmospheric air, will tend to produce an explosion.

The flashing temperature dift'ers however from that at which the liquid

takes fire as a whole. This will be understood if we suppose that two

liquids have been mixed together, a light and a heavy one ; the flash in

this case will be due to the vapor from the lighter mixture, while the

burning is due to the temj)erature at which the compound is fired. To
make this flashing test requires considerable precautions. First, the oil

to be tried is gradually heated by a spirit-lamp in a water-bath, a sensi-

tive thermometer being suspended in the oil with the bulb slightly be-

low the surface, the heat of the water is very slowly increased by re-

moving from time to time the spirit-lamp from under the basin of the

water-bath which contains the oil, and the point of flashing is obtained

by passing over the surface of the oil a small flame until the first indi-

cation of flash is observed. The flame should not be so large as to heat

the surface, and is best produced by a very small jet of gas from a glass

tube drawn nearly to a point and connected with the gas pipe of the

house by a tube of India-rubber, the quantity of gas being regulated by
a stop-cock, so that the flame is a mere pencil of light about a quarter

of an inch in length and a twentieth in diameter. The basin which

contains the oil is about four inches in diameter, and is sometimes cov-

ered with a plate of thin glass, the thermometer j)assing through an ap-

erture in this cover, and a larger hole being left open in the same for

inserting the pencil of the flame. The basin containing the oil is some-

times left entirely open, the cover being discarded, but we do not think

this as safe a method as the other. Great caution must be taken in

raising the temperature very gradually, so that every i)art of the liquid

may have the same heat and the thermometer thus truly indicate the tem-
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perature. If the rise, of the temperature be very sudden, the thermom-
eter will uot respond, and the real Hashing temperature will be higher

than that which is indicated.

The next test is that of firing of the mass of the liquid, which is some-

times 10 or 12 degrees higher than that of the flashing temperature, but
generally the two are very near each other.

The next test is the determination of the specific gravity. This was
obtained by weighing, in a glass flask with a narrow neck, an equal

quantity of distilled water and of the oil in question; the ratio of the

two, reduced to water as unity, gave the specific gravity required. To
facilitate the operation, a flask, containing just 1,000 grains of distilled

water, was balanced by a permanent weight. The scales were tested

by double weighing. The first series of weighing was made at the tem-

perature of 74P F., that of the apartment in which the experiment was
conducted; but oil and other substances change their bulk, and conse-

quently their specific gravity, with a change of temperature. It is

therefore necessary, in order that results may be comjjared, that the

experiments be all made at the same temperature, or reduced to a stan-

dard temperature. The temperature formerly adopted in England for

specific gravity is 62° F.; but in the case of petroleum, the temperature

of 60° has been adopted in this country and England. In the first series

of experiments made with the oils in question, the weighing was con-

ducted at a temperature of 74"^, as we have said, namely, that of the

atmosphere at the time. A series of experiments at a lower temper-

ature was afterward made, in order to obtain a correction b^' which to

reduce the specific gravity first obtained to that of a temperature of 00°;

but as each oil exhibits a different rate of expansion by heat, the process

became very laborious. Experiments were therefore made to determine

the correctness of obtaining the specific gravity of the oils by means of

a hydrometer. This was found to differ from that obtained by weigh-

ing within one per cent., and was therefore concluded to be sufiiciently

accurate for j)ractical purposes.

To obtain the specific gravity of the oils by means of a hydrometer,

a vessel containing, say, 10 gallons of water, of a depth of about 14

inches, is provided ;
into this are introduced several glass cylinders con-

taining the oil, and into these cylinders the hydrometers are plunged,

the level of the oil being so far above the water that the under contact

of the surface of the liquid with the scale may be observed. Before

inserting the glass cylinders containing the oils into this water-bath,

the liquid is brought, by mixing ice-water with it, to the temperature of

60O, at which temperature it may be kept for a long time, on account of

the large quantity of the liquid and the great specific heat of the water.

A change of temperature may be prevented by occasionally adding a

small quantity of ice-cold water, care being taken to mingle the mixture

by stirring. By this process may be obtained the specific gravity at 00°

of a large number of samples in a comparatively short time. In this



504 INVESTIGATIONS RELATIVE TO ILLUMINATING MATERIALS.

country and England the density or relative weight of petroleum oils is

generally expressed in terms of the arbitrary scale of Beaume's, instead

of that of the specific gravity. The following table gives the equiva-

lent of the Beaume scale in terms of specific gravity:

Beaume's hydrometer for liquids lighter than water.

Degrees,
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vacuum through the whole length of the column, and thus to gather np
any particles of air that might adhere to the side of the tube; this left

a space, when the inverted tube was held vertically, of about three

inches of the open end of the tube unfilled with mercury; this being
refilled, the finger applied to the open end and the tube again replaced

with the open end downward in the basin, the v^acuum produced by this

process was nearly as perfect as if the mercury had been boiled in the

tube, or the latter filled with the metal in a vacuum. Al'ter this, a small

quantity of oil to be tested was drawn into a small glass syringe, the

curved point of which being introduced beneath the open mouth of the

tube under the surface of the mercury, a small quantity of the liquid was
injected into the column; this rapidly rose by its levity to the top, and
there a portion of it flashed into vapor, as was evident by the depres-

sion of the mercurial column.

From this experiment it is evident that kerosene, even of a high flash-

ing temperature, does give off vapor at ordinary temperature. It is

however of so feeble tension that it does not appear capable of produc-

ing explosion unless considerable time be allowed for its accumulation.

It might not be apparent that although vapor was given off in a vac-

uum, as in this case, it would be given ofl' under the full, pressure of

the atmosphere ; but it has been shown by the experiments of Mr. Dal-

ton and others, that vapors diffuse themselves in a space filled with

atmospheric air with the same elasticity and quantity as in a vacuum,

time only being required to produce the effect in the atmosphere.

The oils were also examined as to the remains of any free acid which

they might contain, by simply immersing in each sample a slip of litmus

paper, which was suffered to remain in the liquid for 24 hours; under

this test several of the samples exhibited a redness, denoting the pres-

ence of an acid which might corrode the metal of the lamps, also indi-

cating the want of a thorough washing of the oil by an alkaline water.

Another experiment, which was exhibited to us by one of the proprie-

tors of the oil which has a flashing test of about 140° F., consisted in

lighting a lamp-wick charged with the oil and plunging it into a vessel

filled with the same. The oil did not take fire, although the combustion

of the wick was vigorous, and, indeed, the flame was put out when the

wick was plunged beneath the surface of the oil. This experiment,

which is frequently exhibited to the public, tends to give a sense of

safety in the use of mineral oil which is at least in some degree falla-

cious. To illustrate this, the following experiments were made: First a

slip of cotton cloth, about 6 inches wide and 2 feet long, was saturated

witli oil having a flashing test of 140°, and suspended vertically from a

ring-stand; a lighted match was then applied to the middle of the length

of the slip, when it instantly took fire, and burned with a fierceness

which was truly appalling.

After this two iiieces of cloth, one of cotton and the other of woolen,

were saturated with petroleum and placed flat on two pieces of tinned
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iron to protect the floor. On each of these was then dropped an ordi-

nary friction match in a state of ignition. They both broke instantly

into flames, which soon entirely consumed the cloth, although but little

air could obtain access to its under side, and notwithstanding the good
conducting power of the tinned iron.

In a similar experiment made with the same cloth saturated with

lard-oil the cloth did not take fire when a lighted match was dropped
upon it. Two cotton cloths the same size were saturated, one with lard-

oil, the other with petroleum, and lighted at the same time. The petro-

leum cloth was consumed in 1 minute 23 seconds; the lard cloth in 5

minutes.

To render these experiments more strikingly applicable to cases of

accident which might occur in a light-house, a i)iece of cotton cloth

about 2 feet square, which had been used to wipe the table on which

kerosene had been spilled, was crumpled up into the condition of an
ordinary dish-cloth and thrown into a corner of the room. When a

lighted match was dropped on this it instantly took fire and burned
with a fierceness truly alarming.

These experiments are important in establishing the fact that oils

which are commonly sold as entirely free from danger are not really so.

They may be safe from explosions at ordinary temi^eratures, and in this

respect are to be preferred to the lighter oils ; but when spread over a

large surface they burn with greater intensity, even, as we have seen,

on a surface of ice. Indeed, the results are so striking it might be well

to repeat them in the presence of every light-house keeper, in order to

impress him with an idea of the danger which might be apprehended in

spilling the oil over his clothes or in carelessly dropping his matches on

cloths which had been used in cleaning the apparatus.

Among the peculiar properties of mineral oil is its great surface-

attraction or power of adhering and spreading on other surfaces, as well

as ascending wicks to a much greater altitude than other oils. This

property is recognized by the housekeeper who finds the exterior of the

lamp covered with a film of oil shortly after it has been subjected to a

thorough cleansing. It rises along the interior surface of the lamp and
spreads over the outside. On account of this property it can be freely

burned in lamj^s of which the fountain is at a considerable distance

below the flame, and in which no overflow is required to produce a bril-

liant combustion.

A series of exj)eriments was next made with regard to the burning

qualities of mineral oils of difl'erent densities, from which it was inferred

that the lighter oils in lamps of the fourth order gave a greater amount
of illumination than the heavier oils, and, furthermore, that the latter

charge the wick more than the former, from which it would appear that,

in using mineral oil, while safety should be the prominent consideration

on the one hand, in the choice of the material, regard must be had on

the other to the illuminating power.

In regard to the relative photometric power of lamps of the same
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order charged with mineral and with hird oil, all the experiments we
have yet made on this point tend to the conclusion that in smaller lamps
with the more volatile oils a greater photometric power is obtained than
with the same lamp Avhen charged with lard-oil ; but with the larger

lamps the reverse is the case, the lard giving greater power burned in

these lamps than the mineral oil.

An unexpected difficulty arose in the course of the investigations for

the introduction of mineral oils on account of the form of the flame.

While a lamp with a constricted chimney, like that used in the German
student-lamp, gave the greatest photometrical power, it was found that

the shape of the flame did not correspond with the arrangement of the

lens-apparatus, a large portion of the light being thrown upward toward

the sky and another toward the earth. It was only after a series of

trials with chimneys of different forms and button-deflectors that a flame

of the best shape was obtained. To compare these flames in actual use,

they were placed in succession in a lighthouse, with a lens of tlie fourth

order, and the photometrical power determined at different distances,

from a mile to ten miles in extent, by interposing between the eye and

the light a series of thin colored glasses, until the light was totally ex-

tinguished. It was found in these experiments that some of the flames

that had an appearance of greater brilliancy near by failed to produce

comparatively the same effect at a greater distance. Having settled

upon the form of the flame to be used in lamps of the lower onlers, ar-

rangements have been made for the introduction of mineral oils into all

the stations in the third district, at which lights of the fourth and

smaller orders are at present in use. The substitution of mineral for

lard oil however is a matter of no small difficulty, and requires to be

made with great precaution. An entire change in all the lamps is re-

quired ; the several parts of the apparatus which in the case of lard-

oil lamps were united by soft solder must now be joined with spelter.

The importance of this was evinced by an accident which hapi)ened

in the photometric room in the case of a lamp of the fourth order under

trial; the heat unsoldered an air-tube and let down the oil from the res-

ervoir on the flame, which produced so fierce a combustion that it would

have set fire to the building had it not been of fire-proof materials.

The gradual introduction however of mineral oil will be made as

rapidly as experience indicates the best and safest mode of employing

it. It has already been adopted in the smaller lamps for lighting the

Mississippi and its principal tributaries. The substitution however is

not on account of the superior quality of this oil in comparison with

lard, since we think the latter as an illuminating material is inferior to

no other at present in use, but simply on account of the comparative

cost of the two materials.

The comparative cost of the two materials will be definitely ascer-

tained after we have determined the best form of lamps to be used.

Experiments thus far have been principally confined to the lower orders

of lamps.





A. SYNOPSIS

OF THE SCIENTIFIC WRITINGS OF SIR WILLIAM HEUSCHEL.

By Edward S. Holden and Charles S. Hastings.

I.—Introductory Note.

The astronomical life of Sir William Herschel covered forty two
years. During this period he published no less than sixty-nine different

memoirs, which are scattered through the annual volumes of the Philo-

sophical Transactions of the Royal Society of London from 17S0 to 1818.

Two generations have passed since his death, and we have no readier

means of studying his works than in the original volumes of the Trans-

actions, now become rare and costly. Students of astronomy and physics

are thus often compelled to know his writings at secondhand from text-

books, and not in the vigorous and ardent style of the original. The
text-books also frequently quote him incorrectly, and have thus helped

to spread erroneous notions not only of what he said, but of the facts

themselves.

Herschel's long life was all too short, and his assistance was too

small to allow him to put even his published work into a final definite

form. He has once given us a hint of what he desired, and it seems

scarcely less than a duty for his successors to carry out his wishes.

At the end of his memoir of 1811, Herschel added a synopsis of its

contents made paragraph by paragraj^h ; this synopsis (which is given at

pages 87-89 of this work) serves to summarize and to enforce his views,

and to condense his arguments. His style lends itself to this condensa-

tion. The synopsis of 5 pages contains all the material facts of the

main paper of 67 pages, and the course of the argument can be plainly

followed.

In the absence of an edition of Herschel's collected works, a want

whose fulfillment still seems far off', we have thought that we could

hardly render a better service than to carry out for all of his writings

the idea which he executed for only one. The model has been set by

himself. We have simply followed this, and have given a synopsis of

each of his memoirs in the Philosophical Transactions, following his own

plan. The papers on astronomical subjects have been condensed by

Professor Holden; those on physics by Dr. Hastings. The works of

Herschel published elsewhere have not been included in the synopsis,

as they are comparatively unimportant.
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It is not supposed that such synopses as these will replace the origi-

nal memoirs for the professional astronomer and physicist. The works
of a great philosopher to be truly mastered must be studied in the

form in which he gave them. Yet those who are most familiar with the

origiuals will find the present volume most valuable.

The full subject-index will direct attention to special points. It is

hoped that the work in its present form will be of service in various

ways, which do not need suggestion here.

EDWARD S. HOLDER.
CHARLES S. HASTINGS.

Washington, October, 1880.

II.

—

List of the published writings of W^illiam Herschel on
ASTRONOMICAL SUBJECTS.

[in chroxological order.]

[N. B. In general, translations and abstracts of these whicli appeared in periodicals are not noticed

here. We h."«ve made exceptions in the more important cases.]

[Solution of a prize question.]

Ladies' Diary, 1799.

Astronomical observations on the periodical star in CoUo Ceii.

Phil. Trans., 1780, p. 338.

Astronomical observations relating to the mountains of the moon.

Fliil. Trans., 1780, p. 507.

Astronomical observations on the rotation of the planets round their axes, made with

a view to determine whether the earth's diurnal motion is perfectly equable.

Phil. Trans., 1781, p. 115.

Account of a comet. [Dated 13th March, 1781. This was Uranus.^

Phil. Trans., 1781, p. 492.

On the parallax of the fixed stars.

Phil. Trans., 1782, p. 82.

Catalogue of double stars.

Phil. Trans., 1782, p. 112; translation in Bode^s Jahrhuch, 1786, p. 187.

Description of a lamp micrometer and the method of using it.

Phil. Trans., 1782, p. 163.

A paper to obviate some doubts concerning the great magnifying powers used.

Phil. Trans., 1782, p. 173.

A letter from William Herschel, Esq., F. R. S., to Sir Joseph Banks, Bart., P. R. S.

Phil. Trans., 1783, p. 1.

Aus einem Schreiben des Hm. Herschel an mich [Bode], datirt London, den 13ten

August, 1783.

[This is a letter forwarding Herschel's memoir on the Parallax of the Fixed Stars,

etc.]

Bode's Jahrhuch, 1786, p. 258.

On the diameter and magnitude of the Georgium Sidus, with a description of the dark

and lucid disk and periphery micrometers.

Phil. Trans., 1783, p. 4.
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On tie proper motiou of tlie sun and solar system, with an account of several clianges

that have happened among the fixed stars since the time of Mr. Flamsteed.
Phil. Trans., 1783, p. '247. Bode's Jahrbttch, 1787, p. 194, p. 224.

Astrouomische ISTachrichten und Entdeckuugen ans einem franzosischen Schreiben

dcsselben an mich [Bode], datirt Datchet naho bey Windsor, den 18 May, 1784.

[This letter is on the subject of the use of high magnifying powers, and gives a resume

of his recent papers.]

Bode's Jakrbuch, 1787, p. 211.

On the remarkable appearances at the polar regions of the planet Mars, the inclina-

tion of its axis, the position of its iioles, and its spheroidical figure; with a few
hints relating to its real diameter and atmosphere.

Phil. Trans., 1784, p. 233.

Account of some observations tending to investigate the construction of the heavens.

Phil Trans., 1784, p. 437.

\^Bodc^s Jahriuch, 1788, p. 246, has a summary of this paper by Baron von Zacu. See

also, Bode^s Jahrbuch, 1794, p. 213.]

Catalogue of double stars.

Phil. Trans., 1785, p. 40.

On the construction of the heavens.

Phil. Trans., 1785, p. 213. Bode^s Jahrhuch, 1783, p. 238. See also same, 1787,

p. 213, and 1794, p. 213.

Aus einem Schreiben des Hru. Herschel an mich [Bode], datirt Clay Hall, nahe bey

Windsor, den 20 Jul., 1785.

[This is a letter forwarding two memoirs, and giving the prices of telescopes.]

Bode's Jahrbuch, 1788, p. 254.

Catalogue of one thousand new nebulae and clusters of stars.

Phil. Trans., 178(5, p. 457. Bodc's Jahrbuch, 1791, p. 157, and same, 1794, p. 213.

Investigation of the cause of that indistinctness of vision which has been ascribed to

the smallness of the optic pencil.

Phil. Trans., 1788, p. 500.

Remarks on the new comet [1786, II J.

Phil. Trans., 1787, p. 4.

[Letter from Herschel to Bode on the discovery of two satellites to Uranus, dated

Slough, 1787, Feb. 11.]
Bodc's Jahrbuch, 1790, p. 253.

An account of the discovery of two satellites revolving round the Georgian planet.

Phil Trans., 1787, p. 125. Bod^s Jahrbuch, 1791, p. 255.

An account of three volcanoes in the moon.

Phil. Trans., 1787, p. 229. Bodc's Jahrbuch, 1791, p. 255.

Note on M. Mechain's comet. [1787, I.] [Added to preceding paper.]

Phil. Trans., 1787, p. 232.

On the Georgian planet and its satellites.

P7ii7. Trans., 1788, p. 364. Bodc's Jahrbuch, 1793, p. 104.

Observations on a comet [1783, II,].

Phil. Trans., 1789, p. 151.

Catalogue of a second thousand of new uebula) and clusters of stars, with a few in-

troductory remarks on the construction of the heavens.

Phil. Trans., 1789, p. 212. Bodc's Jahrbuch, 1793, p. 150. Also same, 1794, p. 150.

Account of the discovery of a sixth and seventh satellite of the planet Saturn, with

remarks on the construction of its ring, its atmosphere, its rotation on an axis,

and its si^heroidical figure.

Phil. Trans., 1790, p. 1. Bode's Jahrbuch, 1793, p. 239; same, 1796, p. 88; 1797,

p. 249.
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On the satellites of the planet Saturn, and the rotation of its ring on an axis.

Phil. Trans., 1790, p. 427.

On nebulous stars properly so called.

Phil. Ti-ans., 1791, p. 71. Bode's Jahriuch, 1801, p. 128.

Ou the ring of Saturn and the rotation of the fifth satellite upon its axis.

Phil. Trans., 1792, p. 1. Bode's Jahrbuch, 1796, p. 88.

Miscellaneous observations

:

[Account of a comet], p. 23 [1792, I.].

[On the periodical appearance of o Ceti'], p. 24.

[On the disappearance of the .55th Herculis'\, p. 26.

[Remarkable phenomenon in an eclipse of the moon], p. 27.

Phil. Trans., 1792, p. 23.

Observations on the planet Venus.

Phil. Trans., 1793, p. 201.

Observations of a quintuple belt on the planet Saturn.

Phil. Trans., 1794, p. 28. Bode's Jahrbuch, 1798, p. 90.

Account of some particulars observed during the late eclipse of the sun. [1793, Sep-

tember 5th.]

Phil. Trans., 1794, p. 39.

Ou the rotation of the planet Saturn upon its axis.

» Phil. Trans., 1794, p. 48. Bode's Jahrbuch, 1798, p. 74.

Ou the nature and construction of the sun and fixed stars.

Phil. Trans., 1795, p. 46. Bode's Jahrbuch, II. Suppl. Band, p. 65.

Description of a forty-foot reflecting telescope.

Phil. Trans., 1795, p. 347. Bode's Jahrbuch, III. Suppl. Band, p. 238.

Additional observations on the comet. [1796, I.]

Phil. Trans., 1796, p. 131.

On the method of observing the changes that happen to the fixed stars ; with some

remarks on the stability of the light of our sun. To which is added a catalogue

of comparative brightness for ascertaining the permanency of the luster of stars.

Phil. Trans., 1796, p. 166. Bode's Jahrbuch, 1809, p. 201.

On the periodical star a JSerculis ; with remarks tending to establish the rotary motion

of the stars on their axes ; to which is added a second catalogue of the compara-

tive brightness of the stars.

Phil. Trans., 1796, p. 452. Bode's Jahrbuch, 1809, p. 201.

A third catalogue of the comparative brightness of the stars, with an introductory

account of an index to Mr. Flamsteed's observations of the fixed stars, con-

tained in the second volume of the Historia Ccelestis. To which are added sev-

eral useful results derived from that index.

Phil. Trans., 1797, p. 293. Bode's Jahrbuch, 1810, p. 143.

Observations of the changeable brightness of the satellites of Jupiter, and of the

variation in their apparent magnitudes, with a determination of the time of their

rotatory motions ou their axes. To which is added a measure of the diameter of

the second satellite, and an estimate of the comparative size of all the four.

Phil. Trans., 1797, p. 332. Bode's Jahrbuch, 1801, p. 103.

On the discovery of four additional satellites of the Georgium Sidus. The retrograde

motion of its old satellites announced, and the cause of their disappearance at

certain distances from the planet explained.

Phil. Trans., 1798, p. 47. Bode's Jahrbuch, 1801, p. 231.

A fourth catalogue of the comparative brightness of the stars.

Phil. Trans., 1799, p. 121. Bod^s Jahrbuch, 1810, p. 143.
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On the power of penetniting into space by telescopes, with a comparative deterinina-

tion of the extent of that power in natural vision, and in telescopes of various

sizes and constructions, illustrated by select observations.

riiil. Tram., 1800, pp. 49-85. Bode's Jahrhmh, 1804, p. 231.

Investigation of the powers of the prismatic colors to heat and illuminate objects,

with remarks that prove the diU'erent refrangibility of radiant heat. To which
is added an inquiry into the method of vii'wing the sun advantageously Avith

telescopes of large apertures .and high magnifying powers.

riiiL Trans., 1800, pp. -255-283. Hodv's Jahrhitch, 1804, p. 89.

Experiments on the refrangibility of the invisible rays of the sun.

Fkil. Trans., 1800, pp. 284-292. Lode's Jahrbiteh, 1804, p. 89.

Experiments on the solar and on the terrestrial rays that occasion heat, with a com-
liarative view of the laws by which light and heat, or rather the rays that occasion

them, arc subject, in order to determine whether they are the same or different.

Fhil. Trans., 1800, pp. 293-3J5, 437-538. Gilbert Annal., X. (1802), pp. G8-78;

same, XII. (1803), pp. 521-540.

Observations tending to investigate the nature of the sun, in order to find the causes

or symptoms of tts variable emission of light and heat, with remarks on the use

that may iiossildy be drawn from solar observations.

Phil. Trans., 1801, pp. 2i35-318. Bodc^^ Jakrhnvh, 1805, p. 218, and ISOC), p. 113.

Ueber den 7 Nebellieck der Isten Classe des Herschel'schen Verzeichniss, nnd iiber

Ceres nnd Pallas, vom ITerrn Doctor Hersciiel, aus zwey Briefen desselben.

Bodies Jahrbtich, 1805, j). 211.

Additional observations tending to investigate the symptoms of the variable emission

of the light anil heat of the sun, with trials to set aside darkening glasses by trans-

mitting the solar raj'S through liquids, and a few remarks to remove objections

that might be made against some of the arguments contained in the former pap6r.

Pltil. Trans., 1801, pp. 354-3132.

Observations on the two lately discovered celestial bodies IC-eres and Pallas'].

Phil. Trans., 1802, pp. 213-232. Nicholson Journal, IV. (1808), pp. 120-130, 142-

148.

Cat.alogne of live hnndred new nebuhc, nebulous stars, planetary nebuhe, and clusters

of stars, with remarks on the construction of the heavens.

Phil. Trans., 1802, pp. 477-.528. Bode's JahrMch, 1807, p. 113.

Observations of the transit of Mcrcnrij over the sun's disk, to wliieh is added an in-

vestigation of the causes which often prevent the ])roper action of mirrors.

Phil. Trans., 1803, pp. 214-232.

Acconnt of the changes which have happened during the last twenty-tive years in the

relative situation of double stars, with an investigation of the cause to which they

are owing.

Phil. Trans., 1803, pp. 339-3^2. Bode's Jahrbuch, 1808, pp. 154-178.

Continuation of the acconnt of the changes that have happened in the relative situa-

tion of double stars.

Phil. Trans., 1804, pp. 353-384. Bode's Jahrbuch, 1908, p.22G.

Aus einem Schreibeu des Herrn Doctor Heksciiel, datirt Slough bey Windsor, den 31

May, 1804.

[Relates to his theory of the relation between the solar radiation and the price of

wheat.]

Bode's Jahrbuch, 1808, p. 226.

Experiments for ascertaining how far telescopes will enable us to determine very small

angles, and to distinguish the real from the spurious diameters of celestial and

terrestrial objects, with an application of the results of those experiments to a

S. Mis. 31 33
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series of observations on the nature and magnitude of Mr. Harding's lately dis-

covered star \_Juno, (1804)].
Fhil. Trans., 1805, pp. 31-70.

On the direction and velocity of the motion of the sun and solar system.

Fhil. Trans., 1803, pp. 233-25G. BocWs Jalirbuch, IV. Su^jpl. Band, p. 67.

Observations on the singular figure of the planet Saturn.

Phil Trans., 1805, pp. 272-280. node's Jahrhuch, 1809, p. 197.

On the quantity and velocity of solar motion.

rial. Trans., 1806, pp. 205-237. Bode's Jahrhuch, 1811, p. 224.

Observations and remarks on the figure, climate, and atmosphere of Saturn and its

ring.

Phil. Trans., 1805, pp. 455-467. Gilbert Annul, XXXIV. (1810), pp. 82-105.

Bode's Jahrhuch, 1810, p. 228.

Experiments for investigating the cause of the colored concentric rings discovered by
Sir I. Newton between two object glasses laid one upon another.

Phil. Trans., 1807, pp. 180-233. Annal. de Chimie, LXX. 1809, pp. 154-181,

293-321 ; same, LXXI. 1809, pp. 5-40.

Observations on the nature of the new celestial body [ Vestal discovered by Dr. Olbers,

and of the comet which was expected to appear last January in its return from

the sun. [1303,11.]
Phil. Trans., 1807, pp. 260-206.

Observations of a comet [1807, I.] made with a view to investigate its magnitude and
the nature of its illumination, to which is added an account of a new irregularity

lately perceived in the apparent figure of the planet Saturn.

Phil. Trans., 1803, pp. 145-163. Gilbert Annal., XXXVI. (1810), pp. 389-393.

Zach Monat. Corresp., XX. (1809), pp. 512-514.

Continuation of experiments for investigating the cause of colored concentric rings

and other appearances of a similar nature.
Phil. Trans., 1809, pp. 259-302.

Supplement to the first aud second part of the paper of experiments for investigating

the cause of colored concentric rings between object glasses, and other ai)i)ear-

ances of a similar nature.

Phil. Trans., 1810, pp. 149-177. Gilbert Annal., XLVI., 1814, pp. 22-79.

Astronomical observations relating to the construction of the heavens, arranged for

the purpose of a critical examination, the result of which apjiears to throw some
new light upou the organization of the celestial bodies.

Phil. Trans., 1811, pp. 239-336. Journ. de Phxjs., LXXV., 1812, pp. 121-167.

Observations of a comet, with remarks on the construction of its ditferent parts.

[1811, L]
Fhil. Trans., 1812, pp. 115-143. Journ. de Phys., LXXVIL, 1813, pp. 125-135.

Zach Monat. Corresp., XXVIII., 1813, pp. 455-469, 558-568. Bode's Jahrhuch,

1816, p. 185.

Observations of a second comet, Avith remarks on its construction. [1811, II.]

Phil. Trans., 1812, pp. 229-237. Xicholson Journ., XXXV., 1813, pp. 19.3-199.

Bode's Jahrhuch, 1316, p. 203.

Astronomical observations relating to the sidereal part of the heavens, and its con-

nection with the nebulous part, arranged for the purpose of a critical examination.

Phil. Trans., 1814, pp. 248-284. Bode's Jahrhuch, 1818, pp. 97-118.

A series of observations of the satellites of the Georgian Planet, including a passage

through the node of their orbits, with an introductory account of the telescopic

apparatus that has been used on this occasion, and a final exjiosition of some cal-

culated particulars dodnccd from the observations.

Phil. Trans., 1815, pp. 293-362. Bode's Jahrhuch, 1819, pp. 232-242.
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Astronomical observations and experiments tending to investigate the local arrange,
ment of the celestial bodies in 8i)ace, and to determine the extent and condition
of the Milky Way.

FliU. Trans., 1817, pp. 302-331. Lode's Jalirhuch, 1821, p. 149.

Astronomical observations and experiments selected for the purpose of ascertaining
the relative distances of clusters of stars, and of investigating how far the power
of our telescopes may bo expected to reach into space, when directed to ambigu-
ous celestial objects.

Fhil. Trans., 1818, pp. 429-470.

On the places of one hundred and forty-five now double stars (1821).

Mem. Roij. Ast. Soc, I., 1822, pp. 161J-181.

III.

—

List of works relating to the life and writings of
William Herschel.

[arranged alphabetically by authors.]

[y(. B. In general, tlio notices of his life to bo found in encyclopaedias of biography, etc., are not in-

cluded here.l

Arago (F.)

Analyse de la vie et des travaux de Sir William Herschel [from Annuaire da

Bureau des Longitudes, 1842]. Paris, 1843. 18mo.

[See also the Annuaire for 1834, for an account of Hersciiel's work on

double stars.]

Arago (F.)

Biographies of Distinguished Scientific Men. Translated by Admiral W. H.
Smyth, Rev. B. Powell, and Robert Grant, Esq. Herschel.

First series, ]). 258. Boston, 1 859. 8vo.

Arago (F.)

Herschel. [Translated from the French.]

Smithsonian Report. 1870, p. 197. 8vo.

Auwers (A.)

William Herschel's Verzeichnisse von Nebelfiecken und Steruhaufeu bearbeitet

von A. Auwers.
From the Konigsherg Ohservations. 1862. Folio.

Bessel (F. W.)
Sir William Herschel. [From the Kiinigsherger Allgemeine Zeitung,\, 1843, No.

37, et seq., rexiriuted in his] Abhandlungen, vol. iii., p. 468. Leipzig, 1876. 4to,

Bruhns (C.)

Karolixe Lucretia Herschel, aus der AUgem. Dcutschen Biograpliie. 1877, 8vo.

D'Arrest (H. L.)

Verzeichniss von Sir William Herschel's NebeMecken erster und vierter Classe,

aus den Beobaehtnngen berechnot und auf 1850 reducirt.

Abhandlungen d. Math. Phys. Classe der K. Sachs. Gesell. d. Wissenschaften

Band iii [1857] p. 359.

Dunkin (E.)

Obituary Notices of Astronomers, p. 86.

Sir William Herschel, K. C. H., F. R. S., 1738, 1822.

London, 1879. 12mo.
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Fdtis (F. J.)

Biograpbie universelle des musiciens [article, Heuschel. ]

Paris, 1835-37. 8vo.

Forbes (J. D.)

Sir William Herschel [being ^ 2 of Dissertation vi. ]

Encyclopsedia Britanuica, eigbtb edition. Vol. I, Dissertations, p. 838.

Fourier (J.)

£loge bistoriqne de Sir Willia:m Herschel, prononcd dans la stance publique

de I'Academie royale des sciences le 7 Juin, 1824.

Histoire de VAcademie Eoyale des Sciences de VInsiitut de France, tome vi.,

anne'e 1823, i>. Ixi.

Harding (C. L.)

Des Herrn Dr. Herschel's Untersucbungen iiber die Natur der Sonnenstrablen,

aus dem engliscben iibersetzt. Erstes Heft. [Translations from Phil. Trans.,

1800.] Celle, 1801. IGmo.

Herschel (Carolina.)

lln Account of a new Comet. [1786, II.]

Phil. Trans., 1787, vol. 77, p. 1.

Herschel (Carolina.)

An Account of tbe Discovery of a Comet. [1793, L]
Phil. Trans., 1794, vol. 84, p. 1.

Herschel (Carolina.)

An Account of tbe Discovery of a Comet. [1795, II.]

Phil. Trans., 1796, vol. 86, p. 131.

Herschel (Carolina.)

Catalogue of Stars talcen from FLA:\rsTEED's observations contained in tbe second

volume of bis Historia Caelestis, and not inserted in tbe British Catalogue; to

wbicb is added a collection of errata wbicb sbould be noticed in tbo same

volume ; witb remarks by W. Herschel. London, 1793. Folio.

Herschel (Carolina.)

Yerzeicbniss von 74 Stemen Flamsteeds von denen keine Beobacbtungen in der •

Hist. Cocl. Brit, vorkommeu.
Lode's Jahrlueh, 1806, p. 255.

[Herschel (Carolina.)]

[Notice of ber life. ]

Monthly Notices Boy. Ast. Sac. vol. 8, p. 64 ; also Memoirs Roy. Ast. Soc, vol.

17, p. 120.

Herschel (Carolina.)

Memoir and Correspondence of Carolixe Herschel. By Mrs. John Herschel.
With jtortraits. London, 1876. 12mo.

Herschel (J. F. "W.)

Article Telescope, in Encyclopaedia Britannica, eigbtb edition. [Tbis article (illus-

trated) gives most of tbe important features of Sir William Herschel's

manner of grinding and polisbing specula. ]

Herschel (J. F. W

)

Catalogue of Nebulae and Clusters of Stars. [General and systematic reduction

of all Sir W. Herschel's observations brougbt into connection witb all otber

similar ones.]
P7ii7. Tra??s.,18G4. Page 1. 4to.

Herschel (J. F. W.)
A synopsis of all Sir William Herschel's micrometrical measurements, etc., of

Double Stars, together witb a Catalogue of tbose Stars . . . for 1880.

Mem. Pay. Ast. Soc., vol. xxxv, p. 21. London, 1867. 4to.
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Herschel (J. F. W.)
Additioual Iilcntificatious of Double Stars in tlio Synoptic Catalogues of Sir Wii^

LIAM HcRSCnEL's Micrometi'ical Measurements, etc.

MonMij Notices Boy. Ast. Soc, vol. xxviii, p. 151. London, 18G8. 8vo.

Herschel (Mrs. Joliii,)

Memoir and Correspondence of Caroline Herschel. With portraits. London,
187(5. 12mo.

Herschel (W.)

[Solution of a ^irize question.]

Ladies' Diary, 1779.

Herschel (W.)

The favorite Eecho Catcli . . . and the preceding Glee [liy S. Leacii]. To
which is added the . . . Catch Sung by Three Old Women ... in

the Pantomime called "The Genius of Nonsense" [by II. Harrington].
Loudon, 1780 (?) Obi. folio.

Herschel (W.)

Gottingcn Magazin dcr JVisseitcliaffcn iind Litcraiur (1783), vol. iii, ji. 4. Lichten-

berg and Forster, Editors.

[Letter from Herschel, giving a brief account of his life.]

Herschel (V/.)

I. Manuscripts in possession of the Royal Society.

1. A series of register sheets in which are entered up all the observations of

each nebula, copied verMtim from the sweeps. 2. A similar set of register

sheets for Messier's nebulas. 3. A general index of the 2,.508 nebulaj of W.
Herschel; given the class and number, to find the general number. 4. An
index list; given the general number, to find the class and number. 5. A
more complete list, like 4. 6. A manuscript catalogue of all the nebuUc and

clusters, reduced to 1800 and arranged in zones of l'^ in polar distance : by

Miss Carolina Herschel. 7. The original sweeps with the 20-foot re-

flector at Slough, in three small quarto and four folio vols, of MSS.

II. Manuscripts in possession of the Loyal Astronomical Society.

This library contains "the whole series of autograph observations of each

doulde star [observed by Herschel], brought together on separate sheets,

by Sir William Herschel and Miss Carolina Herschel."

[Herschel (W.)]

Some account of the life and writings of William Herschel, Esq. [With a por-

trait.]

The European Magazine and London Bevicw for January, 1785. 8vo.

[Herschel (W.)]

Edinburgh Bevieiv, vol. i, p. 426.

[A review of Herschel's memoir "Observations on the two lately discov-

ered bodies," from PMl. Trans., 1802.]

[Herschel (W.)]
" Sir William Herschel, from a London paper."

[This is a short obituary notice "furnished by a gentleman well acquaint/Cd

with Sir William and his family, and its accuracy may be rehed on.'"]

Niles' Bcgister, vol. 23, p. 154, November 9, 1822. 8vo.

[Herschel (W.)]

Obituary: Sir William Herschel, Knt., LL.D., F.R.S.

Tlie Gentleman's Magazine and Historical Chronicle, vol. xeii, 1822, p. 274. SvOc

[Herschel (W.)]

Annual Register, 1822, p. 289. 8vo.
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W. Herschel's Siimmtliche Schriften. Erster Band. Ueber den Ban des Him-
mels. Mit 10 Kupfertafelu. [Edited by J. W. Pfafp. A second edition was
published in 1850.] Dresden and Leipzig, 1823. Bvo.

[Herschel (W.)]

New York Mirror, vol. vi, 1829-'30, p. 388.

[Herschel (W.)]

Living Age, vol. ii, p. 125, (1844). Bvo. [Reprinted from Chambei-s' Journal. ]

[Herschel (W.)]

Foreign Quarterly Eevieic, vol. 31, p. 438. 8vo.

[Review of Arago's ''Analyse de la Vie et des Travanx de Sir William
Herschel."]

[Herschel (W.)]

Akago's Life of Herschel.
Eclectic Museum, vol ii, p. 556. [Reprinted from tbe Foreign Quarterly Re-

view, vol. 31.]

Holden (E. S.)

On tbe inner satellites of Uranus. [Reduction of Sir William Herschel's ob-

servations.]

Proceedings Amer. Assn. Adv. Science, August, 1874, p. 49. 8vo.

Holden (E. S.)

Index Catalogue of Books and Memoirs relative to nebula?, clusters, etc. Smith-

sonian Miscellaneous Collections, No. 311, pp. 19-38. [Abstracts of Sir William
Herschel's memoirs (on nebulas) in the Philosophical Transactions.']

Washington, 1877. 8vo.

Holden (E. S.)

Sir William Herschel, his life and works. New York, 1881. 12 mo. (with a

portrait.

)

Krafit (J. G. F.)

Kurzc Nachricht von dem beriihmten Astronomen Herschel und einigen seiner

Eutdeckungen.

Bayreuth, 1787. Bvo.

Peirce (C. S.)

Photometric Researches. [_A. reduction of Herschel's observations on the com-

liarative brightness of the stars.] Annals Harvard College Observatory, vol. is.

Leipzig, 1878. 4to.

Sonuner (G. M.)

William Herschel * * * ueber den Ban desHimmels; drei abhandlungen

aus dem englischen nebersetzt, nebst eincm authentischen Auszug aus ILvnts

allgemeiner Natiirgeschichte und Theorie des Ilimmels.

Konigsberg, 1791. Bvo.

Struve (W.)

Etudes d'astronomie stellaire. Sur la voie lactic et sur la distance des ^toilea

fixes. [P. 24 et seq. contains an elaborate review of the construction of the

heavens according to Herschel.] St. Petersburg, 1847. Bvo.

Wolf (R,)

William Herschel. Zurich, 1867. Bvo.

Zach (F. von.)

Dr. William Herschel [translated from Puhlic Characters and printed in Zach's
MonatUch Correspondenz, 1802, x^art I, j). 70, et seq.'\
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TV.—List op the published portraits op William Hersciiel.

Artist, Mme. DuPiERY. Engraver, Tiiuxeut. 8vo. Early i)ortr;ut. Somo coiiies in

red. Profile.

Artist, F. Rehbuhg. Engraver, F. "W. Boixixgeh. 8vo. Late portrait.

Artist, ? Engraver, C. Westermayr. 8vo. Medallion.

Artist, C. Brand. Engraver, ? 8vo. Lithograph.

Artist, ? Engraver, J. Sewell. 8vo. Profile, 1785.

Artist, ? Engraver, ? 8vo. Profile.

Artist, F. BoxxEViLLE. Engraver, F. Boxxeville. 8vo. Profile.

Artist, J. Russule, R. A. Engraver, E. Scrivex. 8vo. Eni;raved from a crayon in

the i)ossessiou of his son, -lud imblished by the S. I). U. K. in the; Ualkrij of I'or-

traits, vol. 5.

Artist, ? Engraver, ? 8vo. European Magazine, Jan., 1785. This is a
bust in i>rofile showing tJie left side of the face.

Artist, ? Engraver, TiiOMSOX. 8vo. Published by Caston, 182:^. ' This must
have been engx-aved before 1810, since the legend is William IIersciikl, LL. D.,

F. E. S.

Artist, Lady GORDOX. From the painting by Abbott in the National Portrait Gallery.

Engraver, Joseph Browx. 8vo. Published in memoir of Carolixe Herschel.
This is of the date 1788, or thereabouts.

Artist, ? Engraver, C. Mijller. 4to. Med.allion. 1785 (?

Artist, ? Engraver, Yi.Viymxa. 4to. Legend in Russian.

Artist, Baisch. Engraver, ? 4to. Lithograph.

Artist, H. Gr:evedox. Engraver, ? Fol. Lithograph.

Ai-tist, ? Engraver, F. MOller. Fol.

Artist, Abbott. Engraver, Ryder. Fol. 1788.

Artist, J. BoiLLY. Engraver, ? Fol. 1822. Lithograph.

Artist, ? Engraver, J. GODBY. Fol.

E. W. S. LuTwiDGE, Esq., F. R. A. S., Las an original seal with a bead of Sir "William Herschel,

which is shown on the titli'-page of this work. A cut of it has been courteously furnished me by John
Browning, Esq., F. R. A. S., etc.

In 1787 a bust of Herschel was made by Lockie for Sir William Watson.
A picture of Heeschel was painted by Mr. Artaud about the beginning of 1810. A portrait of

Herschel by Abbott is in the National Portrait Gallery, London. There are no doubt many other

p.aintings in England, though I can find notices of those only. The Eoy.al Society of London has nearly

a hnndred portraits of its most distinguished members, but owns none of Sir William Herschel.

Y.

—

Synopsis of the scientific writings op Williaji IlERScnEL.

Abstracts of William Herschel's Memoirs in the Philosophical Transac-

tions of the Eoyal Society of London.

A.D. Yol. p.

1780 70 338 Astronomical observations on the Periodical Star in Collo Ccti. By Mr.

William Herschel, of Bath, communicated by Dr. Watsox, jr.,

of Bath, F. R. S. Read May 11, 1780.

338 This star is o Ceii, and was first observed by David Fabricius, August

13, 159G.

338 Herschel's observations begin 1777, October 20.

339 /? Ceti is brighter than a, which indicates a change since Bayer.

340 2' (of arc) "is hardly sufficiently large to distinguish a square from a

circle."

341 " The periodical star preceded a very obscure telescopic star" 1' 45". 16.
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1781 71 1*21 Two very good clocks were used; one having a deal pendulum rod

and one a compounded one of brass and iron, both having a proper

contrivance not to stoj) when winding up. The rate of going of my
clocks I determined by the transit of stars.

121 Observations on Jupiter in the year 1778. February 24—April 12.

(See Plate V, Figs. 1 to 12, drawings oi Jupiter.)

123 Observations on Jupiter in 1779. April 14—April 23. See Plate V,

Fig. 13 [misprinted 18].

124 Comparing the observations two and two the following times of one

synodical revolution

:

gh 54m 56s 4 from an interval of 17 revolutions

;

9*^ 55™ 20^ from an interval of 12 revolutions

;

9^^ 55™ 24= from an interval of 15 revolutions

;

gh 55m 4s g from an interval of 41 revolutions;

gh 55m 403 from an interval of 1 revolution
;

gu 54m 589_2 from an interval of 29 revolutions

;

gh 54m 533,4 from an interval of 26 revolutions

;

gh 51m 338 from an interval of 12 revolutions
;

gh 51m 45s
(5 from an interval of 12 revolutions;

gh 50m 433 from an interval of 10 revolulions

;

gh 51m igs.4 from an interval ot 22 revolutions; combining the

two preceding.

126 These several results are so various that it is evident that Jupiter is

not a proper planet for this critical purpose. This great variety

cannot proceed from inaccuracy in the observations; for, in my
opinion, it is not possible to make a mistake in the position of a spot

which shall amount to 5 minutes of time, as was proved by the ob-

servation of April 23, 1779.

126 The synodical revolutions have not been reduced to sidereal ones.

126 By a comparison of the difl'ereut periods it appears that a spot grad-

ually performs its revolutions in less time than it did at first. Ex-

amples of this are given.

126 This is consonant with the theory of equatorial winds.

127 Observations on Ifars in tho year 1777. (April 8—April 27.) See Plate

VI, Figs. 14—19, drawings of Mars.

128 Observations on Mars in the year 1779. (May 9—June 17.) Figs.

20—23, drawings of Mars.

130 Comparing the observations of 1779 two and two the i^eriods are

:

24h 38m is_5 from an interval of 2 revolutions;
24h 34m is_5 from an interval of 2 revolutions

;

24"^ 38™ 5''.9 from an interval of 36 revolutions

;

241^ 38™ 5^4 from an interval of 38 revolutions

;

24"^ 38™ 20^3 from an interval of 34 revolutions.

131 Method of reducing synodic revolutions to sidereal (see Fig. 24, dia^

gram).

133 The sidereal iieriods from observations of 1777 and 1779 are

:

2i^ 39™ 23^03 from an interval of 768 revolutions

;

24'' 39™ 18^94 from an interval of 768 revolutions;

24.^ 39™ 23^04 from an interval of 763 revolutions.

134 24 '^ 39™ 21^.67 the adopted sidereal revolution of Mars on his axis.

[Proctor's value, 24'' 37™ 22^715.]
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1781 71 134 Consideration of three sources of possible error: I, a mistake m the

whole number of revolutions; II, a mistake in estimating the time

when a spot comes to a certain place ; III, the [determination of

the] time may be in error.

135 A mistake in the whole revolutions would have made an error of li' in

the concluded rotation time, and the agreement of the three results

shows that no such mistake has been made.

The second cause of error is of some force. An error of 10™ is not

likely, as is shown by the results of some experiments. These wero

made by placing dots within circles drawn on paper, the (eccentric)

positions of the dots corresponding to positions of a spot on Man,

10 15, and 20 minutes distant from his centre. These were shown

to'various persons, who all agreed in locating the dots on the proper

side of the centre.

136 The time was satisfactorily determined in 1779, but in 1777 not so

much so, as I was then not provided with an altitude instrument.

136 Allowing for this, the uncertainty of the deduced rotation period is

estimated at not above 2^34.

137 An ephemeris of the times of appearances of a dark spot on Mars hns

been calculated for 1781 [and is given, p. 138].

138 Observation of the beginning and ending of the solar eclipse of Jane

24, 1778.

1781 71 492 Account of a Comet. [The planet fTranxs.] By Mr. Herschel, F. R.

S., communicated by Dr. Watsox, jun., of Bath, F. R. S. Read

April 26, 1781.

492 "On Tuesday, March 13 [1781], between 10 and 11 in the evening,

while I was examining the small stars in the neighborhood of II

Geminorum, I perceived one that appeared visibly larger than the

rest. Being struck with its uncommon magnitude, I compared it to

H Geminorum and the small star in the quartile between Auriga

and Gemini, and finding it so much larger than either of them, sus-

pected it to be a comet."

492 The magnifying power used "when I first saw the comet was 227.

By applyiu- higher powers (460 and 932) the diameter of the comet

increased in proportion to the power, while the diameters of the

stars to which I compared it wero not increased in the same ratio.

494 Measures of the comet's diameter (March 17, April 18) ;
the measures

vary from 3" 53'" to 5" 20'".

494 "By experience I have found that the aberration or indistinctness

occasioned bv magnifying much, provided the object be still left

sufficiently distinct, is rather to be put up with than the power to

bo reduced when the angles to bo measured are extremely small."

496 Distance of the comet from certain telescopic stars. [See diagrams of

these stars and the comet in Plate XXIV, 1-6.]

497 Position-angles.

498 Miscellaneous observations and remarks.

March 19: It moves according to the order of the signs, and its orbit

declines but very little from the ecliptic.

April 6: The comet appeared perfectly sharp at the edges and ex-

tremely well defined.

498 Remarks on the path of the comot.

499 The field of view was bright, the micrometer-thread black.
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1781 71 500 Description of a Micrometer for taking the angle of i^osition. (See

Plate XXVI, figs. 1, 2, 3, 4.)

This is the modem form.

1782 72 82 On the Parallax of the Fixed Stars, by Mr. Herschel, F. K. S. ; com-
municated by Sir Joseph Banks, Bart., P. R. S. Read December

6, 1781.

82 The nearest of the fixed stars caanot be less than 40,000 diameters of

the whole annual orbit of the earth distant from us.

82 As we cannot enlarge this base, we can only endeavor to improve the

instruments by which we measure the parallax.

82 To measure small angles with accuracy two things are necessary: 1st,

that the instrument used for the i»urpose should bo divided with

sufficient exactness; and 2d, that the telescope should have an ade-

quate power and distinctness.

83 The first condition is (now) practically fulfilled. The chief difficulty

is in the optical i)art. To see 1" with precision requires a telescope

of very great perfection.

83 Even sui)posing the parallaxes of stars not to amount to single sec-

onds, or even thirds [-gV']> tlie observations necessary to show this

would still have value.

84 The next step necessary to consider in this undertaking was the man-
ner of luitting it into execution.

84 The method jiroposed by Galilee, and attempted by Hooif, Flam-
steed, Molineux, and Bradley, of measuring zenith distances of

stai's which pass close to the zenith, though it failed with regard

to i^arallax, has been productive of the most noble discoveries of

another nature.

84 BKvVDLEY (in Phil. Trans., No. 406, j). G37) concludes that the par-

allax of y Draconis, or of ?/ Urna; Majoris, "is not so great as one

single second."

85 y Draconis is a bright third magnitude, and the conclusion that sev-

eral authors have reached, that the parallaxes of stars in general do

not exceed 1", does not appear to me to follow from the observations.

For aught we know to the contrary, the stars of the first magnitude

may still have a parallax of several seconds.

86 The method of zenith distances labors under the following considera-

ble difficulties: In the first iilace, the refractions; 2d, the change

of position of the earth's axis, arising from nutation, precession,

and other causes, is not completely settled ; 3d, the aberration,

though best known of all, may also be liable to some small errors.

87 I shall now deliver the method I have taken and show that it is free

from every error to which the former is liable, and is still capable

of every improvement the telescope and mechanism of micrometers

can furnish.

87 Let O and E (fig. 1) be two opposite points of the earth's orbit, in the

same plane with two stars, a and b, of unequal magnitude. Let the

angle aOb be observed when the earth is at O, and aE& when the

earth is at E. From the difference of these angles we may calculate

the parallax of the stars. These two stars ought to be as near each

other as possible, and also difl'er as much in magnitude as we can

find them.
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I~ii2 7^ SdS Galileo was the first wlio suggested this method; but he does not

observe that the stars shouhl be so near to each other as thereby to

preclude the intiuence of every cause of error.

88 This method has been also mentioned by other authors. Dr. Long
observed y Arieiis, a Geminorum, Oriotiw, and y Virgims, and " was
persuaded that they would be found always to remain the same."

83 Every one of these stars are [sj'c] totally improper for the purpose ; for

the stars in y Arieiis are near 10" distant, and, moreover, equal in

magnitude. In cxGoiiinorum the stars are near enough, but do not

sntiiciently ditier iu magnitude to shew any jiarallax. The stars

in the Nebula of Orion, on account of their extreme smallness of

distance, are still more improiier than any ; and those of y Virginis

are equal in magnitude.

88 The magnifying iiowers used by Galileo and Long were too small,

not above 60 or 70.

89 From a great number of observations which I have already made on

several double stars, especially e Bootis, it appears that we can affirm

the annual parallax to be exceedingly small indeed ; and that there

is a great probability of succeeding still farther in this laborious

but delightful research, so as to be able at last to say, not only how

much the annual parallax is not but how much it really u.

90 Discussion of the effect of refraction on such measures.

91 Too much has hitherto been taken for granted iu oi)tics. Why the

method (of experiment) should not be more pursued iu the art of

seeing does not appear.

92 We are told that we gain nothing by magnifying too much. 1 grant

it ; but shall never believe I magnify too much till by experience

I find that I can see better with a lower power.

92 Telescopes will in general discover more small stars the more light

they collect, yet with a power of S«i7 I cannot see the small star

following o Aquikv, when by the same telescope it appears very

plainly with the power of 460. Now in the latter case the light

is less than the fourth part of the former.

93 Other similar cases noted and the names of the small stars given.

93 Great power may be favorable in cases where two stars are close

together. Figs. 2-5 show a Lgrcc with powers 460, 2,010, 3,168,

and 6,450 with my Newtonian reflector.

94 A new micrometer has been invented, which will be described in a

subsaquent paper.

94 The powers that may be used upon various double stars are different

according to their relative magnitudes; £ Bootis, for example,

will not bear the same power as a Geminorum.

95 I have always found a single eye-glass had much the superiority

over a double eye-glass, both in light and distinctness. I would

except those cases where a large field is necessary.

95 If we would distinctly perceive and measure extremely small quan-

tities, such as a tenth of a second, it appears that when we use a

power of 4()0 this tenth of a second will be no more in appearance

than 46", and even with a power of 1,500 will be but 2' 30", which

is a quantity not much more than sufficient to judge well of ob-

jects and to distinguish them from each other, such as a circle

from a square, triangle, or i)olygon.

2h
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1782 72 96 [Foot-note.] By a set of experiments made in 1774 I found that I

could discover or perceive a bright object, such as white paper,

against the skylight when it subtended an angle of 35", but could

only distinguish it to be a circle, and no other figure, when it ap-

peared under an angle of 2' 24".

96 We must look for distinctness in the perfection of the object specu-

lum of a telescope, and if we can make the first image in the

focus of a speculum almost as perfect as the real object, what
should hinder our magnifying but loss of light ?

96 The stars having light sufficient, I see no reason why we should

limit the powers of our instruments by any theory.

97 In this research it became necessary to look out for proper stars. I

took some pains to find out what double stars had been recorded by

astronomers, but my situation permitted me not to consult exten-

sive libraries. Nor indeed was it very material ; for, as I intended

to view the heavens myself, Nature, that great volume appeared to

me to contain the best catalogue upon this occasion.

97-8 Enumeration of a few double stars which were known when this

research began.

98 If I should mention any observations that are difficult to be verified

I beg the indulgence of observers. I hope it will be found that I

have sufficiently guarded against optical illusions, and that I have

all along had truth and reality in view as the sole object of my
endeavors.

99 In the observations of the distances of double stars, I have used two

ways. Those which are extremely near to each other may be esti-

mated by the eye in measures of their own apparent diameters.

Such estimations are accurate, as is shown by experiments with

circles draw^n on paper near together.

100 I have di\nded double stars into several classes. Class I contains the

most difficult.

100 These being the most delicate objects it will not be amiss to go grad-

ually through a few preparatory steps of vision.

100 Examples of such preparatory steps given.

101 These double stars are a most excellent way of trying a telescope.

10 L Class II of double stars contains all those that are proper for estima-

tions by the eye, or very delicate measures of the micrometer. See

fig. 6 of a Geviinorum.

102 Estimations made with one telescope cannot be compared to those

mada sith another.

102 Whatever may be the cause of the apparent diameters of the stars,

they are certainly not of equal magnitude with the same powers

in difterent telescopes, nor of proportional magnitude with dift'er-

ent powers of the same telescope.

102 Class III contains all double stars more than 5" and less than 15"

asunder.

103 Class IV contains double stars 15 ' to 30" asunder.

Class V contains double stars 30" to 60" asunder.

Class VI contains double stars 60" and over asunder.

103 These may serve another very important end. I will just mention it,

though it is foreign to my present purpose. Several stars of the

first magnitude have been observed or suspected to have a proper

motion of their own ; hence we may surmise that our sun, with
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all its planets and comets, may also have a motion toward some
particular point of the heavens. If this surmise should have any
foundation it will show itself in a series of some years in a kind
of systematical parallax or change due to the motion of the whole
solar system.

1782 72 104 Theory of the annual parallax of double stars; General Postulata:

1. Let the stars be supposed, one with another, to be about the size

of the sun.

104 2. Let the difference of their apparent magnitudes be owing to their

different distances, so that a star of the 2d, 'M, 4th magnitude is 2,

3, 4 times as far off as one of the first.

104 [Foot-note.] This is rather the order into which stars ought to be
divided than that into which they are. And perhaps we ought to

make an allowance for some loss which may happen to the light of

very remote stars in its pass,age through immense tracts of space

most probably not quite destitute of some very subtle medium.

I have usually found very small telescopic stars to be red, or inchned

to red.

105 Case of the parallax of stars in the ecliptic.

106 The following general exi^ression for the parallax of two stars:

Let P express the total iiarallax of a fixed star of the first magnitude

;

M the magnitude of the largest of the two stars; m the magnitude

of the smallest, and j; the iiartial parallax to be observed by the

change in the distance of a double star : then will w = . P

and p being found by observation will give us P = -^ ,

.

107 Cases where the stars are not in the eclii^tic.

1782 72 112 Cataloffuc of Donhle Stars. By Mr. Herschel, F. K. S., communicated

by Dr. Watsox, jun. Read January 10, 1782.

112 Introductory remarks. The catalogue contains, I. The names of the

stars, etc. II. Their comparative size. HI. Their colors. IV. Theij

distances, which are given several different ways. Those estimated

by the diameter can hardly be liable to an error of so much as 0".25.

Those measured by the micrometer may have errors from 1" to 2".

A new micrometer [Lamp-Micrometer, P. T., 1782, p. 163], made
within a few months, gives measures which can be relied on to 0".l

when a mean of three measures is taken. V. The angles of position

;

when measured they can be relied on to 2° or 3". VI. The dates of

discovery.

115 Catalogue of Double Stars; First Class [24 stars].

120 h Draconis :
" It is in vain to look for them if every circumstance is

not favorable. The observer as well as the instrument must have

been long enough out in the open air to acquire the same tempera-

ture. In very cold weather an hour at least will be required ; but

in a moderate temperature half an hour will be sutficient."

122 Second Class of Double Stars [38 stars].

128 f Sagitice : the small star brighter with 460 than with 227 or 278.

129 Third Class of Double Stars [46 stars].

131 7 DclpMni : " I suspect a motion in one of these stars. I thought it

best not to join other observations" to those of 1779.

136 Fourth Class of Double Stars [44 stars].

142 Fifth Class of Double Stars [51 stars].
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1782 72 143 t Boolis : "I suspect a motion in ono of the stars, Avliich another year

or two may show."

143 V Draconis :
'
' From the x)ositiou in Flamsteed's catalogue " we gather

that in his time their distance was * * * *, The difference iu

the distance of tlie stars is so considerable that we can hardly ac-

count for it otherwise than by admitting a proper motion in one or

both of the stars or in our solar system ; most probably neither of

the three is at rest."

147 a Lyme: I have often measured the diameters of the fixed stars, and

found they measui-ed less and less the more I magnified. With a

power of G450 I looked at this star for at least a quarter of an hour,

* * * having experimentally found that the aberration by this

means will appear less and less, a Lyrce was perfectly round ; its

diameter was 0".3553.

150 Sixth Class of Double Stars [66 stars].

150 o Cell : " I can hardly doubt the motion of this star."

157 Postscript to the Catalogue of Double Stars.

Since delivering the paper on the Parallax of the Fixed Stars [P7n7.

Trans., 1782], in which I refer to the above Catalogue of Double Stars,

I have received a paper of Mr. Mayer's ' 'De novis i n Coelo sidereo phaj-

nomenis" wherein I see that the idea of ascertaining the proper mo-

tion of the stars by means of small stars near large ones has induced

that gentleman before me to look out for such small stars. My view

being that the annual parallax required stars much nearer than

158 those that would do for Mr. May'er's purpose, therefore I exam-
ined the heavens with much higher powers, and looked out chiefly

for those that were exceedingly close. The above catalogue con-

tains 269 double stars, 227 of which, to my present knowledge, have

not been noticed by any j)erson. I hope they will prove no incon-

siderable addition to the general stock, especially as there are a

great many which are out of the reach of Mr. Mayer's and other

mural quadrants or transit instruments.

158 A power of 70 or SO was not enough for the stars of Class I nor even

those of Class II.

158 In settling the relative situation of very close double stars neither Mr.

May'er's instrument nor his method were adequate to the purpose.

159 Comparison of the measures of Mayer and Herschel on a Gevii-

norum

:

"Mr. Mayer: Distance, 9".635 from center to center; position, 23°

14' n. preceding ; magnitude, extremely unequal. Mine : Distance,

5". 156, diameter included; position, 32° 47' n. preceding; magni-

tudes, a little unequal." [See Fig. 6, Plate IV, for a cut of the ap-

jiearance of this star with power of 460.]

160 I do not mean to depreciate Mr. Mayer's method ; with stars of Classes

IV, V, VI, and some of Class III, better can hardly be wished for

;

it is not sufficient for stars of Class II, much less for those of Class I.

161 I have used the expression "double star " in a few instances of Class VI
in rather an extended signification. I preferred that expression to

any other such as comes, companion or satellite, because, in my
opinion, it is much too soon to form any theories of small stars re-

volving round large ones.

162 I shall not fail to take the first opportunity for looking out for those

of Mr. Mayer's double stars which I have not in my catalogue,

amounting to 31, and also for [another in Connaissauce des Terns].
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1782 72 163 Description of a Lamp Micrometer, and the method of using it. By Mr.

William Herschel, F. R. S. Read January 31, 1782.

163 The imperfections of the parallel wire micrometer in taking the meas-

ures of close double stars are [described] : 1st, that the measures

must include the diamters of the stars ; 2d, the deflection of the light

on the wires [single threads of the silk-worm were used] ; 3d, the

uncertainty of the zero ; 4th, the imperfection of the screw ; 5th,

the necessary illumination of the field.

164 The Lamp-Micrometer is free from all these defects. Description and
reference to Plate V.

169 The powers of Herschel's telescopes were [at this time] determined

by looking at a scale with one eye free and the other at the instru-

ment.

169 Description of the method of observing.

170 "A little practice in this business soon makes it easy, especially to one

who has already been used to look with both eyes open."

Example of the measure of the position of a Herculis.

("My telescope bears a power of 460 so well that for a twelvemonth

past I have hardly used any other.")

171 "A power of 932 on fine evenings is very distinct," and gives more

than half an inch to a second on the Lamp-Micrometer.

171 Other apiilications of this micrometer are to the measures of the di-

ameters of the planets and satellites, the mountains of the moon,

the diameters of the fixed stars, etc.

171 Example of the measure of the diameter of a Lyrw [diameter 0".355].

171 Nov. 28, 1781. I measured the diameter of the new star [ Uranu8'\,

The diameter of this "singular star" was 5". 022.

1782 72 173 A paper to obviate some doubts concerning the great magnifying powers

used. By Mr. Herschel, F. R. S.

[In the form of a letter to Sir Joseph Banks, Prest. R. S.]

173 I have the honor of laying before you the result of a set of measures

I have taken to ascertain once more the powers of my Newtonian

7-feet reflector.

174 The method described. The solar focus of one of the eye-pieces was

measured five times and found to be 1.01, 1.04, 1.09, 1.01, 1.05 in

half-inch measure. The sidereal focus of my 7-feet speculum in the

same measure is 170.4. The mag. power of that lens is, then, 163.8.

This eye-lens was then compared with others by measures of the

diameter of a brass wire [details of the experiment given].

175 Powers as they have been called in my papers, 146, 227, 278, 460, 754,

932, 1159, 1536 [this lens lost 8 months ago], 2010, 3168, 6450.

Powers as they come out by this method, 163.86, 250.7, 301.8, 496.7,

775.1, 986.7, 1179.9, , 2175.8, 2585.5, 5786.8.

175 Description of the method formerly used to determine these powers : In

1776 a mark of white paper exactly half an inch in diameter was

viewed at the greatest convenient distance with the least magnifiers.

An assistant was placed at rectangles in a field at the same distance^

and u])on a pole there erected I viewed the magnified image of the

half inch which was marked by my direction. The power thus ob-

tained was corrected to reduce it to what it would be upon infinitely

176 distant objects. The powers of the rest of the lenses I deduced

from this bv a camera eye-piece. [See Plate VI, figs. 1 and 2.]

S. Mis. 31 34
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1782 72 176 The inconvenience of the first method is that we find out how much
the telescope should magnify rather than how much it really does

magnify.

177 To prevent any mistakes I wish to mention again that I have all along

proceeded experimentally in the use of my powers, and that I do

not mean to say I have used 6450 (or 5786) upon the planets, or even

upon double stars. The use of high powers is a new and untrodden

path, and in this attempt variety of new phsenomena may be ex-

pected, therefore I wish not to be in a haste to make general con-

clusions. I shall not fail to pursue this subject, and hope soon to

be able to attack the celestial bodies with a still stronger armament

which is now preparing.

1783 73 \ A letter from William. Herschel, esq., F. R. S., to Sir Joseph Banks,

Bart., P. R. S.

1 The name Georgium Sidus proposed for the new star discovered in

March, 1781. lUraiius.']

1783 73 4 On the Diameter and Magnitude of the Georgium Sidus; witha description

of the dark and lucid disk and periphery micrometers. By William
Herschel, Esqr., F. R. S. Read November 7, 1782.

5 The measures of the diameter of the Georgium Sidus formerly commu-

nicated give 4" 36|'". But not being satisfied, when I thought it

possible to obtain much more accurate measures, I employed the

lamp micrometer.

5 A lucid disk and not two lucid points was really required, and the

following apparatus was contrived. [Description follows.] The

6 planet was kept by a good screw opposite and covering illuminated

oiled paper disks, and the sizes of these measured.

7 Observations on the Light, Diameter, and Magnitude of the Georgium

Sidus. [From Oct. 22, 1781, to Nov. 4, 1782.]

7 Oct. 22, 1781, "had a fine, bright, steady light, of the color of Jw^ifer,

or approaching to the light of the moon."

8 Oct. 2, 1782. "The planet unexpectedly appeared bluish," while the

oiled disk was reddish.

9 Oct. 10, 1782, determined the magnifying power of the telescope

again in a new way [described].

11 There is one cause of inaccuracy or deception in very small [close]

measures, long suspected but never yet sufiiciently investigated.

A dispersion of the rays of light in the atmosphere may be admit-

ted ; a concentration may also take place.

11 Oct. 12, 1782. The planet visible to the naked eye.

11 Oct. 13, 1782. "I perceived no flattening of the polar regions."

12 Nov. 4, 1782. "I was now fully conviuced that light, be it in the

form of a lucid circle or illumiuated jieriphery, would always occa-

sion the measures to be less than they should be, on account of its

vivid impression upon the eye" [and a dark circle in a bright

square was used for comparison].

12 A method to discover the quantity of the deception arising from the

illumination pointed out.

13 The diameter of the Georgium Sidus cannot well be much less, nor

perhaps much larger, than about 4".
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1783 73 247 On the proper motion of the Sun and Solar System ; with an account of

several changes that have happened among the fixed stars since the time

of Mr. Flamstked. By William Herschel, Esq., F. R. S.

Read March 6, 1783.

247 Several of the fixed stars have a proper motion.

248 We may strongly suspect that there is not, in strictness of si^eaking,

one fixed star in the heavens, and reasons which I shall adduce

will render this so obvious that there can hardly remain a doubt of

the general motion of all the starry systems, and, consequently, of

the solar one among the rest.

248 Reasons drawn from the theory of attraction evidently oppose every

idea of absolute rest in any one of the stars, when once it is known

that some of them are in motion.

249 I will give a general account of the most striking changes which I

have found to have happened in the heavens since Flamsteed's

time. I have now almost finished my third review.

249 The first review was made with a Newtonian telescope something less

than 7 feet focal length, a power of 222, and an aperture of 4^ inches.

It extended only to stars of the first, second, third, and fourth mag-

nitudes.

249 Of my second review I have given some account in Phil. Trans., vols.

LXX, LXXI, LXXII. It was made Avith an instrument much supe-

rior to the other of 85.2 inches focus, 6.2 inches aperture, and

power 227. It extended to all the stars of Harris's maps, and the

telescopic ones near them as far as the eighth magnitude. The

Catalogue of Double Stars and the discovery of the Georgium Sidut

were the results of that review.

My third review was with the same instrument and aperture, but

250 with a power of 460. This extended to all the stars of Flam-

steed's catalogue, together with every small star about them, to

the amount of a great many thousands of stars.

250 It may be proper to mention that I have many a night, in the course

of 11 or 12 hours of observation, carefully and singly examined not

less than 400 celestial objects, besides taking measures, and some-

times viewing a particular star for half an hour together, with all

the various powers.

250 The particularities attended to in this [third] review were—

1. The existence of the star itself, such as it is given by Flam-

i steed.

it- 2. To observe well whether it was single or double, well defined

or hazy.

3. To view and mark down its particular color.

4. To examine all the small stars in the neighborhood as far, at

least, as the twelfth magnitude.

J. The results of these observations I shall collect under a few general

its heads, as follows :

rbt 250 I. Stars that are lost or have undergone some capital change

since Flamsteed's time.

254 II. Stars that have changed their magnitude since Flamstkkd's

time.

257 III. Stars newly come to be visible.

[Several red and garnet stars in this list,]
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1783 73 258 Here we ought to observe that it is not easy to prove a star to be
newly come.

259 "Does it not seem natural that these observations should cause a

strong suspicion that most probably every star in the heavens is

more or less in motion?" For though their proper motions could

not cause all these changes, yet we may well suppose that motion
is in some way concerned.

259 A sjow motion, for instance, in an orbit round some opaque body
might account for some of these changes, while others might be

owing to the periodical return of large spots, which become visi-

ble by a rotation. The idea also of a body flattened by a quick
rotation and having a motion whereby more of the luminous surface

would be exposed at one time than another tends to the same end.

260 If the proper motion of the stars be admitted, who can deny that of

our sun? Admitting this for granted, the greatest difficulty will

be to discern the proper motion of the sun between so many other

motions of the stars. This is an arduous task indeed, but we are

not to be discouraged in the attempt. Let us at all events en-

deavor to lay a good foundation for those who are to come after us.

I shall therefore now point out the method of detecting the direc-

tion and quantity of the supposed proper motion of the sun, and
show that we have already some reasons to guess which way the

solar system is probably tending its course. [See Figs. 1 and 2.]

261 From the explanation of the figures it follows that

—

1. The greatest or total systematical parallax of the fixed stars will

fall upon those that are in the line DE at rectangles to the direc-

tion AB of the sun's motion.

2. The partial systematical parallax of every other star [defined in

amount].

3. The parallax of stars at different distances will be inversely as

those distances.

4. Every star at rest, to a system in motion, will appear to move in a

direction contrary to that in which the system is moving.

Hence it follows that if the sun be carried toward any star in the

ecliptic, every star in [one half of the ecliptic] will decrease in

longitude, and every star in [the other half] will increase.

262 No method is so proper for this purpose as to divide our observations

into 3 zones, viz: the equator and the two colures, and double

stars are the most suitable for the purpose. Each of the 3 zones

[contains double stars, which are in the previous list].

263 The equatorial zone* 20° wide, contains 150 stars. [List of them

given. ]

264 The zone of the equinoctial where 20° wide contains 70 double stars.

[List given.]

265 The zone of the solstitial where 20° wide contains 120 double stars.

[List given.]

266 A zone 20° wide of the ecliptic of 120 double stars may be added.

[List given.]

266 It remains now only for me to make an apijlication of this theory to

some of the facts we already know.
267 And first let me observe that the rules of philosophizing direct us to

refer all phenomena to as few and simple principles as are sufiicient

to explain them. [An exam^jle given.]
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1783 73 ii67 Dr Maskelyne's proper motions of seven of the stars quoted, and
the positions of these stars plotted on Fig. 3.

268 The motion of the sun towards the constellation of Herculen from a

point not far from the 77th degree of right ascension to its oppo-

site 257th degree will account for the proper motions of these stars

by the single motion of the Solar System.

269 Lalande gives the proper motion of 12 stars [table], and Fig. 4 rep-

270 resents them projected on the plane of the equator. These stars

with others [named] give us 27 motions to be accounted for. Our
supposition of the sun's motion accounts for 22 of these, so there

271 are but 5 exceptions, which must be resolved into the real projier

motions of the stars.

272 The apparent exception of Castor considered [and the physical con-

nection of the two components is not assumed].

273 The apes of the solar motion defined.

273 As to the quantity of the solar motion I can only offer a few distant

hints.

274 The solar motion can certainly not be less than that which the earth

has in her annual orbit.

274 Future observations will soon throw more light on this interesting

subject, and either fully establish or overthrow the hypothesis.

To this end I have already begun a series of observation upon

several zones of double stars, and should the result of them be

against these conjectures I shall be the first to point out their

fallacy. [Dated at Datchet, near Windsor, Feb. 1, 1783.]

274 Postscript to the paper on the Motion of the Solar System.

Mr. AUBERT has furnished me with Tob. Mayer's Opera Inedita,

which contains a catalogue of 80 stars observed by Mayer in 1756,

compared -with Roemer's observations of 1706.

275 I have used these stars and left out of the list all those whose proper

motions Mayer considers doubtful and the fourteen stars already

examined, and which have been shown to support the hypothesis.

The rest are drawn up in two tables. The first contains the stars

that agree with my assigned motion of the solar system. The sec-

ond contains those stars whose motions cannot be accounted for on

my hypothesis, and must therefore be ascribed to a real motion in

the stars themselves or to some still more hidden cause of a still re-

moter parallax.

[This phrase is explained by a foot-note, as follows:]

276 [Foot-note.] Mr. Michell's admirable idea of the stars being col-

lected into systems appears to be extremely well founded ; though

it does not, in my opinion, take away the probability of many stars

being still, as it were, solitary or intersystematical. Hence there may
be a proper motion of the whole system to which a star belongs.

Examples given of an inhabitant of Saturn^s fifth satellite ; or a

small nebula may consist of many stars and have a proper motion

as a system.

277 [Foot-note.] We see, then, that while the sun is going toward a cer-

tain point of the heavens each of the stars belonging to the sidereal

system, of which the sun is one, will be affected as I have shown

[p. 261] notwithstanding the whole system should have a real mo-

tion in absolute space, and change its position with respect to other

systems or intersystematical stars.
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1783 73 277 [Foot-note.] And should there ever be found, in any particular part
of the heavens, a concurrence of proper motions of quite a different

direction we shall then perhaps begin to form some conjectures as

to which stars may possibly belong to ours and whicJi to other

systems.

278 Discussion of the data of the tables.

279 The general law according to which the declinations of the stars are

governed is this : Let an arc of 90° be applied to the sphere of the

fixed stars so as always to pass through the apes of solar motion.

Then while one end of it is drawn along the equator the other will

describe a closed curve. The law is that all stars in the northern

hemisphere situated within the nodated part will seem to go to the

north by the motion of the solar system ; the rest will appear to go

southward. A similar law applies for the southern hemisphere.

See Fig. 5 and Fig. 6 and the explanation, p. 280.

281 A paragraph of Mayer's [quoted] which seems to contain an objec-

tion against the solar motion is really a good argument in its favor,

as is shown, Mayer's paper was read in 1760, and mentions the

motion of the solar system as a very possible thing, and points out

some of the consequences of such a motion.

283 The foot-note gives a reference to two other papers of the same sort,

one by Wilson (1777), and one by Lalande (1776).

1784 74 233 On the remarlcable appearances at the polar regions of the planet Mars, the

inclination of its axis, the position of its poles, and its spheroidical fig-

ure; tvith a few hints relating to its real diameter and atmosphere. By
William Herschel, Esq., F. R. S. Read March 11, 1784.

234 The polar spots of Mars may aftbrd a good means of '
' settling the in-

clination and nodes of that planet's axis." It was a question to be

settled by observation how far these spots were permanent and iu

what latitude of Mars they were situated.

235 Observations from 1777, April 17, to 1783, Nov. 11. See Plate VI,

where there are 24 drawings.

237 1783, May 20. The polar spot, which is bright, seems to project above

the disk by its splendor.

238 [From observations up to 1783, Sept. 25.] I concluded that none of

the bright spots were exactly at the poles, though not far from them.

241 Appearances explained by graphical constructions, Plates VII, VIII,

IX, X.

243 Table giving the synodical places of the spots at the times of the dif-

ferent observations.

247 Of the direction or nodes of the axis of Mars, its inclination to the ecliptiCf

and the angle of that planet^s equator xcith its own orbit.

248 Observations of angle of position of the polar spots.

252 Method of correcting the observations.

254 Table of resulting corrections.

254 From 13 observations reduced to 1783, October 4, the position of the

axis of Mars was 55° 41' s.f.

256 From 2 observations reduced to 1781, June 25, this position was 75°

ir s. p.

256 The north pole of Mars must be directed towards some point of the

heavens between 9 s. 24° 35' and s. 7° 15'.

258 Method of reducing the elements from the ecliptic to the orbit of Mars.
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of this instrument, and are already, in some respects, pointed out

to me by it.

1784 74 437 By taking more time I should undoubtedly be enabled to speak more
confidently of the interior construction of the heavens and its vari-

ous nebulous and sidereal strata, of which this paper can give only a
few hints.

438 As an apology for this prematurity it may be said that the ead of all

discoveries being communication, we can never be too ready in giv-

ing facts and observations, whatever we may be, in reasoning upon
them.

438 Hitherto the sidereal heavens have been represented by the concave

surface of a sphere. In future we shall look upon those regions

into which we may now penetrate as a naturalist regards a rich ex-

tent of ground containing strata variously inclined and directed as

well as consisting of very diiferent materials.

438 Resolution of the milky way.

439 Number of stars visible in field of the 20-foot telescope.

440 Examination of Messier's nebulae.

442-446 New nebulae have been found with the first 20-foot reflector of 12

inches aperture; figures of some of these given in Plate XVII.

442 Arrangement of nebulae and clusters in strata, sometimes of great

length.

443 Sun near the centre of the milky way. See Plate XVIII.

445 Star gauging defined.

446 Table of results of star gauging from 15^ 01«» to 16^^ 37™ R. A. and from
92° to 94° N. P. D., and ll^^ 16™ to 14^^ 30™ and 78° to 80° N. P. D.

448 The solar motion explained by the situation of the sun in the milky

way.

448 Local distribution of nebulae—nebulae are often surrounded by spaces

vacant of stars.

449 Strata of Cancer and Coma. Berenices described.

449 Although my single endeavors should not succeed in a work which
seems to require the joint effort of every astronomer, yet so much
we may venture to hope that by applying ourselves with all our

powers to the improvement of telescopes, which I look upon as yet

in their infant state, and turning them with assiduity to the study

of the heavens, we shall in time obtain some faint knowledge of,

and perhaps be able partly to delineate, the interior construction

of the universe.

With this memoir is a plate of figures of nebulae. Plate XVII, fig. 1,

M. 98; 2, M. 53; 3, H., ii, 28 [resolvable]; 4, H., i, 18; 5, H, ill, 15;

6, H., iv, 5; 7, H, iv, 2; 8, H, iv, 3; 9, 10; 11, H, i, 13; 12, 13, 14, 15?

Also Plate XVIII, construction of the heavens—cloven disk.

1785 75 40 Catalogue of Double Stars. By William Herschel, Esq., F. R. S.

Read December 9, 1784.

40 Introductory remarks. The great use of double stars having already

been pointed out in a former paper on the Parallax of the Fixed

Stars, and in a latter one on the Motion of the Solar System, I have
' now drawn up a second collection of 434 more, which I have found

out since the first was delivered.

The method of classing them is in every respect the same as that

which is used in the first collection.



BIBLIOGPAPHY OF HERSCHEL'S WRITINGS. 537

Herschel, W.: Synopsis of the Writings of—Contiuued.

A. B. Vol. p.

1785 75 41 Method of identifying and describing the positions of the stars.

43 I would recommend a precaution to those who wish to examine the

closest of my double stars. It relates to the adjustment of the focus.

Supposing the telescope and the observer long enough out in the

open air to have acquired a certain temperature, and the night suf-

ficiently clear, let the focus be readjusted with the utmost delicacy

upon a star known to be single, of nearly the same altitude, magni-

tude, and color as the star to be examined.

44 Let the phenomena of the adjusting star bo well attended to, as to

whether it be perfectly rounded and well defined, or affected with

little appendages, etc. Such deceptions may be detected by turn-

ing or unscrewing the object glass a little in its cell, when those

appendages will be observed to revolve the same way.

44 Being thus acquainted with the imperfections as well as the perfec-

tions of the instrument, and going immediately from the adjusting

star, we may hope to be successful.

45 All the observations here given were made with a power of 460 unless

they are marked otherwise.

45 The measures were all taken with a parallel silk-worm's-thread mi-

crometer and a power of 227 only, from the center of one star to the

center of the other.

46 The threads subtend an ansle of 1" 13'" only.

46 The positions have all been measured with a power of 460 on a mi-

crometer made for me according to the model given in the Phil.

Trans., vol. Ixxi, page 500, fig. 4.

W. Herschel.
[Dated] Datchet, near Windsor, Nov. 1, 1784.

47 Catalogue of Double Stars, First Glass. [Nos. 25 to 97.]

48 [Foot-note. ] Could we increase our power and distinctness at pleasure

we might undoubtedly separate any two stars that are not abso-

lutely in a direct line. * * * This will appear when we con-

sider that perhaps f§ of the diameter of a star are spurious. It

would have been curious if a considerable difference in the colors

could have led us to discover which of the two stars is before the

other ! But by far the greatest part of their diameters being spu-

rious, it is probable that a different-colored light of two stars would

join together where the rays of one extend into those of the other;

and so, producing a third color by the mixture, still leave the ques-

tion undecided.

51 [Foot-note.] The interval between very unequal stars estimated in

diameters generally gains more by an increase of magnifying power

than the apparent distance of those which are nearer of a size.

However, this only seems to take place when there is a difficulty of

seeing the object well with a low power.

65 Second Class of Double Stars. [Nos. 39 to 102.]

[Foot-note, j When the small star is so faint as not to bear the least

illumination of the wires, its position may still be measured by the

assistance of some wall or other object ; for an eye which has been

some time in the dark can see a wall in a starlight night sufficiently

well to note the projection of the stars upon it in the manner which

has been described with the lamp micrometer. Then introducing

some light, and adapting the fixed wire to the observed direction
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of the stars on the wall, the moveable wire may be set to the par-

allel of the large star, which will give the angle of jjosition pretty-

accurately.

1785 75 78 Third Class of Double Stars. [Nos. 47 to 114.]

82 [Foot-note.] With regard to small stars that become visible by an in-

crease of magnifying power, we may surmise that it is partly owing

to the greater darkness of the field of view arising from the increased

power, and partly to the real eifect of the power.

83 [Foot-note.] The prismatic power of the atmosphere, of which little

notice has been taken by astronomers, is that part of its refractive

quality whereby it disperses the rays of light and gives a lengthened

and colored image of a lucid point. It is very visible in low stars;

Fomalhaut, for instance, affords a beautiful prismatic spectrum [ex-

periments given], which explain also why a star is not always best

in the center of the field of view ; a fact I have often noticed before

I knew the cause.

91 Fourth Class of Double Stars. [Nos. 45 to 132.]

105 Fifth Class of Double Stars. [Nos. 52 to 137.]

118 Sixth Class of Double Stars. [Nos. 67 to 126. ]

126 Additional Errata to the Catalogue of Double Stars, Phil. Trans., vol.

Ixxii.

126 Plate V gives figures of 44 Lyncis and fi Aurigoe.

1785 75 213 On the Construction of the Heavens. By William Herschel, Esq., F.

K. S. Read Feb. 3, 1785.

213 In an investigation of this delicate nature we ought to avoid two op-

posite extremes. If we indulge a fanciful imagination and build

worlds of our own, we must not wonder at our going wide from the

path of truth and nature. On the other hand, if we add observa-

tion to observation, without attempting to draw not only certain

conclusions but also conjectural views from them, we offend against

the very end for which only observations ought to be made. I will

endeavor to keep a proper medium, but if I should deviate from that,

I could wish not to fall into the latter error.

214 Theoretical view of the formation of nebulis.

Form I. Condensation of neighboring stars about a central and larger

star
;
globular forms.

215 Form II. Condensation of neighboring stars about a nucleus of con-

tiguous stars ; condensed irregular forms.

Form III. Condensation about a stream of stars, producing a form

coarsely similar to the prototype : extended, branching, compound

forms.

216 Form IV. Compound forms derived from the mutual attraction of

clusters.

V. Vacancies will then arise in the surrounding space.

Objection to the above views ; they tend to show a gradual destruc-

tion of the universe. Response, that space is infinite and that the

occasional destruction of one star may ox>erate to give life to the

rest.

217 Optical appearances to an observer within a nebula of the third form.

219 Results of observation—star gauges.

221-240 Gauges throughout the 24"^ in R. A. Results given in detail in a

Table.
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1785 75 241 The stars being supposed to be nearly equally scattered, and their

number in a field of view of known angular diameter being given,

to determine the length of the visual ray. Solution of the problem.
243 Another solution.

244 We inhabit the planet of a star hdontjing to a Compound Nebula of the

third form.

244 Proof that the sun is situated in a compound nebula of Form III.

250 Use of the gauges.

253 Section of our sidereal system.

254 The origin of nebulous strata.

256 An Opening in the Heavens. M. 80 and M. 4 on the edges of vacancies.

257 Phenomena at the Poles of our nebula.

258 Enumeration of very compound nebula; or milky ways. Ten described, in-

cluding those of Orion and Andromeda.

263 A Perforated Nebu la or Ring of Stars. Account of nebula of Lyra. G. C.

,

4447.

Planetary nebula;. Observations of G. C, 4628, 4964, 4572, 4565, 826,

2102, 4302.

266 The accompanying ijlate, viii, gives a figure of a section of the milky
way.

1786 76 457 Catalogue of one thousand New Nebula and Clusters of Stars. By WiL-
LIAJI Herschel, LL. D., F. R. S. Read April 27, 1786.

457 Description of sweeping telescoi)e ; Newtonian ; 20 feet focus, 18.7 in.

aperture, power 157, field 15' 14".

458 Description of the method of sweeping.

464 Probable errors of the places given by the sweeps before 1783, Dec.

13, Aa=l™; AS S'-W, during 1784 Aa:<303; a5 <5'.

Till 1785, September 24, Aa< 12' ; AS < 4'.

Till 1786, April, Aa<6^; A(5 < 2'.

466 When the diurnal motion of the earth was first maintained it could

not but add greatly to the reception of this opinion when the

telescope showed Jupiter, Mars, and Venus revolving on their axes

;

in the same way the view of so many sidereal systems will add
credit to what I have said in regard to the construction of the

heavens. For to the inhabitants of the nebulae of the present cata-

logue our sidereal system must appear either as a small nebulous

patch ; an extended streak of milky light ; a large resolvable neb-

ula ; a very compressed cluster of minute stars, hardly discernible
;

or as an immense collection of large scattered stars of various sizes,

according as their situation is more or less remote from ours.

466 Definition of classes of nebulae and clusters.

467 A map of positions of nebulae was made for identification [by means

of which the laws of aggregation of the nebulae were gradually dis-

covered].

469 Explanation of a short method of describing the appearance of a neb-

ula by letters.

471
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494 Class VI No. 1 to No. 19

496 VII No. 1 to No. 17

496 Vm No. 1 to No. 40

498 Notes to special nebulae.

1780 76 500 Investigation of the cause of that indistinctness of vision which has been

ascribed to the smallness of the optic pencil. By William Herschel,
LL.D., F. R. S. Read June 22, 1786.

500 Soon after my first essay of using liigh powers with the Newtonian

telescoiie, I began to doubt whether an opinion which has been en-

tertained by several eminent authors '
' that vision will grow indis-

tinct when the optic pencils are less than the fortieth or fiftieth

part of an inch " would hold good in all cases.

I perceived that, according to this criterion, I was not entitled to see

distinctly with a power much more than about 320 in a 7-foot tele-

scope of an aperture of 6.4 inches; whereas in many experiments

I found myself very well pleased with magnifiers which far ex -

ceeded such narrow limits.

This induced me, as it were, by way of apology to myself for seeing

well where I ought to have seen less distinctly, to make a few ex-

periments.

501 The first experiments I made were in 1778, and the result of them
proved so decisive that I have never since resumed the subject,

and had it not been for a late conversation with some ofmy highly

esteemed and learned friends, I might probably have left the

papers on which these experiments were recorded among the rest

of those that are laid aside when they have afforded me the infor-

mation I want.

501 Experiments with the naked eye.

502 Microscopic experiments.

Exp. 3. With a pencil of ^^ of an inch I saw very distinctly.

503 Exp. 4. With a pencil of y^ of an inch I saw very distinctly.

Exp. 5. With a pencil of rwm of an inch I saw very distinctly.

Exp. 8. With a pencil of -^rs of an inch I saw very distinctly.

504 Exp. 10. It occurred to me that a certain proportion of aperture

might be necessary to a given focal length of an object-glass or

speculum.

505 Exp. 10, 11, 12, 13, show that to see well in microscopes like the one

used, the aperture of the object glass must bear a considerable

proportion to its focal length.

505 Exp. 15 shows that ^th part of the focal length is not a sufficient

aperture.

507 As soon as convenient I intend to pursue this subject; at present my
engagement with the work of a 40-feet reflector will hardly permit

so much leisure, and till I have repeated, extended, and varied

these experiments, I would wish them to be looked upon as mere

hints.

1787 77 4 Eemarlcs on the new Comet, In a letter from William Herschel, LL.

D., F. R. S., to Charles Blagden, M. D., Sec. R. S. Read Nov.

16, 1786. [Dated Slough, near Windsor, Nov. 15, 1786.] [This

comet was discovered by Carolina Herschel, August 1, 1786,

• during the absence of William Herschel on a visit to Germany.

It was comet 1786, II.]
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1787 77 125 An account of the discovery of tiro satellites revolving round the Georgian

Planet. By William Herschel, LL. D., F.R. S. Read Feb. 15, 1787.

125 I had frequently directed large telescopes to this remote planet to see

if it were attended by satellites, but failed for the want of sufficient

light in the instruments I used.

126 In the beginning of [January, 1787] I found that my telescope used as

afront view gave much more light. On the 11th of January I selected

a sweep which included the Georgian Planet, and noted down the

places of the small stars near it. The next day two of these were

missing. To satisfy myself I noted down all the small stars on the

14th, 17th, 18th, and 24th of January, and the 4th and 5th of Feb-

ruary, and though I had no longer any doubt of the existence of at

least one satellite, I thought it right to defer this communication

till I could see it actually in motion. Accordingly I began to pur-

sue this satellite on February the 7th, at about 6 o'clock in the eve-

ning, and kept it in view till three in the morning on Feb. the 8th,

and during those nine hours I saw this satellite faithfully attend its

primary planet and describe a considerable arc of its proper orbit.

126 While I was attending to the motion of this satellite I did not forget

to follow another small star which I was pretty well assured was

also a satellite.

127 The first-discovered satellite [06ero«] is the farthest from the planet

and I shall call it \he second satellite; the last-discovered [T/to/tm] I

shall call theirs* satellite.

127 I made a sketch on paper to point out beforehand the situation of

these satellites on Feb. 10, and [on that night] the heavens dis-

played the original of my drawing by shewing, in the situation I

had delineated them, the Georgian Planet attended by two satellites.

I confess that this scene appeared to me with additional beauty as

the little secondary planets seemed to give a dignity to the primary

one which raises it into a more conspicuous situation among the

great bodies of our solar system.

128 I suppose the first performs a synodical revolution in about 8f days,

the second in nearly 134- days. Their orbits make a considerable

angle with the ecliptic.

129 Attempts to measure them with my micrometers have so far failed.

I have nevertheless several resources in view and do not despair of

succeeding pretty well in the end.
^^^ Herschel.

[Dated] Slough, near Windsor, February 11, 1787.

1787 77 229 An account of Three Volcanoes in the Moon. By W^illiam Herschel,

LL. D., F. R. S.; communicated by Sir Joseph Banks, Bart., P. R.

S. Read April 26, 1787.

229 The phenomena of nature are to be viewed not only with the usual

attention to facts as they occur, but with the eye of reason and ex-

perience. In this we are not allowed to depart from plain appear-

ances. Thus when we see on the surface of the moon a great num-

ber of elevations from half a mile to a mile and a half in height we

are strictly entitled to call them mountains ; but when we attend

to ^heir particular shape, in which many of them resemble the

craters of our volcanoes, and thence argue that they owe their

origin to the same cause which has modeled many of these, we may

be said to see by analogy, or with the eye of reason.

3h
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1787 77 229 In this latter case, tliougli it may be convenient to use expressions

whicli can only be justified by reasoning upon the facts themselves,

it will certainly be the safest way not to neglect a full description

of tliem, that it may appear to others how far we have been author-

ized to use the mental eye.

1787 77 230 April 19, 1787, Idl^ 36'" sidereal time, three volcanoes seen ; April 20,

1787, 10^ 2™ sidereal time, one of the three bums with greater vio-

lence than last night. The diameter of the volcano is twice that

of Jupiter's satellite III.

231 The appearance of the actual fire exactly resembled a small piece of

burning charcoal when it is covered with a very thin coat of white

ashes. All the adjacent parts of the volcanic mountain seemed to

be faintly illuminated by the eruption and were gradually more

obscure as they lay at a greater distance from the crater. This

eruption resembled much that which I saw on the 4th of May, 1783,*

an account of which I shall shortly lay before the society.

William Herschel.

[Dated] Slough, near Windsor, April 21, 1787.

232 Note on M. MiiICHAin's comet. [1787, I.]

1787 77 364 On the Georgian Planet andits satellites. By William Herschel, LL. D.

F. R. S. Read May 22, 1788.

In a former paper I gave the periodical times of two satellites revolv-

ing round the Georgian Planet in a general way. While it requires

a much longer series of observations than I have had an opportu-

nity of making to settle their mean motions with accuracy, I shall

communicate the result of my past observations, and believe that

the elements here delivered will be found to be full as accurate as

we can at this time expect.

365 Methods of measuring angles of position which were employed.

365 Synodical revolution of Satellite I = 8^ 17i^ I'" 19.3». \_TUama.'\

365 Synodical revolution of Satellite II = 13<i ll'' 5™ 1.5». [O&cj-ow.]

366 Other elements.

368 Mass of [ Uranus'} is 17.740612 times the earth's mass.

369 Diameter of [ Uranus'} is assumed 4".04625.

370 Difficulties in making the measures of satellites stated.

371 Measures of Satellite I and discussion of these.

376 The light of these satellites is uncommonly faint. The second \^Oheron'\

is the brighter of the two, but the difference is not considerable.

377 Elements of the orbits. W. Herschel.
378 Plate V of diagrams. [Dated] Slough, March 1, 1788.

1789 79 151 Observations on a Comet. In a letter from William Herschel, LL. D.,

F. R. S., to Sir Joseph Banks, Bart., P. R. S. Read April 2, 1789.

Letter dated Slough, March 3, 1789. [This was comet 1788, II.]

151 The comet was discovered by Carolina Herschel, December 21,

1788, and positions of it on December 22, 1788, are given.

153 No solid nucleus, even so small as 1", could be seen, and the same fact

has been observed by me in three other comets.

1789 79 212 Catalogue of a second thousand of Neto Nehxdce and Clusters of Stars;

with a few introductory Remarhs on the Construction of the Heavens.

By William Herschel, LL. D., F. R. S. Read June 11, 1789.

213 A telescope has i^ower to penetrate into space. Proof that every star

is a sun shining by its native brightness.

This observation is reported by Baron von Tach in Body's Jahrbuch, 1788, p. 144.
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1789 79 214 Systems of stars—globular clusters and definition of a cluster.

216 Admitting that a cluster is real, not apparent, the stars composing it

are about of equal magnitude.

217 At the same distance from the centre an equal scattering takes place.

217 These clusters are of a globular form.

218 They are more condensed at the centre than at the surface.

219 Form I of nebulie IPhil. Trans., 1785, p. 214], is thus shown to exist

in the heavens.

219 Such clusters are subject to central powers.

220 The idea of other central forces [than that of gravity] in the construc-

tion of the sidereal heavens, was given in certain mathematical
papers delivered to the Philosophical Society of Bath [and is yet

entertained].

221 Not only were round nebula and clusters formed by central i)owera,

but likewise every cluster of stars or nebula that shows a gradual
condensation, or increasing brightness towards a centre.

222 This theory of central power is fuUy established on grounds [of

observation] which cannot be overturned.

223 Clusters can be found of 10' diameter with a certain degree of com-
pression and stars of a certain magnitude, and smaller clusters of
4' 3' 2' in diameter, with smaller stars and greater compression, and
so on through resolvable uebuke by imperceptible stej)s, to the

smallest and faintest [and most distant] nebulae.

224 Other clusters there are, which lead to the belief that either they are

more compressed or are composed of larger stars. Spherical clus-

ters are probably not more different in size among themselves than

different individuals of plants of the same species. As it has been

shown that the spherical figure of a cluster of stars is owing to

central powers, it follows that those clusters which, cceteris paribiis,

are the most complete in this figui-e, must have been the longest

exposed to the action of these causes.

225 The maturity of a sidereal system may thus be judged from the dis-

position of the component parts. Planetary nebula) may be looked

on as very aged.

226 This method of viewing the heavens seems to throw them into a new
kind of light. They are now seen to resemble a luxuriant garden

which contains the greatest variety of productions in different

flourishing beds ; and one advantage we may at least reap from it

is that we can, as it were, extend the range of our experience to an

immense duration. For, is it not almost the same thing whether

we live successively to witness the germination, blooming, foliage,

fecundity, fading, withering, and corruption of a plant, or whether

a vast number of specimens, selected from every stage through

which the plant passes in the course of its existence, be brought at

once to our view ?

William Herschel.

[Dated] Slough, near Windsor, May 1, 1789.

No. 94 to No. 215

No. 403 to No. 768

No. 377 to No. 747

No. 30 to No. 58

No. 25 to No. 44

No. 20 to No. 35

226 C
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1789 79 251 Class VII No. 18 to No. 55

253 VIII No. 41 to No. 78

255 Notes.

255 P. S.—The planet Saturn has a sixth satellite revolving round it ia

about 32 hours 48 minutes. Its orbit lies exactly in the plane of

the ring. An account of its discovery with the 40-foot reflector,

etc., will be presented to the Royal Society at their next meeting.

William Herschiil.

1790 80 1 Account of the discovery of a sixth and seventh satellite of ike planet

Saturn; with remarks onthe construction of its ring, its atmosphere, its

rotation on an axis, and its spheroidical figure. By William Her-
schel, LL. D., F. R. S. Read November 12, 1789.

1 In a postscriiit to my last paper I announced to the Royal Society the

discovery of a satellite of Saturn. I have now the honor to present

them, with an account of two satellites instead of one, and I have

called them the sixth and seventh, although their situation very

jjrobably entitles them to be called the first and second.

2 These have not been before discovered on account of the difficulty of

seeing them with a less telescope than the 40-foot.

2 I began to observe Saturn in 1774, and on March 17 I saw it with a

.5^-foot reflector, as in Plate I, fig. 1. Fig. 2 shows it on April 3,

1774, without its ring. In 1775 I saw the ring gradually open

(using a 7-foot reflector). Fig. 3, Plate II, shows the appearance

178i [should be 1778], June 20 (with a very good 10-foot reflector).

3 The black belt on the ring of Saturn is not in the middle of its

breadth, nor is the ring subdivided by many such lines, but there

is one single, considerably broad belt ujion the ring which is per-

manently in its place.

3 My observations show that this belt (at least on the north half of the

ring, where I have alone observed it) is not like the belts of Jupiter

or those of Saturn, subject to variations of color or figure, but is

most probably owing to some permanent construction of the surface

of the ring itself.

3 It is not the shadow of a chain of mountains, since it is visible all

round the ring. The same argument will hold good against sup-

posed caverns or concavities. It is pretty evident that it is con-

tained between two concentric circles. See fig. 4, Plate II, drawing

of 1780, May 11.

4 As to the surmise of two rings, it does not appear eligible to venture

on so artificial a construction, by way of explaining a phenomenon,

which does not absolutely demand it.

4 As yet we do not know of any rotation of the ring which may be of

such a proper velocity as [might lend some support to the idea of

two detached rings].

5 If the southern side of the ring should be differently marked, it would
negative the idea of two rings. Even if it should be marked the

same in every respect, it would be best to wait for the occultation

of some considerable star by Saturn, when, if the ring be divided,

it will be seen between the openings of the ring, as well as between

the ring and Saturn.

5 We may certainly affirm that the ring is no less solid than the planet

itself. The reasons which prove the solidity of one serve to prove

that of the other.
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1790 BO 5 The mass of tlie planet, as determined from the satellites, includes

that of the ring; and the ring produces irregularities in the mo-

tions of the satellites, as does also the oblateness of tlie ball of the

planet.

5 The light of the ring is brighter than that of the planet. [Proof

given.]

6 The ring is extremely thin for

—

1789, July 18, ITethys'] was thicker than the ring;

, July 23, [I)ione'\ was twice as thick as the ring;

J
July 27, lEnccladns'] was thicker than the ring;

^ August 29, IMimas'i was thicker than the ring

;

1789 Oct. 15: the ring was barely visible in the 40-foot reflector,

but lEnceladus'] was visible about the middle of the preceding

arm.

1789, Oct. 10: I followed IMimas and Enc4:ladus'] up to the very

disc of the planet.

7 A suspicion arises that by a refraction through some very rare atmos-

phere on the ring the satellites might be lifted up and depressed so

as to be visible on both sides of the ring.

8 The edge of the ring is very probably not square, but spherical or

spheroidical.

8 The ring cannot possibly disappear on account of its thinness.

8 I formerly supposed the surface of the ring to be rough, owing to

9 luminous points like mountains seen on the ring, till one of these

supposed luminous points was kind enough to venture off the edge

of the ring and appear as a satellite. As I had noted all such in-

equalities I could calculate all such surmises, and I have always

found these appearances to be due to satellites.

9 Upon the whole, I cannot say that I had any one instance that could

induce me to believe the ring was not of a uniform thickness
;
that

is, equally thick at equal distances from the centre and of an equal

diameter throughout.

10 Strong suspicions of the existence of a sixth satellite I have long en-

tertained. I saw it 1787, August 19. I was then busy with the

Georgian satellites.

10 In 1788 my 20-foot speculum was much tarnished.

10 The very first moment I turned my 40-foot telescope on Saturn, 1789,

August 28, I saw six satellites, and on September 17 I detected the

seventh satellite.

11 From many observations of the sixth satellite [Enceladus-i I find its

sidereal revolution 1" 8" 53™ 9^, and by computation its distance

35".058. Its light is considerably strong, but not equal to that of

12 The seventh satellite [Mimas} makes one sidereal revolution m 2.

40™ 46^; its distance (computed) is 27".3C6.

12 It is incomparably smaller than lEnceladus^ and even in the 40-foot

reflector appears no bigger than a very small lucid point; to which

the exquisite figure of the speculum not a little contributes.

13 The orbits of these two satellites are exactly in the plane of the ring.

13 Observations of the belts and figure of Saturn from April 9, l/7o, to

Sept. 8, 1780, and reference to [rough] figures are here given.

15 We may Araw two conclusions from these : First, Saturn has probably

a very considerable atmosphere. The changes m the belts show

S. Mis. 31 35
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this, and also the hanging of the satellites on the lirab ; the time
of hanging on the limb for Mimas has actually amounted to 20

minutes. This would denote a refraction of about 2" [provided,

etc.].

1790 80 16 The second conclusion is that Saturn turns on an axis perpendicular

to the ring. The x^roof depends on the position of the belts which
for 14 years have been [nearly] always equatorial.

17 Another reason is that Saturn, like Jupiter, Mars, and the earth, is

flattened at the poles, and therefore ought to be supposed to turn

on its axis. [Observations 1776, July 22, to 1789, Sept. 14, given.]

On the last date equatorial diameter 22". 81 (4).

polar diameter 20".61 (4).

18 The equatorial is to the polar diameter nearly as 11 to 10.

18 One beautiful observ.ation of the transit of \_Titan'\ over the disc I

must add, of 1789, November 2.

William Herschel.
[Dated] Slough, near Windsor, November 3, 1789.

1790 80 427 On the Satellites of the planet Saturn and the rotation of its Ring on an

Axis. By William Herschel, LL. D., F. R. S. Read June 7, 1790.

427 The observations to be given extend from July 18 to Dec. 25, 1789.

On calculating the appearances of bright luminous points on the

ring, I found that all of them could not be accounted for by satel-

lites.

428 The question, then, is, what to make of these protuberant points ?

428 To admit two or three more satellites appears too hazardous. And
yet a suspicion of at least one more satellite would often return.

428 The observations of each satellite have been separated, and at least

one observation of each has been calculated for each night.

429 Fig. 1, Plate XIX, p. 494, gives a scheme of the orbits. Explanation

of this figure and of the tables,

432 Observations on thefifth satellite of Saturn [Japetus'}.

438 Observations on the fourth satellite of Saturn \_Titan'\.

441 1789, Nov. 2. Transit of Titan's shadow.

444 Observations on the third satellite of Saturn [Shea'].

447 1789, Oct. 16. The color of Bhea is inclining to blue.

450 Observations on the second satellite of Saturn [Dione].

1789, Se^it. 25. Probable occultation of Dione by Tethys.

456 Observations on the first satellite of Saturn ITethys].

463 Observations on the sixth satellite of Saturn lEnceladus],

1789, Oct. 16. Occultation by Saturn.

473 Observations on the seventh satellite of Saturn [MimasJ.

1789, Oct. 16. Occultation by Saturn.

478 The motions of these 7 satelUtes are so well known that no shape of

lucid spot, protuberant point, or latent satellite can be occasioned

by any one of them without our knowing it. I found that the ob-

servations to be given presently could not be exj^laiued by any of

the known satellites.

478 The first idea was of another satellite interior to the 7th ; and if a

revolution slower than about 15J hours could have been found to

account for most of the places where the bright spots were seeji,

I should have believed these to be caused by an 8th satellite. This

being impracticable, I examined what would be the result if these

bright i)oints were attached to the plane of the ring.
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1790 80 479 As obsiTvations, carefully made, should always take tlie lead of theo-

ries, I shall not he concerned if what I have to say contradicts what
has been said in my last paper.

479 A lucid and apparently protuberant point may exist without any
great inequality in the ring. A vivid light, for instance, will seem
to project greatly beyond the limits of the body upon which it is

placed.

479 The brightest and best-observed spot agrees to a revolution of 10^ 32™

15^4 at a distance of 17".227, i. e., on the ring. Therefore, unless

the ring is fluid, or has a gi-oove in it, so as to let the satellite re-

volve in it, we ought to admit a revolution of the ring itself.

480 It seems almost proved that the consistence of the ring is not less than
the body of Satiirn ; consequently no sufficient degree of fluidity

can be admitted.

481 Observations not accounted for iy satellites [are given],

487 Epochs of six of the satellites given.

487 Period of Enceladus l^ 8^ 53™ 8^9 ; distance 36".7889.

" ''Mimas 0^ 22i^ 37™ 22^9 ; " 28".6689.

488 Tables for the seven satellites of Saturn.

495 Example of the use of the tables.

1791 81 71 On Nebulous Stars, 2)roperly so called. By William Herschel, LL.D.,

F. R. S. Read February 10, 1791.

71 In one of my late examinations of the heavens I discovered a star of

about the 8th magnitude, surrounded with a faintly luminous atmosphtra

of a considerable extent.

71 The name nebulous stars was incorrectly used in former tim^s.

71 The milky way itself consists entirely of stars.

72 Nebulas can be selected so that an insensible gradation shall take place

from a coarse cluster like the Pleiades down to a milky nebulosity

like that in Orion, every intermediate step being represented. This

tends to confirm the hypothesis that all are composed of stars more

or less remote.

73 A comparison of the two extremes of the series, as a coarse cluster and

a nebulous star, indicates, however, that the nebulosity about the star

is not of a starry nature.

74 Summary of the reason which formerly led to the belief that all

nebulae were clusters more or less remote.

Basis for the ideas of connection and disjunction of stars and nebulne.

75-77 Particular examj)les of such supposed conjunctions and disassocia-

tions. Telescopic milky way of over 60 square degrees.

The trapezium of Orion is unconnected with the nebula.

78-82 Notes of observations on nebulous stars and consideration of the re-

lation of the nucleus to the envelope in each case.

83 Considering H, iv 09, [= G. C. 810,] as a typical nebulous star, and

supposing the nucleus and chevelure to be connected, we may, 1st,

suppose the whole to be of stars, in which case either the nucleus is

enormously larger than other stars of its stellar magnitude or the

envelope is composed of stars indefinitely small; or, 2d, we must ad-

mit that the star is involved in a shining fluid of a nature totally

unknown to us.

84 Perhaps it has been too hastily surmised that all milky nebulosity ia

owing to starlight only.
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The telescopic milky way is probably composed of this sliiniiig fluid,

whicli must commence somewhere about the range of the stars of

the 7th magnitude, and extend to the regions of the 9th, 10th, 11th,

and 12th.

1791 81 85 The shining fluid might exist independently of stars. The light of

this fluid is no kind of reflection from the star in the center. If this

matter is self-luminous, it seems more fit to produce a star by its

condensation than to depend on the star for its existence.

86 List of diffused nebulosities and planetary nebuhe ; both better ac-

counted for by the hypothesis of a shining fluid than by supposing

them to be distant stars.

Regeneration of stars from planetary nebulae.

87 How far the light-coriiuscles emitted from millions of suns may be

concerned in this shining fluid it is not necessary to inquire. We
need not know the origin of the luminous matter whose existence

is rendered evident by means of nebulous stars.

W. Herschel.
[Dated] Slough, January 1, 1791.

1792 82 1 On the Ring of Saturn and the rotation of the fifth satellite upon its axis.

By WiLTjAM Herschel, LL. D., F. R. S. Read December 15, 1791.

1 In a former paper (Phil. Trans., vol. Ixxx, p. 4) I spoke of the sur-

mise of a division in Saturn's ring with proper doubts. My late

views of the southern side of the ring and the discovery of its quick

rotation enable me to speak decisively.

2 The black division is always of the same breadth if we leave out of

account certain very small variations which I have occasionally

observed.

3 Observations on the Ring of Saturn (from 1790, Sept. 7, to Oct. 24).

4 From these and fonner observations I think myself authorized now
to say that the planet Saturn has two concentric rings. * * *

5 The relative dimensions of the rings and spaces are given in a table.

5 This opening in the ring (which is some 2,513 miles in width) must
be of considerable service to the planet, in reducing the space that

is eclipsed by the shadow of the ring.

6 It becomes a question if both rings revolve in the same time. The
period formerly given (Phil. Trans., Ixxx, p. 481), belongs to the

outer ring. The former observations indicate that the inner riug

revolves with great velocity on its axis, but are not sufficient to

determine the period.

7 It is quite probable that there should be a small difference in the

periods of the two rings.

7 A memoir (in Histoire de V Academie Royale des Sciences de Paris, 1787,

p. 249— ) refers to observations of many divisions of the ring of

Saturn.

8 My own observations of Saturn since 1774 contain only four where
any other black- division upon the ring is mentioned than the one

I have constantly observed. These 4 observations were in 1780

—

(see Plate I, figs 1, 2, 3.)

9 Saturn was then in the very best situation for viewing the plane of

the ring, but I have hitherto set these observations aside as

wanting more confirmation.

9 Observations have been made by M. Cassini, Mr. Short, and Mr.

Hadley [and are referred to].
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1702 82 11 It does not appear to me that tliore is a sufficient ground for admit-

ting the ring of Saturn to be of a very changeable nature.

11 Measures of the diameter of the outer ring, reduced to the mean dis-

tance of <Sa<«r?i from the earth; 46".832; 47".241 ; 45".803;

13 On the rotation of the fifth satellite of Saturn, on its axis.

The lifth satellite [Japctus} is subject to a change of brightness ; this

having been noticed by other observers I did not at iirst pay so

much attention to it as it deserved. I afterwards followed this satel-

lite with great attention and marked all its changes of apparent
brightness.

13 The result of many observations is as follows: The light of the satel-

lite is in full splendor during the time it runs through that part of

its orbit, which is between 68 and 129 degrees past the inferior con-

junction. In this arc it does not fall above one magnitude short of

the brightness of ITitau'],

14 From about 7° past the opposition till towards the inferior conjunc-

tion it is not only less bright than [^Rhea'j but hardly, if at all, ex-

ceeds [_Dione']; or even ITethys^ at elongation. Such a change

among the fixed stars and to the naked eye would be from the 2d

to the 5th magnitude.

14 It is now evident that the time of its rotation on its axis cannot dilfer

much from the time of its revolution about Saturn ; notwithstand-

ing that the light of the satellite has suffered an occasional change

of short duration from other causes.

14 But I may go further and ascertain upon sufiicieut grounds, that this

satellite turns once upon its axis exactly in the time it performs

one revolution. This degree of accuracy is obtained by taking in

the observations of M. Cassixi in Memoires de VAcad. Roy. des Sci-

ences, 1705, p. 121
;
(see, also, 1707, p. 96), and those of M. Bernard,

op. cit., 1780, p. 378.

10 Joining all these I conclude that the 5th satellite of Saturn turns upon

its axis once in 79 days 7 hours and 47 minutes.

10 I cannot help reflecting with some i)leasure on the discovery of an

analogy which shows that a certain uniform plan is carried on

among the secondaries of our solar system; and we may conjecture

that probably most of the satellites are governed by the same law,

especially if it be founded on such a construction of their figure as

makes them more ponderous toward their primary planets.

17 From the changes in [Jajjetus'i we may conclude that some part of its

surface, and this by fiir the largest, reflects much less light than

the rest ; and that neither the darkest nor the brightest side of the

satellite is turned toward the planet, but partly one and partly the

other, though probably less of the bright side.

17 The great regularity of this change of brightness seems to point out

another resemblance of this satellite with our moon. We see the

spots on the moon of pretty nearly the same brightness, so as not

to be overcast in a very strong degree by dense clouds to disfigure

them, and therefore have great reason to surmise that her atmos-

phere is extremely rare ; in like manner we may supx^ose the atmos-

phere oiJapetus as rare as that of our moon.

17 On the distance of the fifth satellite.

Jlauy measures have been made for the purpose of getting the mass.

They begin 1791, Sept. 25, and end Oct. 1.
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1792 82 23 Miscellaneous observations. By AVilliam Hekschel, LL. D., F. R. S.

Read. December 22, 1791.

23 Account of a Comet. [1792, I.] This was discovered by Carolina
Herschel, 1791, Dec. 15. Examined Dec. 16 with a 20-foot re-

ilector; brief description and position for Dec. 10.

24 On the periodical appearance of o Ceti.

25 331 days IQi^ W^ is its period.

26 On the disappearance of the hhth Herculis.

1781, Oct. 10, I examined both 54 and 55 Herculis; again 1782, April

11 ; 1790, May 24, 55 Herculis was missing, and although looked for

has not again been seen.

27 Remarlcahle Phenomena in an eclipse of the Moon.

1790, Oct. 22, when the moon was totally eclipsed I viewed the disc

with a 20-feet reflector with power 360. In several parts of it I

perceived many bright, red, luminous points. Most of them W' re

small and round, at least 150 of them. Their light did not much
exceed that of Movs Porphyrites Hevelii.

We know too little of the surface of the moon to venture at a surmise

of the cause from whence the great brightness, similarity, and re-

« markable color of these points could arise. (Dated) Slough, De-

cember 17, 1791.

1793 83 201 Observations on the Planet Venns. By William Herschel, LL. D.,

F. R. S. Read June 13, 1793.

201 A series of observations on Venus begun in April, 1777, has been con-

tinued down to the present time. The lirst object of the research

was to determine the diurnal rotation, for the observations of Cas-

SINI and Bianchini can leave no doubt but that it has a rotation

on its axis; the second was the atmosphere of Venus, of tin', exist-

ence of which, after a few months' observations, I coukl not enter-

tain the least doubt ; and third, the investigation of the real diam-

eter. To which may be added an attention to the construction of

the planet with regard to permanent appearances, such as might be

asciibed to seas, continents, or mountains.

202 The result of my observations would have been communicated long

ago if I had not flattered myself with the hope of some better suc-

cess concerning the diurnal motion of Venns, which has still eluded

my constant attention as far as concerns its period and direction.

202 Even at this present time I should hesitate to give the following ex-

tracts if it did not seem incumbent upon me to examine by what

accident I came to overlook mountains in this planet '^ of such enor-

mous height as to exceed four, Jive, or even six times the perpendicular

elevation of Chimborago, the highest of our mountains." [Quoted from

Schroeter, Phil. Trans. 1792, p. 337.]

202 The same paper contains other particulars concerning Venus and

Saturn. AU of which being things of which I have never taken

any notice, it will not be amiss to show by what follows that neither

want of attention nor a deficiency of instruments could occasion my
not perceiving tliese mountains of moi-e than 23 miles in height; this

jagged border of Venus; and these flat spherical forms on Saturn.

203 Before I remark on the rest of the extraordinary relations above men-

tioned I will give a short extract of my observations of Venus.

203 Observations from 1777, April 17, to 1793, May 20.
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1793 83 204 The observations and drawinjis (one .uiven in Plate XXII, fig 1), HrtO,

Jnuo 19, 21, 23, 24, 25, 26, 28, 29, 30, and July 3, showed that Venus

has a motion on her axis, and as evident ly that she has an atnios|)hore.

206 1789, Nov. 30: no satellite visible; ii" she has one it must be below H

or 9 niagnitnde.

206 Two measures of the diameter, 1791, Nov. 24.

215 My observations show that the atmosphere of Ven us is of Tunch greater

extent or refractivepower than as given in the paper [ofSen UOKTF.R. ]

216 As to the mountains in Veints, I may venture to say tlnxt no eye which

is not considerably better than mine, or assisted by nmch l)etter iu-

strnments, will ever get a sight of them.

217 The diameter of Fenus at the mean distance of the earth is 18".79.

218 The appearance of the luminous border of Venus as I have described

it, i. c, suddenly much brighter all around the limh, has not been noticed

by the author we have referred to.

218 The cause of this appearance may probably be ascribed to the atmos-

phere of Venus, which is probably replete with matter that retlects

and refracts light copiously. Therefore on the border, where we

have an obli(iue view, there will be an increase of this appearance.

1794 84 28 Observations of a qniniupJe belt on the Planet Saturn. By William

Herschel, LL. D., F. K. S. Read December 19, 1793.

28 In some of my former papers I have established the spheroidical form

of Saturn and pointed out the motion of a spot on its disc. From

the first we infer a rotation on its axis ; the second shows that it

has such a motion.

My late observations seem to hint to ns that the period of rotation is

not of long duration.

28 Observations of the (luintuple belt ; see Plate VI, fig. 1.

30 Observations of belts on Jupite)-; see Plate VI, fig. 2, tig. 3.

31 Belts are connected with the rotation of the planets. Since then it

appears that the belts of Saturn are very numerous, like those ot

Jupiter, and are also placed in the direction of the longest diameter

of the planet, it may not be without some reason that we niter the

period of the rotation of the former to be short like that ot the

latter.

31 I have never seen parallel belts on Mars nor on Venus.

1794 84 39 Account of some particulars observed during the late erUpse of the sun.

[1793, September 5.] By William Herschel, LL. D., 1. K. te.

Read January 9, 1794.

39 Observations. See Plate VII, figs. 1, 2, 3.

39 At first contact two mountains of the moon were seen on the sun

;

see fig. 1.
, ^ . 1 ^^.4.^

41 The cusps of the sun attentively inspected, and I suspected a little

bendin.- of the cusps outward as in fig. 4; but I could not satisfy

myself"of its reality. If there was a bending, it did probably not

amount to 1".
, . , x ^ i j ino

41 [Foot-note.] In 1779, 1780, 1781, I measured the heights of about 100

mountains of the moon by three dilferent methods. Some of these

observations are given in Fhil. Trans., Vol. Ixx, p. 507, but most

remain uncalculated in my jounial till some proper opportunity.

Wm. Herschel.

[Dated] Slough, near Windsor, Dec. 30, 1793.
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17i)4 84 48 On the rotation of the planet Saturn vpon its axis. By William Her-
schel, LL. D., F. R. S. Read January 23, 1794.

48 In a late paper I pointed out an analogy which might lead us to sur-

mise that Saturn had a quick rotation on its axis. I can at present

announce the reality of that rotation by means of observations of

154 revolutions of the planet.

48 The belts of Saturn that I have been observing seem to have under-

gone no material cliange for the last two months.

48 I give the observations upon which my computations have been

founded, entire.

49-59 Observations on the belts of Saturn.

50 [Foot-note.] In the course of these observations I made 10 new ob-

ject specula and 14 small plain ones for my 7-foot reflector, having

found that a 7-foot reflector was adequate to my purpose.

51 [Foot-note.] These objectives were from 84 to 88 inches focus, and
were used with an eye-glass of -fV of an inch focus, the power thus

being from 280 to 293.

52 I took care to bend my head so as to receive the picture of the belt

in the same direction upon the retina as I did [formerly].

52 [Foot-note.] This was a precaution that occurred to me, as there

was a possibility that the vertical diameter of the retina might be

more or less sensible than the horizontal one; but I had no reason

afterward to suppose that any such diflereuce really exists.

53 Observation njyon the double ring of Saturn.

The outer ring is less bright than the inner ring. The inner ring is

very bright close to the dividing space; andat about half its breadth

it begins to change color, gradually growing fainter.

54 There is a dry wind and the telescope will not show objects as dis-

tinct as when moisture is discharged from the air by the precipita-

tion of dew.

55 BemarJc on the shadow of Saturn and its rings.

On the ring is the shadow of the body. The shadow of the ring upon

the body of the planet close to the ring is not parallel to the ring

at the two extremes, but a little broader there than in the middle,

the ends turning toward the south.

56 The five old satellites are all seen with a i^ower of 60 on a 10-foot re-

flector.

57 Observations of the south pole of Saturn and the shadow of the ring.

The south polar regions of Saturn are a little brighter than they used

to be; they are almost as bright as that belt. The shadow of the

ring upon Saturn is perfectly black, like the shadow of Saturn upon

the ring. The shadow of the ring ux^on Saturn on each side is bent

a little southward.

58 Trial of concave eye-glasses.

With regard to the field of view, they are full as convenient as con-

vex glasses.

59 Determination of the period of the rotation of Saturn. Explanation of

Plate IX and the method of obtaining the period from the observa-

tions.

60 The first trial gives 10'' I.'')'" 40' for the time of 1 revolution.

The second trial gives lO*" 10™ 51^ for the time of 1 revolution.

61 The third trial gives LO'' 17'" 54^ for the time of 1 revolution.

The fourth trial gives 10'' 17'^' 6^ for the time of 1 revolution.
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1794 64 Gl I take tho meau of the first two, lO'i IG'" 15\5, for the approximate

rotation period.

fi"2-3 Tables for the motion of the equator of Saiurn.

04-5 Comparison of observation witli the tables.

Gj We may eouclude that tlu; period is exaet to ^^2™, and we need not

hesitate to llx the I'otatiou oi Saturn u[)on its axis as 10'' IG'" (t>*.4.

Wm. IIeiisciiel.

[Dated] Slougli, near Windsor, Jan. 2'2, 1872.

1795 85 4G Ontlie Nature and Construction of the Sun and Fired Stars. By William
Hersciiel, LL. D., F. R. S. Read December 18, 1794.

4G The sun is the celestial body which should first attract our notice,

not only on its own account but since the fixed stars are, by tho

strictest analogy, similar bodies.

46 Newtox has shown that the sun retains the jilanets of our system in

their orbits

;

47 Bradley has assigned tho velocity of the solar light; Galileo,

ScuEiXER, Hevelius, Cassixi and others have ascertained its rota-

tion and the place of its e([uator. The Transit of Venus has given

means to calculate its distance, its real diameter, magnitude, density,

and the fall of heavy bodies on its surface. Thus we have already

a clear idea of the powerful influence of the sun.

47 I should not woader if [considering what we know] we were induced

to think that nothing remained to be added ; and yet we are stiU

very ignorant in regard to the internal construction of the sun.

47 The spots have been supposed to be solid bodies, the smoke of vol-

canoes, the scum floating on an ocean of fluid matter, clouds, opaque

masses, and to be many other things.

48 The sun itself has been caUed a globe of fire, though perhaps meta-

phorically.

48 The faculaj have been called luminous vapors, etc.

48 The light of the sun itself has been supposed invisible and not to be

perceived except by reflection, though the proofs seem to me to

amount to no more than saying Ihat we cannot see when rays of

light do no •, enter the eye. But it is time now to profit by the obser-

vations we are in possession of.

48 I have availed myself of the labors of preceding astronomers, but have

been induced thereto by my own actual observation of the solar

phenooieua.

49 Following is a short extract of my observations. In 1779 there was

a spot on the sun, divided into two parts, the largest above 31,000

miles in diameter. Both together must have extended above

50,000. Tho idea of its being occasioned by a volcanic explosion

ought to be rejected.

50 We have pretty good reason to believe that all tho planets emit light

in some degree.

50 Example of the illumination of the moon during an eclipse, which

could not have been due to the light from the earth.

51 Tho dark half of Venus has been seen by difterent persons.

51 In regard to the large spot on the sun, I concluded that I viewed the

real solid body of the sun itself, of which we rarely see more than

its shining atmosphere.

51 Description of a largo spot seen in 1783 : the spot was plainly depressed

below the surface of the sun.
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1795 8j 51 Explanation of the luminous shelving sides of a sun-spot. The sun
may have inequalities [like mountains] on its surface perhaps 500

or 600 miles high.

53 In 1791 I observed a large spot on the sun, depressed below the level

of its surface.

53 An optical deception takes place now aud then when we view the

moon, which is that all the elevated spots on its surface will seem
to be cavities, and vice versa.

54 How very ill would these observations agree with the ideas of solid

bodies bobbing up and down in a fiery liquid? with the smoke of

volcanoes or the scum upon an ocean ?

54-58 Observations in detail from 1792, Aug. 26, to 1794, Oct. 13.

. 54 1792, Sept. 2. Two spots on the sun were seen with the naked eye.

55 It may not be impossible, as light is a transparent fluid, that the sun's

real surface may also now and then be perceived, as we see the

shape of the wick of a candle through its flame.

56 Faculae seem generally to accompany the spots, and they are certainly

elevations on the surface.

57 The sun cannot be so distinctly viewed with a small aperture and
faint darkening glasses as with a large aperture and stronger ones.

57 About all the spots the shining matter seems to have been disturbed,

and is uneven, lumpy, and zig-zagged in an irregular manner.

57 I call the spots black, not that they are entirely so, but to distinguish

them. There is not one of them to-day which is not at least partly

covered over with whitish and unequally bright nebulosity.

58 If the brightness of the sun is occasioned by the lucid atmosphere the

intensity of the brightness must be less where it is depressed.

The results of these observations are : The sun has a very extensive

atmosphere, which consists of various elastic fluids more or less

lucid and transparent, and of which the lucid one is that which fur-

nishes us with light.

59 The manner in which I suppose the lucid fluid of the sun to be gen-

erated in its atmosphere may be better .understood from an anal-

ogy drawn from the generation of clouds in our own atmosphere.

[This analogy is stated.]

60 That the emission of light must waste the sun is not a difficulty that

can be opposed to our hypothesis.

60 Many of the operations of nature are carried on in her great labora-

tory which we cannot comprehend, but now and then we see some
of the tools with which she is at work. [The many telescopic com-

ets may restore to the sun what is lost by the emission of light.]

61 According to my theory a dark spot in the sun is a place in its atmos-

phere which happens to be free from luminous decompositions, and

faculoe are more copious mixtures of such fluids as decompose each

other.

62 The penumbra which attends the spots being depressed more or less

to about half way between the solid body of the sun and the upper

part of the regions where luminous decompositions take place, must
of course be fainter than other parts.

62 The regions where the luminoiis solar clouds are formed, adding thereto

the elevation of the faculae, cannot be less than 1,843 miles nor much
more than 2,765 miles.
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17i)5 85 62 We ought to compare these elevations, not to the clouds of our at-

mosphere, but to the elevation of the aurora borealis.

G2 The density of the solar clouds though very great may not be exceed-
ingly more so than that of the aurora.

02 The opaque body of the sun v^c know to be of great solidity, and we
surmise it to be diversified with mountains and valleys.

63 This way of considering the sun removes the great dissimilarity be-
tween its condition and that of the other great bodies of the sys-

tem. The sun then appears to be nothing else than a very eminent,
large, and lucid planet * * * most probably also inhabited by
beings whose organs aro adapted to the peculiar circumstances of
that vast globe.

63 The heat produced by the sun's rays on the earth is so considerable

that it may be objected that the surface of the sun must be scorched

up beyond all conception.

64 This objection answered by analogies with terrestrial circumstances.

C5 I will now show that our moon is probably inhabited.

Go The moon is in many ways analogous to the earth, and to complete

the analogy it is only needed that it should be inhabited. To this

may bo objected that we perceive no large seas there, that its

atmosphere is extremely rare, that there is no rain, etc.

66 These objections considered.

67 Suppose an inhabitant of the moon who has not properly considered

such analogical reasonings as might induce him to surmise that our

earth is inhabited, to give it as his opinion that the use of the earth

is to illuminate the moon, when direct daylight cannot be had, etc.

67 Suppose the inhabitants of the moons of Jupiter, Saturn, and [ Uranusi

to look upon their primary planets merely as so many attractive

centers to keep together their orbits, etc., etc.

67 These considerations ought to make the inhabitants of the planets

wiser than we have supposed those of their satellites to be. AVe

surely ought not to say "the sun is merely an attractive center

to us."

68 That stars are suns can hardly admit of a doubt. The sun turns on

its axis; so do variable stars; most probably all stars. Stars have

spots like the sun ; in some stars wo know these spots to be change-

able.

68 Analogy may induce us to conclude that each of these stars is accom-

panied by a grouji of planets. If these suns themselves are primary

planets we may see some thousands of them with our own eyes,

and millions by the telescojje, while the same analogy remains in

regard to the planets which these suns may support.

69 The idea of suns or stars being mcrchj the supporters of systems of

planets is not to be admitted as a general one.

69 The stars in very compressed clusters are so close that even at a great

distance of the cluster there will not be room for the crowding in of

those planets for whose support these stars may be supposed to

exist.

69 As an instance, I take clusters Nos. 26, 28, and So of the VI class, and

also very close double stars.

70 Also, in some jiarts of the milky way the stars are so crowded that in

41 minutes of times no less than 258,000 stars passed through the

field of my telescope [in R. A. W^^ Su-"—20^ 12™; N. P. D., 73° 54'].
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1795 bo 71 It seems, therefore, upon tlie whole not improbable that in many cases

stars are united in such close systems as not to leave miich room for

the orbits of planets or comets; and that consequently many stars,

unless Ave woukl make them mere useless brilliant points, may them-

selves be lucid planets, perhaps unattended by satellites.

71 Postscript. The following observations of the sun arc added. They
are decisive in regard to one of the conditions of the lucid matter

of the sun. 1794, Nov. 2G. The sun is mottled everywhere, equally

at poles and equator. This is owing to inequalities in its surface.

71 The lucid substauce of the sun is neither a liquid nor an clastic fluid,

as is evident from its not instantly filling up the cavities of the

spots, etc. It exists, therefore, in the manner of lucid clouds swim-

ming in the transparent atmosphere of the sun; or, rather, of lu-

minous decompositions taking place within that atmosphei'e.

1795 85 317 Bcscripiionof aforti/-foot rejlcciing tclescojw. By William Herschel,

LL.D., F. R. S. Read June 11, 1795.,

347 When I resided at Bath I had long been acquainted with the theory

of optics and mechanics and Avanted only that experience so neces-

sary in the practical part of these sciences. This I acquired by

degrees at that place, where in my leisure hours by way of amusL--

ment I made several 2-foot, 5-foot, 7-foot, 10-foot and 20-foot New-
tonian telescopes, besides others of the Gregorian form of 8, 12, 18

inches and 2, 3, 5 and 10 feet focal length.

343 In this way I made not less than 200 7-foot, 150 more 10-foot, and

about SO 20-foot mirrors, not to mention tlie Gngorian telescopes.

348 The number of stands I invented for these telescopes it would not bo

easy to assign. My Newtonian stand was contrived about 1778.

348 In 1781 1 began to construct a 30-foot aerial rellector, and having made

a stand for it I cast the mirror 36 inclies in diameter, which was

cracked in cooling. I cast it a second time, and the furnace which

I had built in my house broke. Soon- after, the Georgian Planet

was discovered [and observations on this interrupted the making

of new telescopes. ]

349 In 1783 I finished a very good 20-foot reflector, and in 1785 I began to

construct the 40-foot.

349 lu the whole of the apparatus none but common workmen were em-

ployed, for I made drawings of every part of it and directed every

person's labor, though sometimes there were not less thau 40 em-

l)loyed at the same time. There was no iuterruiition except my re-

moval from Clay Hall to Slough.

350 The 40-foot speculum was put into the tube and first used 1787, Feb.

19. The first mirror being too thin, etc., could uot receive a good

figure, and a second was cast 1788, Jan. 2G, Avhich cracked in cool-

ing. It was recast Feb. IG, audon Oct. 24 it had a good figure and

I observed Saturn with it ; but not being satisfied I worked upon it

till Aug. 27, 1789. Aug. 28, 1789, I discovered a sixth satellite of

Saturn. I date the finishing of the telescope from that time.

350 Description of the telescope. See Plates XXIV to XLII.

350-365 The foundation and stand.

365 The tube : it is 39 feet 4 inches long, 4 feet 10 inches diameter, made
of iron.

377 Motions of the telescope.
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1795 85 378 Finder and setting quadrant.

380 I have in 1789 many times taken up Saturn two or three hours before

its meridian jjassage and kept it in view with the greatest facility

till two or three hours after the passage, with a single assistant.

382 The method of observing is by what I have called the front view.

382 The observing chair is fastened to the instrument.

383 The aperture of the telescope is 4 feet.

384 In making sweeps several conveniences are required [as given].

385 A speaking pipe was led from the observer to the recorder, etc.

387 Right ascension apparatus.

390 Polar distance machine : the sidereal clock by SnELXox.

390 Polar distance piece [described].

396 In 1783, when I began my sweeps, no catalogue of stars in zones ex-

isted. I therefore gave a pattern to my indefatigable assistant,

Carolina Herschel, who brought all the British catalogue into

zones of 1° each from 45 N. P. D. to the horizon, and put the right

ascensions in time. This catalogue was afterwards completed to

the pole in zones of 5°.

398 A zone clock described.

403 The construction of the great mirror is as in fig. 46. The metal is 49^

ifiches in diameter; 48 inches are polished. Its thickness, which is

equal throughout, is 3^ inches ; its weight when cast was 2,118 lbs.

404 It is swung in a ring.

406 The surface is protected from damp by a tin cover.

409 Method of mounting the eye-pieces.
Wm. Herschel.

[Dated] Slough, near "Windsor, May 18, 1795.

Plates.

408 Plate XXIV : General View :
" To George the Third, King of Gre4T

Britain &c. This View of a Forty- Foot Telescope constructed

under his Royal Patronage, is with permission, most humbly in-

scribed, by his Majesty's very devoted and Loyal Subject, and most

grateful obedient Servant, William Herschel."

1798 86 133 Additional ohservations on the Comet. [1796, I.] By William Her-

schel, LL. D., F. R. S. [Read November 12, 1795.]

1796 86 166 On the 7nethod of ohserving the changes that hapiytn to the fixed stars ; tcith

some remarks on the stabiUiii of the Light of our Sun. To tchich is added

a Catalogue of Comparative Brightness for ascertaining the Permanency

ofthe Lustre ofStars. By William Herschel, LL.D.,F. R.S. Read

February 25, 1796.

166 The earliest observers noted the different brilliancy of stars and have

classed them into magnitudes. Brightness and [apparent] size

were taken as synonymous terms, and may still be used as such,

notwithstanding the latter must be a consequence of the former.

166 If we suppose the stars to be about the size of our sun and at nearly

an equal distance from us and from each other, those which form

the first enclosure about u* will appear brighter than the rest, and

there can only be a small number of them.

166 This hyiiothesis is nearly confirmed by observation, as may be seen

by looking over a globe and applying a pair of compasses opened

to 60°. Eleven pairs of 1st mag. stars are about 60° apart.

167 Eight other pairs are near enough to 60° to support this hypothesis.

4h
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1796 HG 167 A second layer of stars will be more extensive, etc., etc.

108 The hypothesis of an equality and an equal distribution of stars is too

far from being strictly true to be laid down as an unerring guide.

163 The stars of the 1st and 2d class, scrupulously examined, prove that

we must admit them to he either of different sizes or jilaced at dif-

ferent distances. Both varieties undoubtedly take place.

168 Thtis it appears that in the classification of stars into magnitudes
° there is either no natural standard or none that can he satisfiictory.

, 169 If any dependence could be placed uj)on the method of magnitudes,

it would follow that certain of Flamsteed's stars had undergone a

change in their lustre. [Examples given.]

170 Flamsteed did not compare the stars to each other, but referred each

of them separately to its own imaginary standard.

A short inquiry into the confidence to be given to the method of mag-

nitudes may be of considerable use.

170 In Flamsteed's observations an error of 1™ in the brighter classes and

li™ in the fainter would hardly deserve attention.

171 In comparing the ohservations of different astronomers larger errors

may he expected.

172 Example. From Flamsteed's and Lacaille's ohservaticms of (i

Leonis 'we may conclude that this star is now less brilliant than for-

merly.

173 I place each star, instead of giving its magnitude, into a short series

[sequence] constructed upon the order of brightness of the nearest

proper stars.

174 The Greek letters now affixed to the names of stars do not point out

their order of brightue-ss, except for the few brightest stars of eacli

constellation. [Examples.]

175 A doubt may arise whether any succession of brightness might he

argued from the very first, second, or third letters of the alphabet,

when we find them now arranged thus, as /3 aCassiopece, /3 aCancri,

y ft Aquilce, etc.

177 Lalande, Figott, and Goodericke have used the method I propose

in special cases.

178 Simple as my method is in principle, it is very laborious in its pro-

gress. I began to use it 14 years ago.

178 My first design was to draw each whole constellation into one series.

Accordingly I began, July 16, 1781, to arrange the stars in Ophiuchus,

thus : a, /i, d, Z, ?A "^^ Xi ^- The defect of this arrangement was
that we do not always have a proper connection of the steps of the

series; the intervals being too great in some cases, too small in

others.

178 To get over these difficulties I marked the stars by degrees, three in

a magnitude 1', 1", V" ; 2', 2", 2'", etc., as "May 12, 1783; order of

the stars in Bocitis "al', s 2", 77 2'", r i^
^ '^', etc."

179 Difficulties with this plan.

180 Other methods tried.

181 The method finally adopted explained. [The method of sequences.]

183 Difficulties in carrying out the method stated.

184 These observations are of importance, as will appear when we remem-
ber the great number of alterations of stars which have certainly

happened within two centuries.

185 Who would not wish to know the permanency of the lustre of our

Sun ? If it be allowed to admit the similarity of stars with our sun,
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how necessary will it be to take notice of the fate of our neighbor-

ing suns in order to guess at that of our own. That star which wo
call tlie Sun may to-morrow begin to undergo a gradual decay of

brightness, like /J Leonis, a Ceii, ex Draconis, S Ursai Majoris, and
many otliers that will be mentioned in my catalogues.

1796 80 186 It may suddenly increase like the wonderful star in tho back of

Cassio2)ea's chair, or gradually come on like /3 Geminorum, (i Ceti,

Z Sagitiarii, etc. ; or it may turn into a periodical star of 25 days'

duration, as AlgoJ is one of 3 days, d Ccphci of 5 days, etc.

186 Perhaps tlio easiest way of accounting for past changes in our cli-

mates is to surmise that our sun has been formerly sometimes more
or sometimes less bright than now.

187 A method of ascertaining the quantity or intenseness of solar light

might be contrived. Perhaps the thermometer alone might be suf-

ficient.

187 Introductory Eemarks and Explanations of the Arrangement and Charac-

ters used in the following Catalogue.

This first catalogue contains 9 constellations ; the rest will follow.

190 All the observations have been made in very fine nights when there

was no suspicion of any whitish haziness.

191 All observations upon stars of any considerable magnitude have been

made with the naked eye.

191 Wherever I have used magnitudes I have adopted Flamsteed's scale.

192 From tho numerous diflerences wo have reason to suspect many
changes in the lustre of stars since Flamsteed's time.

192 Summary of diflerences with Flamsteed.

194 I. Catalogue of the comparative brightness of the Stars.

212 Notes. These contain errata in Flamsteed's atlas and ca alogue.

226 Wm. Herschel.

[Dated] Slough, near Windsor, Jan. 1, 1796.

1796 86 452 On the periodical star a Herculis ; iiith remarks tending to establish the

rotatory motion of the Stars on their axes. To which is added a second

catalogue of the comparative Brightness of the stars. By William
Herschel, LL. D., F. R. S. Read June 9, 1796.

452 In my first catalogue I announced a HcrcuVts as a periodical star. It

has been compared with several standard stars but chiefly with k

Ophiuchi.

453 Table of the variation of light observed in a (Fl. 64) HercuUs, com-

pared to K (Fl. 27) Ophiuchi.

454 The period is about 60 days and a quarter. Greater accuracy can

only be obtained by future observations.

455 On the Eotatory viotion of the Stars on their Axes.

455 We ought not to be satisfied with enrolling the discovery of one more

periodical star among the list of facts wo are acquainted with
;
for

this would indeed be of no great consequence.

455 Darker spots on the surface of stars will account for all the phenomena

of periodic stars so satisfactorily that we certainly need not look

out for any other cause. The objections which may be made are:

the periods in Algol, (3 Lyra;, S Cephei, and ?; Antinoi are short 3,

5,6, and 7, etc., days; those of o Ccii, the star in Hydra and in

Cygnus are long; 331, 394, and 497 days.

456 Hitherto we have had but 7 periodical stars [some of very short, some
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of very long periods]; the discovery of a Herculis as a periodical

star with a period of GO days supplies a link in the chain and re-

moves the objection that arose from the vacancy.

1796 8G 456 Another instance of slow rotation is the .5th satellite of Saturn IJape-

tiis'\, which revolves on its axis in 79 days.

457 The rotations of the sun, moon, and some of the planets are known
by their spots

;
[t/a^jeias] is too small and too distant to allow its spots

to be observed. But what we can no longer perceive we can now
supply by rational arguments. The change in the light of the satel-

lite proves the rotation ; the rotation proves the existence of the

spots. A still more extended similarity between the sun and the

stars offers itself, by the spots which must also be admitted to take

place.

457 There are reasons to surmise that 34 Cygni is a periodical star of 18

years' rettirn [see Phil. Trans., 1786, p. 201].

458 When the biography of the stars, if I may be allowed the expression,

is arrived to more perfection, wo may then possibly not only be still

more assured of their rotatory motion, but also perceive that they

have other movements, such as nutations of their axes, etc.

458 Memorandum relating to the following Catalogue. I find tbo magnitudes

of Flamsteed so inconsistent that I shall not continue to note tko

deviations between my observations and his.

459 II. Catalogue of the comparative brightness of the Stars.

477 Xotes.

Wm. Herschel.

[Dated] Slough near Windsor, June 1, 1796.

1797 87 293 A Third Catalogtie of the comparative Brightness of the Stars ; with an in-

troductory account of an Index to Mr. Flamsteed's Observations of the

Fixed Stars contained in the second volume of the Historia Calesfis.

To which are added several useful 7-esults derived from that Index. By
William Herschel, LL. D., F. R. S. Read May 18, 1797.

293 In my earliest reviews of the heaveus I found many of the stars of

the British Catalogue missing, and took it for granted that they

were lost. The deviation of many stars from the magnitudes there

given I looked upon as changes in the lustre of the stars. I there-

fore wished to be able to refer to the original observations upon

which the Catalogue was founded, and recommended to my sister

the arduous task.

294 She began the work about 20 months ago, and has lately finished

it.

294 Description of the manner of making the index.

295 Examjiles of its use.

296 General results to be obtained from an inspection of the index [with

regard to Flamsteed's errors].

297 Additional notes to the stars in the First Catalogue of the comparative bright-

ness of the Stars.

301 Same for the Second Catalogue.

307 III. Catalogue of the comparative brightness of the Stars.

321 Notes.

Wm. Herschel.

324 [Dated] Slough, near Windsor, April 12, 1797.
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1797 87 \\?,-l OJm-rvaUons of the chanfjeahle BrUihtncss of the SatrlUtcs of Jiqnlir, and
of the Variatioti in their apjuireiit Magnitudes ; with a Determination of
the Time of their rotatorn Motions on their Axes. To which is added a
treasure of the Diameter of the Second Satellite, and an Estimate of the

eomparatire s/ce of all the Fonr. I!y Wii.i.ia.m I1f,i;schi:l, LL. D.,
F. R. S. lii'iid Juno 1, 17n7.

1797 87 ;532 I have, when oilier pursuits would i.ennil, .-ittciuled to every circura-
staiice that oonhl forward the discovery of the rotation of the
secondary plau(d-s. Since I have deternuned by observation that
Japetns rotates according to the law obeyed by our moon, it seems
natural to conclude that all (he secondary planets do the same;
consequently, a, few good observati(»ns that coincide with this
theory will go a good way towards contirniing it.

333 I also desired to examine the nature and construction of the satellites.

Here pheuomeua occnrred that may be thought remarkable and
perhaps contradictory. So far from attempting to lessen the force
of such animadversions, 1 shall be the first to point out difiSculties

in order that future observations may be made to resolve them.
334 Observations : A remarkable Conjwnction of two satellites of Jupiter. II

and HI cannot be separated with a power of 350 on a 7-foot retlector.

334 Inlenseness of Li(jht and Color of the Satellites. I is of a very iuteuse,

bright, white, and shining light. It is brighter than II or IV (not

larger). IV is inclining to red. It is n(>arly as bright as II. II is

of a dull ash color. Ill is very white.

335 Brightness and diameter distinguished.

335 Diameter of the second Satellite by entering on the Disc of the Planet.

339 The Brightness of the Satellites compared to the Belts and Disk of the

Planet.

339-342 [Estimates of comparative magnitudes of I, II, III, IV.]

342 Before we draw any conclusions from these observations, we ought to

take notice of the many causes of deception, etc. The method of

comparing the brightness is not subject to so great errors as esti-

mating this in terms of an ideal standard. But the situation of the
^

satellites with respect to the i^lauet introduces a new source of

error.

343 Objections to both low and high magnifiers.

344 It appears that considerable changes take place in the brightness of

the satellites, and also a change in their ai)parent magnitude.

344 The fii'st fact proves that the satellites have a rotatory motion upon
their axes of tlKs same duration with their revolutions about the

primary planet. The second either shows that the bodies of the

satellites are not spherical, or that some parts of the discs reliect

hardly anj' light.

345 Discussion of tli(Mjbser\ati()us t(j show that the satellites revolve on

their axes in the same ( ime that they revol vi- about the planet. The
observations extend from 1794, July 19, to 1795, November :>.

3^6 Table of thej^ositions of the four satclliirs at the lime of the observations.

347 Method of reduction.

349 Summary of the observat ions relatiug to the color of the satellites.

I is white, but sometimes more intensely so than others.

II is white, bluish, and ash.-colored.

350 III is always white, but the color is of diflerent intensity in difierent

situations.

S. :\iis. ;;i .30
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IV is dusky, dingy, inclining to orange, reddish, and ruddy at differ-

ent times ; and these tints may induce us to surmise that this satel-

lite has a considerable atmosphere.

1797 87 350 The diameter of the second satellite is 0".87 hy 1 ohs.

351 III is considerably larger than any of the rest ; I is a little larger than

II, and nearly of the size of IV ; II is a little smaller than I and IV,

or the smallest of all.

Wm. Herschel.
[Dated] Slough, near Windsor, April 30, 1797.

1798 83 47 On the discovery of four additional satellites of the Georgium Sidus, The

retrograde motion of its old Satellites announced, and the cause of their

Disappearance at certain distances from the Planet explained. By Wil-
liam Herschel, LL. D., F. R. S. Read December 14, 1797.

47 I have lately recomiiuted ray observations of the satellites of [ Uranus']

with improved tables from 1787 to now. I laid down a set of the-

orems relating to the motions of these satellites ; I calculated tables

and devised means for checking the computations.

48 I here announce that the motion of the Georgian satellites is retro-

grade.

48 From my miscellaneous observations, the existence of four additional

satellites will be proved ; the observations which tend to ascertain

the existence of rings to the planet not being satisfactorily sup-

ported, this surmise will be given up, or left till sui^erior instruments

are provided.

48 Observations of stars near the planet are given under the head Be-

ports, and of the new satellites under the head Observations.

49 Investigation of additional satellites. «

58 Arguments upon the Eeports and Observations.

An interior satellite. [The observations described.]

62 An intermediate satellite. [The observations described.]

63 An exterior satellite. [The observations described.]

64 The most distant satellite. [The observations described.]

66 The arrangement of the satellites together will be thus

:

First satellite, the interior one of Jan. 18, 1790.

Second satellite, the nearest old one of Jan. 11, 1787.

Third satellite, the intermediate one of ilar. 26, 1794.

Fourth satellite, the farthest old one of Jan. 11, 1787.

Fifth satellite, the exterior one of Feb. 9, 1790.

Sixth satellite, the most distant one of Feb. 28, 1794.

67 Observations and reports tending to the discovery of one or more rings of

tlie Georgian Planet and the flattening of its Polar Eegions.

69 Bemarlcs iipon the foregoing observations.

70 The observation of the 26th Feb., 1792, seems to be very decisive

against the existence of a ring, etc., and I venture to affirm that

the planet has no ring in the least resembling those of Saturn.

70 The flattening of the poles of the planet seems to be sufficiently as-

certained.

71 This being admitted, we may conclude that the Georgian Planet also

has a rotation on its axis of a considerable degree of velocity.

71 Eeports and observations relating to the light and size of the Georgian satel-

lites, and to their vanishing at certain distances from the Planet.

73 Reinarks on the foregoing observations.

73 Small srars near the iilanet lose much of their lustre.



BIBLIOGRAPHY OF HERSCHEL's WRITINGS 563

Herschel, W.: Synopsis of the Writings of—Coutinued.
A. D. Vol. P.

1798 88 74 The satellites become regularly invisible at certain distances from
the planet.

76 The first satellite ITitania'] usually vanishes at 18".

The second satellite lOberonl usually vanishes at 20".

In uncommon and beautiful nights the first has once been seen at
13". 8 and the 2d at 17".:}.

77 A dense atmosphere to the planet would account for this if it were
not that the satellites are lost as well in the nearest half of their

orbits as in the farthest. A satellite cannot be obscured by an at-

mosphere that is behind it.

77 The light of Jupiter and Saturn is diiiused for several minutes [o/ arc]

all around them. Their satellites are bright, and having much
light to lose they comparatively lose but little. [ Uranus'\ is very-

faint ; its satellites are verj^ nearly the dimmest objects that can be

seen in the heavens, so that they cannot bear any considerable

diminution of their light without becoming invisible.

78 The distances at which the satellites vanish will show their relative

brightness. The first satellite [ Titania'] is rather brighter than the

second \^Oheron'\. The interior satellite cannot be much inferior in

brightness to these.

78 Periodical Rerolutions of the New Satellites.

[Dated] Slough, near Windsor, Sei^tember 1, 1797.

1799 89 121 A Fourth Catalogue of the Comparatire Brightness of the Stars. By Wil-
liam Herschel, LL. D., F. R. S. Read February 21, 1799.

121 Catalogue.

138 Notes.

[Dated] Slough near Windsor, .Jan. 28, 1799.

1800 90 49 On the power of penetrating into Spare hij Teleseopes ; with a comparative

Determination of the Extent of that Power in natural Vision, and in Tel-

escopes of tarious Sizes and Constructions ; 'illustrated by select observa-

tions. By William IlERSCnEL, LL. D., F. R. S. Read November

21, 1799.

49 The ]iower of penetrating into space by telescopes is very different

from magnifying power, and ought to be considered separately.

49 Luminous bodies as here defined are such as throw out light, what-

ever may be the cause of it, including those that shine by reOection

only, and we may distinguish the class of self-luminous bodies when

it is necessary.

50 The question will arise whether luminous bodies scatter liglit in all

directions equally ; but until we know more of the powers that emit

and reflect light we shall probably remain ignorant on this head.

50 What I mean to say relates only to the physical points into which we

may suiipose the surfaces of luminous bodies to be divided. When
we consider their whole construction the question assumes another

form.

50 We know from experience that light, flame, and luminous j^jases are

penetrable to the rays of light.

50 [Foot-note.] An experiment given to prove this.

51 It follows therefore that every part of the sun's disc canuo! appear

equally luminous to a given observer on account of tins unequal

depth of its atmosphere. (See Phil. Trans., 1795, p. 40.)
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1800 90 51 The greatest iueriualities iu the brightness of luminous bodies will be
owing to their natural texture.

51 Brightness, I ascribe to bodies that throw out light, and those that

throw out most are the brightest.

51 Let the whole quantity of light thrown out by a luminous body be, L;
suppose the surface of this body to be composed of N luminous phys-

ical points. Let C stand for the mean copiousness of light thrown
out from all the physical points of a luminous object. Let c express

the copiousness of emitting light of any number of physical points

that agree in this respect, and let their number be n ; similarly I

detine c' and n^ for another set of points, and so on. Then L= c»

+ c')ti + c2»" _|_etc., and L -i- N = C.

52 An objection to this answered.

52 The brightness of an object is truly defined by CN. The brightness

arising from the great value of C may be called the intrinsic bright-

ness ; that from the great value of N the aggregate brightness ; the

absolute brightness is in all cases CN.

53 In finding an expression for the apjiearance of luminous objects at any
assigned distance we must leave out of* account every part of CN
which is not applied for the purposes of vision. L representing the

whole light thrown out by CN, let I be that part of it used in vision

either by the eye or the telescope.

53 The equation of light, iu this sense, is CN= J.

53 The expression for its quantity at the distance of the observer D will

be I -h D-.

53 In natural vision I undergoes a considerable change by the opening

or contracting of the pupil of the eye.

53 In some experiments on light made at Bath in 1780 I [noticed the in-

creased power of vision after staying some time in a dark room].

53 The opening of the iris is probably not the only cause of seeing better

after remaining long in the dark, but the tranquillity of the retina

may render it more fit to receive imjiressions.

54 This is supported by telescopic vision, for in my sweeps of 4, 5, or 6

hours' duration my eye became so sensitive that when a star of the

3d magnitude came towards the field of view I had to withdraw my
eye in order not to injure the delicacy of vision. The opening of

the iris was not the cause, as the diameter of the optic j»encil was
no more than 0.12 inch.

54 With the 40-foot telescope the appearance of Sirius announced itself

like the dawn of the moi'uing till this brilliant star at last entered

the field of the telescope with all the splendor of the rising sun, and
forced me to take my eye from that beautiful sight.

55 I found the eye, coming from the light, required nearly 20 minutes

before it could see delicate objects, and that the view of a star of

the 2d or 3d magnitude would so disorder it that nearly the same
time was required to reestablish its tranquillity.

55 If a is the opening of the iris and A the aperture of the telescoiie -yc^

A-L
is the light admitted by the eye, and ^^ will be that admitted by

the telescope.

55 Whenever the pencil of light from the telescope is larger than the

aperture of the pupil, light is lost. If m be the magnifying j)ower,

A-4-W ought not to exceed a.
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1800 90 55 Olijpfition to the foregoing. II ln'ing proved that an ol)ject is equally
bright at all distances, it may be nrgcni tiiat in a telescope the dif-

ferent distance of stars can be of no account witli regard to their

brightness, and that we must eonse<inently bo able to see stars

which are many thousands of times farther than Sirius from us.

56 The origin of such objections is in want of distinction in the two sorts

of brightness, which have been discriminated by intrinsic and abso-

lute brightness.

56 The demonstrations of opticians with regard to what 1 call intrinsic

brightness, will not oppose what I affirm o{ absolute brightness.

57 Though the sun, to an observer on Saturn, must bo as bright as it is

here on the earth, it cannot be meant that an inhabitant standing

on the planet Saturn and looking at the sun should absolutely receive

as much light from it as one on earth receives when lie sees it.

57 The picture of the sun on the retina of the Saturnian observer is as

intensely illuminated as that on the retina of the terrestrial astron-

omer, l)nfc it should be remembered that the sun on Saturii appears

to be a hundred times less than on the earth; and that conse-

quently, though it may there be intrinsically as bright, it must here

be absolutely an hviudred times brighter.

57 This reasoning is imtirely applicaltle to the stars; and the light we

can receive from the stars is truly exjjressed by v^j-

58 Hence I am authorized to conclude that stars cannot be seen by the

naked eye when they are more than seven or eight times farther

from us than Sirius, and that they become, comparatively speak-

ing, very soon invisible with our best instruments.

58 With respect to the naked eye,.the power of penetrating into space

is limited. Among reflecting luminous objects our penetrating

powers are sufficiently ascertained. An object seen by reflected

light at a greater distance than the Gcoryian Planet, it has never

been allowed us to i:)erceive.

59 The range of natural vision with self-luminous objects is incompara-

bly more extended, but less accurately to be ascertained.

59 The general supposition is admitted that stars, at least those which

seem to be promiscuously scattered, are prol)ably one with another

of a certain magnitude.

59 [Foot-note.] The Phil. Trans, for the year 1796, page 166, 167, 168 is

referred to for support of this assumption.

60 The difference in brigiitness between Sirius, Arcturus, a Cygni, and

/i Tauri, does not seem to alter the dimensions of the iris ; a, there-

fore, becomes a given quantity and may be left out.

61 Admitting that the latter of these stars are probably at double the

distance of the former, we can have no other guide to lead us a

third step than the before-mentioned hypothesis ; in consequence of

which it is probable that stars of the third magnitude may be

placed about three times as far from us as those of the iirst.

61 Our third step forward into space may therefore very properly be

said to fall on the polo star, on ;' Cygni, £ Boutis, and all those of

the same order.

62 The difference between these and the stars of the preceding order is

much less striking than that between the stars of the first and sec-

ond magnitudes. So the calculated ratio of the brightness of a star
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of tlie sixth maguitutlo to that of one of the seventh, is hut httle

more than 1^ to 1.

1800 90 62 The faiutness of the stars of the 7th magnitude gives us little room
to helieve that we can penetrate much farther into space with oh-

jects of no greater brightness than stars.

63 I think, from the faiutness of the stars of the 7th magnitude, and
from the foregoing considerations, we are authorized to conclude that

no star, eight, nine, or at most ten times as far from us as Sirius,

can possibly be perceived by the natural eye.

63 Where the light of single stars falls short, however, the united lustre

of sidereal systems will still be j)erceived. We easily see the united

lustre of the stars in the sword-handle of Ferseus, though the light

of no one of the single stars could have aflected the unassisted eye.

64 Perhaps, among the farthest objects that can make an impression on
the eye, when not assisted by telescopes, may be reckoned the

nebula in the girdle of Andromeda discovered by Simon Marius in

1612.

64 It has been shown that brightness or light is to the naked eye truly

represented by —_; in a telescope, therefore, the light admitted will

A-

1

be expressed by --. Hence it would follow that the artificial

power of penetrating into space should be to the natural one as A
to a. But this proi)ortion must be corrected 1)y the practical defi-

ciency in light reflected and transmitted.

65 As the result of many experiments with plane mirrors, polished like

my large ones, and of the same composition of metal, I find we shall

have, in a telescope of my construction, with one reflection, 63,796

rays, out of 100,000 come to the eye. In the Newtonian form,

with a single eye-lens, 42,901 ; and, with a double eye-glass, 40,681

will remain for vision.

65 Since the brightness of luminous objects is inversely as the squares

of the distances, it follows that the penetrating power must be as

the square roots of the light received by the eye.

66 In natural vision, therefore, this power is truly expressed by V^T
and since we have now also obtained a x^roper correction x, we must
apply it to the incident light with telescopes.

66 In the Newtonian and other constructions where two specula are

used there will also be some loss of light on account of the inter-

position of the small speculum ; therefore, putting 1) for its diameter,

we have a- &- for the real incident light. This being corrected as

above, will give the general ex])ression \/xl x A- &- for the same

power in telescopes.

66 Then, if we put natural light I =^ 1, and divide by a, we have the

general form ^-^ " for the iienetrating power of all sorts of
a

telescopes, compared to that of the natural eye as a standard.

66 In the following investigation we shall siippose a= two-tenths of an

inch.

67 *' In the year 1776, when I had erected a telescope of 20 foot focal

length, of the Newtonian construction, one of its effects by trial

was, that when towards evening, on account of darkness, the nat-

ural eye could not penetrate far into space, the telescope possessed
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that power sufficiently to shew by the dial of a distant church
steeple what o'clock it was, uotwithstanding the naked eye could
no longer see the steeple itself. Here I only speak of the penetrat-
ing power ; for though it might require magnifying power to see tho
figures on the dial, it could require none to see the steeple."

The space-penetrating power of this telescope was 33.99.

1800 90 G8-81 [Dimensionsofvarioustelescopesuscdby Herschel, and their calcu-
lated space-penetrating powers are given, together wit h a large num-
ber of examples (luoted from his note-books illustrative of tho rela-

tions of maguifyiug and space-penetrating powers.]
8-2 Comparison of the space-penetrating power of 20-foot telescope calcu-

lated according to the principles developed in this paper with that
deduced from observation, as given in Phil. Trans., vol. 75, p. 247,

248. A substantial agreement leads to the conclusion that no single

star above 489.551, or at most 612 times as far as Siriits, can any
longer be seen in this telescope.

83 The space-penetrating power of the large reflector was 192; admit-
ting that stars of the 7th magnitude are visible to the unassisted eye,

this telescope would show stars of tho l,342d magnitude. There-

fore, a cluster of 5,000 stars might be seen by the 40-foot reflector at

a distance at least 300,000 times that of the nearest fixed star.

84-85 The calculated time necessary to sweep t he whole heavens with the 40-

foot telescope, assuming 100 liours of ol)serving time in the year as

the most i)robal)le deduction from experience, is 812 years.

[Dated] Slough, near Windsor, June 20, 1799.

1800 90 255 Investigation of the Poivcrsoftheprismatic Colours to heat and illuminate Ob-

jects ; with remarJxs that prove the <liff( rent Eefraufiibili li/ of radiant Heat.

To which is added an Ineiuirij into the Method of vicwinr/ the Sun advan-

tatjeoushj with Telescopes o/ lareje Apertures and high magnifijing Powers.

By William Hehschel, LL. D., F. K. S. Read March 27, 1800.

255 "If is sometimes of great usi^ in natural philosophy to doubt of things

that are commonly taken for granted ; especially as the means of

resolving any doubt, when once if is entertained, are often within

our reach.

25G " In a variety of experiments I have occasionally made relating to the

method of viewing the sun, with large telescopes, to the best advan-

tage, I used various combinations of differently coloured darkening

glasses. What appeared remarkable was that when I used some of

them I felt a sensation of heat, though I had but little light ; while

others gave me much light, with scarce any sensation of heat. Now,

as in these different combinations the sun's image was also differently

coloured, it occurred to me that the prismatic rays might have the

power ofheating bodies very unequally distributed among them; and

as I judged it right in this respect to entertain a doubt, it appeared

equally proper to admit the same with regard to light. If certain

colours should be more apt to occasion heat, others might, on the

contrary, be more fit for vision, by possessing a superior illuminat-

ing power. At all events, it would be proper to recur to experi-

ments for a decision."

256-2G0 Eight experiments to test heating power of red, green, and violet

regions of the prismatic spectrum.

201 As a result, we have the proportion of the rising of the thermometer in

red to that in green as more than 2J to 1 ; in red to violet about 3^ to 1.
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1800 90 2G2 JExperimenfs on the illuminating Poiver of coloured Baj/s.

262-270 Teu cxperiraoiits on tho visibility of objects ilhirainated by dif-

ferently coloured light.

268 "The maximum of illumination lies in the briglitest yellow or palest

green.

"

270 "May not the chemical properties of the prismatic coloiirs be as dif-

ferent as those which relate to light ^and heat? Adequate methods
271 for an investigation of them may easily be found ; and we cannot

too minutely enter into an analysis of light, which is the most subtle

of all the active ])rinciples that are concerned in the mechanism of

the operations of nature." *

Eadiant Heat is of different Rcfrangihility.

^ "I must now remark that my foregoing experiments ascertain beyond
a doubt that radiant heat, as well as light, whether they he the

same or diiferent agents, is not only refrangible, but is also subject

272 to the laws of dispersion arising from its different refraugibility
;

and, as this subject is new, I may be permitted to dwell a few mo-
ments upon it. The prism refracts radiant heat, so as to separate

that which is less efficacious from that which is more so. Tho
whole quantity of radiant heat contained in a sunbeam, if this dif-

ferent refrangibility did not exist, must inevitably fall iiniformly

on a space equal to the area of the prism ; and if radiant heat were

not refrangible at all, it would fall upon an equal space in the place

where tho shadow of the prism, when covered, may be seen. But,

neither of these events taking place, it is evident that radiant heat

is subject to the laws of refraction, and also to those of the different

refrangibility of light. May not this lead us to surmise that radiant

heat consists of pai'ticles of light of a certain range of momenta,
and which range may extend a little farther on each side of refrangi-

bility than that of light ? We have shewn that in a gradual ex-

posure of the thermometer to the rays of the prismatic spectrum,

beginning from the violet, we come to the maximum of light long

before we come to that of heat, which lies at the other extreme. By
several experiments, which time Avill not allow me now to report,

it appears that the maximum of illumination has little more than

half the heat of the full red rays; and, from other experiments, I

likewise concluded that the full red falls still short of the maxi-

mum of heat, which perhaps lies even a little beyond visible re-

fraction. In this case, radiant heat will at least partly, if not

chiefly, consist, if I may be permitted the expression, of invisible

light; that is to say, of rays coming from the snn, that have such
^ a momentum as to be unfit for vision. And, admitting, as is highly

probable, that the organs of sight are only adapted to receive im-

273 pressions from j^articles of a certain momentum, it explains why
the maximum of illumination should be in the middle of the re-

frangible rays, as those which have greater or less momenta are

likely to become equally unlit for impressions of sight. Whereas,

in radiant heat, there may be no such limitation to the momentum
of its particles. From the powerful effects of a burning lens, how-
ever, we gather the information that the momentum of terrestrial

radiant heat is not likely to exceed that of the sun, and that, con-

sequently, the refraugibility of calorific rays cannot extend much
beyond that of colourific light. Hence, we may also infer that the
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invisible heat of rcd-Iiot iron, iinnliialiy cool. mI till it ceases lo sliine,

has the nionientiiui of the invisible rays which, in tlie solar si)cctrum
viewed by daylight, go to the confines of the red ; and this will afford
an easy solution of the r<'tleetion of invisible heat by concave mir-
rors."

1800 90 273 AppUeaiion of the lltsvU of the foir;ioiin/ oh.scrr(i(ion>i to the Method of
rirwhig the Sun advantageomlij with Tvlescopex of lartje Apertures and
hiijh matjuiftjinci Powers.

'274 Eelation of experience which led to investigation.

275-276 Experiments on the absori)tion of various media.
277 Telescopic Experiments.

277-282 Description of twenty-seven experiments to determi ne the best form
of sun-glass for telescopes.

283 Certain precautions to be observed in using telescopes on the sun.

[Dated] Slough, near Windsor, March 8, 1800.

1800 90 284 Experiments on the Befranfiibilitif of the invisible liajis of the Sun. By
William HKRScnEL, LL. D., F. R. S. Read April 24, 1800.

284 Description of method. Three sensitive thermometers were placed
upon a small stand upon which a spectrum of the sunlight was
caused to fall.

285 Report of first experiment. A thermometer J inch beyond limit of

visible red rose 6| degrees in 10 minutes.

286 Report of second experiment. As a result it was ''evident that there

was a refraction of rays coming from the sun, which, though not

tit for vision, were yet highly invested with a power of occasioning

heat."

287-288 Experiments at the violet end of the spectrum.

"From these last experiments I was now sufficiently persuaded that

no rays which might fall beyond the violet could liave any percepti-

ble power, either of illuminating or of heating ; and that both these

jjowers continued together throughout the prismatic spectrum, and
ended where the faintest violet vanishes."

289-290 Experiments to determine the situation of the maximum of the

heating powei'.

291 "The 5th and 6th experiments show, that the power of heating is ex-

tended to the utmost limits of the visible violet rays, but not beyond

them, and that it is gradually impaired as the rays grow more refran-

gible.

"The four last experiments prove, that the maximum of the heat-

ing power is vested among the invisible rays; and is probably not

less than half an inch lieyond the last visible ones, when projected

in the manner before mentioned. The same experiments also show,

that the sun's invisible rays, in their less refrangible state, and con-

siderably beyond the maximum, still exert a heating power fully

equal to that ofred-coloured light ; and that, consequently, ifwe may
infer the quantity of the efficient from the effect produced, the invis-

ible rays of the sun probably far exceed thcA-isible ones in number.

"To conclude, if we call light, those rays which illuminate objects, and

radiant heat, those which heat bodies, it may be inquired whether

light be essentially different from radiant heat ? In answer to which

I would suggest, that we are not allowed, by the rules of philoso-

phizing, to admit two different causes to explain certain effects, if
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they may be acconnted for by one. A beam of radiant heat, eman-

ating from the sun, consists of rays that are differently refrangi-

ble. The range of their extent, when dispersed by a prism, begins

at violet-coloured light, where they are most refracted and have

the least efficacy. Wo have traced these calorific rays throughout

the whole extent of the prismatic spectrum; and found their power

iucreasing, while their refrangibility was lessened, as far as to the

1800 90 292 coufiuesofrcd-ccloured light. But their diminishing refrangibility

and increasing power did not stop here ; for we have pursued them

a considerable way beyond the imsmaVic spectrum, into an invisible

state, still exerting their iucreasing energy, with a decrease of re-

frangibility, up to the maximum of their power; and have also

traced them to that state where, though sMU refracted, their energy,

on account, we may suppose, of their now failing density, decreased

pretty fast; after which the invisible Qiermomelrieal sin-ctrum, if I

may so call it, soon vanished.

"If this be a true account of solar heat, fur the support of which I

appeal to my experiments, it remains only for us to adaiit that such

of the rays of the sun as have the refrangibility of those which

are contained in the prismatic spectrum by the construction of the

organs of sight are admitted under the appearance of light and
colours ; and that the rest, being stopped in the coats and humours

of the eye, act upon them, as they are Icuown to do upon all the

other parts of our body, by occasioning a sensation of heat."

Explanation of Plate XI, in which is given a view of the apparatus.

[Dated] Slough, near Windsor, March 17, lyOO.

1800 90 293 Ex2}erime)tts on the solar and on the ierrestiiaJ liaijs that occasion Heat

;

u-ith a eomparative view of the Latvs to which Light and Heat, or rather

the Rays which occasion them, are subject, in order to determine whether they

are the same or different. By William Herschel, LL. D., F. R. S.

Part I. Read May J5, 1800.

"The word heat, in its common acceptation, denotes a certain sen-

sation well known to every person. The cause of this sensation,

to avoid ambiguity, ought to have been distinguished by a name
different from that Avhich is used to point out its effect. Various

authors, indeed, avIio have treated on the subject of heat, have

occasionally added certain terms to distinguish their conceptions,

such as latent, absolute, specific, sensible heat, while others have

adopted the new expressions of caloric and the matter of heat.

None of these descriptive anpellatious, however, would have com-

pletely answered my purpose. I might, as in the x»receding papers,

have used the name radiant heat, which has been introduced by a

celebrated author, and which cei'taiulj' is not very different from

the expressions I have now adopted ; but by calling the subject of

my researches the rays that occasion heat I cannot be misunderstood

as meaning that those rays themselves are heat, nor do I in any re-

spect engage myself to show in what manner they produce heat.

"From what has been said it follows that any objections that may
be alleged from the supposed agency of heat iu other circum-

294 stances than in its state of radiance or heat-making rays cannot

be admitted against my experiments. For, notwithstanding I may
be inclined to believe that all phenomena iu which heat is con-

cerned, such as the expansion of bodies, fluidity, congelation, fer-
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mcutation, friction, etc., as well as heat in its various states of

being:, latent, specitic, absoUite, or sensilil<% may bo explained on

the principle of heat-makiufr rays, and vibrations occasioned by

them in the parts of bodies; yet this is not intended at present to

be any part of what I shall endeavor to establish.

" I must also remark that in usinuj the word rays I do not mean to

oppose, much less to countenance, the opinion of those philosophers

who still believe that light itself comes to us from the sun, not by

rays, bat by the supposed vibrations of an elastic other, every-

where diffused throughout space. I only claim the same privilege

lor the rays that occasion heat which they are willing to allow to

those that illuminate objects. For, in what manner soever this

radiance may be effected, it will be fully proved hereafter that the

evidence, either for rays or for vibrations which occasion heat,

stands on the same foundation on which the radiance of the illumin-

ating principle, light, is built."

"We shall begin with the heat of luminous bodies in general, such

as, in the first place, we have it directly from the sun ; and as, in

the second, we may obtain it from terrestrial Hames, such as torches,

candles, lamps, blue-lights, etc.

1800 90 295 "Our next division comprehends the heat of coloured radiants. This

we obtain, in the tirst place, from the sun, by separating its rays in

a prism; and, in the second, by having recourse to culinaryHres,

openly exposed.

"The third division relates to heat obtained from radiants, where

neither light nor colour in the rays can be perceived. This, as I

have shown, is to be had, in the first place, directly from the sun, by

means of a prism applied to its rays; and, in the second, we may

have it from fires inclosed in stoves, and from red-hot iron cooled

till it can no longer be seen in the dark.

'
' Besides the arrangement in the order of my experiments which would

arise from this division, we have another subject to consider. For,

since the chief design of this paper is to give a comparative view

of the operations that may be performed on the rays that occasion

heat, and of those which we already know to have been etiected ou

the rays that occasion light, it will be necessary to take a short re-

view of the latter. I shall merely select such facts as not only are

perfectly well known, but especially such as will answer the inten-

tion of my comparative view, and arrange them in the following

order: 1. Light, both solar and terrestrial, is a sensation occasioned

by rays emanating from luminous bodies, which have a power of

illuminating objects; and, according to circumstances, of making

them appear of various colours. 2. These rays are subject to the

laws of reflection. 3. They are also subject to the laws of refrac-

296 tion. 4. They are of different refrangibility. 5. They are liable

to be stopped, in certain proportions, when transmitted through

diaphanous bodies. G. They are liable to be scattered on rough

surfaces. 7. They have hitherto been supposed to have a power of

heating bodies ; but this remains to be examined.

'•The similar propositions relating to heat, which are intended to be

proved in this paper, will stand as follows: L Heat, both solar and

terrestrial, is a sensation occasioned by rays emanating fi'om candent

substances, which have a power of heating bodies. 2. These rays
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are subject to the laws of reflection. .3. They are also subject to

the laws of reflection. 4. They are of difi'erent refrangibility. 5.

They are liable to be stopped, in certain proportions, when trans-

mitted through diaphanous bodies. 6. They are liable to be scat-

tered on rough surfaces. 7. They may be supposed, when in a cer-

tain state of energy, to have a power of illuminating objects; but
this remains to be examined."

1800 90 297 1st Experiment. Ecjlcclion of the Heat of the Sun.

A thermometer was exposed at the eye end of a ten-feet Newtonian
telescope. The rays, after three regular reflections, caused the
thermometer to rise r)8 degrees. The experiment cannot ascertain

whether these rays were those of light or not.

2d Experiment. Reflection of the Heat of a Candle.

The ball of a thermometer, placed in the secondary focus of a steel

mirror, received 3J degrees of heat in five minutes.

298 3d Experiment. liejlection of the Heat that accompanies the Solar Pris-

matic colours.

The same mirror was covered by a piece of pasteboard, which, through

a proper opening, admitted all the visible colors to fall on its pol-

ished surfaces, but excluded every other ray of heat that might be

either on the violet or on the red side, beyond the spectrum. The
299 thermometer in the focus rose 35 degrees above its stationary posi-

tion in the direct red rays when the mirror was covered. " Thus
the prismatic colours, if they are not themselves the heat-making

rays, are at least accompanied by such as have a power of occasion-

ing heat, and are liable to be regularly reflected."

4th Experiment. Reflection of the Heat of a red-hot Poker.

300 5th Experiment. Reflection of the Heat of a Coal Firehy aplain Mirror.

301 6th Experiment. Reflection of Fire-heat by a Prism.

302 7th Experiment. Reflection of Invisible Solar Heat.

On a board about 4 feet 6 inches long was placed at one end a small

plain mirror, and at the other two sensitive thermometers. Upon
this board was projected a prismatic spectrum, and just beyond the

limit of the red rays the mirror was stationed so as to reflect invis-

ible rays to the ball of one of the thermometers. In ten minutes

303 this thermometer stood four degrees above the other.

304 8th Experiment. Reflection and Condensation of the Invisible Solar Rays-

At the focus of a concave mirror was placed the ball of a thermome.

ter. Upon the mirror was thrown a prismatic spectrum which cov-

ered half the mirror. This half was covered by a pasteboard screen

so that only invisible rays were reflected to the ball of the ther-

mometer. In one minute the thermometer rose 19 degrees.

9th Experiment. Reflection of Invisible Culinary Heat.

10th Experiment. Reflection of the Invisible Rays of Heat of a Poker,

cooled from being red-hot till it could no longer be seen in a dark Place.

11th Experiment. Refraction of Solar Heat.

The rays from the sun, falling on the mirror of a Newtonian tele-

scope 24 inches in diameter, were transmitted after reflection through

the four lenses of an eye-piece and allowed to fall on the ball of a

thermometer.

12th Experiment. Refraction of the Heat of a Candle.

309 The image of a candle flame was thrown upon the ball of a thermom-
eter by a lens 1.1 in diameter.

305

306-307

308
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1800 90 310 i:?tli Experiment. Refraction of the Ileal that aeeompaniea the Coloured
part of the Prismatic S2)eetrain.

A burning lens 9 iuelies iu diiimeter was covered by a piece of paste-
board in which there was an opening of a sufficient size to admit
all the coloured part of the prismatic spectrum. As the thermom-
eter showed rise of temperature, the conclusions were, that if the
coloured rays themselves are not of a heat-making nature, they are
at least accompanied with rays that have the power of heating

311 bodies, and that these rays are subject to certain laws of refraction

which cauiHjt differ nnich from those affecting light.

311-312 14th Experiment. Refraction of the heat of a Chimney Fire. The
same burning glass before the clear fire of a large grate.

313-314 15th Experiment. Refraction of the Heat of a Red-hot Iron. This
was by a lens of 1.1 inches diameter.

315-31G 16th Experiment. Refraction of lire-heat hy an Instrument resem-

hling a Telescope.

317 17th Experiment. Refraction of the Invisible rays of Solar Heat. The
burning kus of 9 inches diameter was half covered by a screen of
pasteboard, upon which the prismatic spectrum was thrown, keep-

ing the last visible red colour one-tenth of an inch from the edge of

the pasteboard. The thermometer, which had its ball at the focus

for red rays, showed great increase of temperature; but at the same
time exhibited a slight red colouration. This occasioned a surmise

that possibly the invisible rays of the sun might become visible, if

they were properly condensed.

318 18th Experiment. Trial to render the Invisible Rays of the Sun Visible

by Condensation.

The previous experiment was modified so that the last visible red

colour was two tenths of an inch from the margin of the paste-

board. Here a marked increase of temperature was evinced with-

out a vestige of light.

319 19th Experiment. Refraction of Invisible Culinary Heat.

A heated cylinder of iron was placed on one side of a lens of 1.1 inches

diameter, and the ball of a thermometer in the secondary focus on

the other side of the lens. A small pasteboard screen was alternately

removed from before the thermometer and replaced, the thermometer

exhibiting corresponding rise and fall of temperature, from a bright

red heat of the cylinder down to its weakest state of black heat.

320-321 20ih Experiment. Confirmation of the l^th.

322 "As we have now traced the rays which occasion heat, both solar and

terrestrial, through all the varieties that were mentioned in the be-

ginning of this paper, and have shown that in every state they are

subject to the laws of reflection and refraction, it will be easy to per-

ceive that I have made good a proof of the first three of my prop-

ositions. For the same experiments which have convinced us that,

according to our second and third articles, heat is both reflexible

and refrangible, establish also its radiant nature, and thus equally

prove the first of them."

[Dated] Slough, near Windsor, April 2^, 1800.

323-326 Explanation of the Figures. Plates Xll, Xll, XIV, XV, and XVI.

1800 90 437 Experiments on the Solar and on the Terrestrial Rays that occasion Heat;

with a comparative View of the Laics to which Light and Heat, or rather

the Rays ivhivh occasion them, are subject, in order to determine whether
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they arc the same or different. By William Herschel, LL. D.,F. R. S.

Part II. Read Nov. (5, 1800.

"The next three articles of this paper will require, that while we
shew the similarity between light and heat, we should at the same
time point out some striking and substantial differences, which will

1800 90 438 occur in onr experiments on the rays which occasion them, and on

which hereafter we may proceed to argue, when the question re-

served for the conclusion of this paper, whether light and heat be
occasioned by the same or different rays, comes to be discussed."

Art. IV. Different EefrangibiliUj of the Bays of Heat.

439 Construction of a curve, from experiments before described, the ab-

scissas of which represent the arrangement of colours in the pris-

matic spectrum, and the ordiuates the corresponding luminous in-

tensity.

440 Construction of a curve which, in a similar manner, represents the

distribution of heat in a j)rismatic spectrum.

''A mere inspection of the two figures, which have been drawn as

lying on each other, will enable us now to see how very differently

441 the prism disperses tbe heat-making rays, and those which occasion

illumination. * * * These rays neither agree in their mean
refrangibility nor in the situation of their maxima."

441-442 21st Experiment. The sines of Befraction of the heat-makitig Bays are

in a Constant Batio to the sines of Incidence. Ten different refracting

angles of various media were used.

443 22nd Experiment. Correction of the Different Befrangihility of Heat hy

contrary Befraction in Different Mediums. An achromatic combina-

tion of two crown prisms and one flint deflected no heat outside the

visible spectrum.

444 23rd Experiment. Li Burning-glasses the Focus of the Bays of Heat is

Different from the Focus of the Bays of Light.

445 Art. V. Transmission of Heai-maJcing Bays.

446-448 Description of apparatus for this investigation.

447 [Foot-note.] Theory of the sensibility of thermometers.

449 Transmission of Solar Heat through Colourless Substances.

24th Experiment. The transmission of rays by a piece of bluish-white

glass measured.

450 Reference to Table 7 at the end of the paper, which gives the propor-

tion of light transmitted by various substances, solid and liquid,

white and coloured.

451 25th Experiment. Transmission through a piece of flint glass J inch

thick.

452-453 Experiments 26 to 30. Transmission through crown glass, coach

glass, Iceland crystal, and two varieties of talc.

453 Transmission of Solar Heat through Glasses of the prismatic colours.

453-456 Experiments 31 to 43.

456 Transmission of Solar Heat through Liquids.

457-458 Experiments 44 to 49. Transmission through well-water, sea-

water, spirits of wine, gin, and brandy.

458 Transmission of Solar Heat through Scattering Substances.

458-462 Experiments 50 to 62. Transmission through various pieces of

ground glass, an olive-coloured glass, calcined talc, white paper,

linen, white jiersian, and black muslin.

462 Transmission of Terrestrial Flame-heat through various Substances.
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1800 90 462-4()3 Description of apparatus used.

464-470 Experiments 63 to 93. Transmission of lieat from a candle Hame
tlirough the various substances used betore.

470 TraxsmissioH of the Solar Heat which h of an Equal Hrfranr/ihilily with
lied PrwmaUc Bays.

470-471 Description of apparatus us(^d.

471-476 Experiments 94 to 116. Transmission of red solar rays tbrougb the
substances used before.

476 Transmission of Fire-Heat through rarions Substances.

476-477 Description of apparatus.

477-485 Experiments 117 to 147. Transmission of heat from a grate fire

through the same plates before used.

485 Transmission of the Invisible Eays of Solar Heat.

485-490 Experiments 148 to 169.

490 Transmission of Invisible Terrestrial Heat.

490-492 Method and apparatus employed.

492-497 Experiments 170 to 194. Transmission of heat from a stove by the

plates before used.

497 Art. VI. Scattering of Solar Heat.

497-498 Description of apparatus.

499-506 Experiments 195 to 219. Determinations of the amount of heat

scattered l)y various kinds of paper, textile fabrics, metals, &c.

506 Art. VII. Whether Light and Heat be occasioned by the same or by Differ-

ent Bays.

506 " Before we enter into a discussion of this question it appears to me
that we are authorized, by the experiments which have been de-

livered in this paper, to make certain conclusions that will entirely

alter the form of our enquiry. Thus, from the 18th experiment it

appears that 21 degrees of solar heat were given in one minute to

a thermometer by rays which had no power of illuminating objects

and which could not be rendered visible, notwithstanding they

were brought together in the focus of a burning lens. The same

has also been proved of terrestial heat iu the 9th experiment, where

in one minute 39° of it were given to a thermometer by rays totally

invisible, even when condensed by a concave mirror. Henr a it is

established, by incontrovertible facts, that there are rays of heat,

both solar and terrestrial, not endowed with a power of rendering

objects visible.

"It has also been proved, by the whole tenour of our prismatic ex-

periments, that this invisible heat is continued, from the beginning

of the least refrangible rays towards the most refrangible ones in a

series of uninterrupted gradation, from a gentle beginning to a

certain maximum, and that it afterwards declines as uniformly to

a vanishing state. These phenomena have been ascertained by an

instrument which, figuratively speaking, we may call blind, and

which, therefore, could give us no information about light
;
yet,

by its faithful report, the thermometer, which is the instrument

alluded to, can leave no doubt about the existence of the different

degrees of heat in the prismatic spectrum.

''This consideration, as has been observed, must alter the form of

our pn)poscd inquiry, for the question being thus at least partly

decided, since it is ascertained that we have rays of heat which

give no light, it can only become a subject of inquiry whether
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some of these lieat-makiug rays may not have a power of render-

ing objects visible, superadded to their now already established

power of heating bodies."

1800 90 508 " It has been shown that the effect of heat and of illumination may-

be represente<l by the two united spectra which we have given."

"Now when these are compared it appears that those who would

have the rays of heat also to do the office of light must be obliged

to maintain the following arbitrary and revolting positions, namely

:

that a set of rays conveying heat should all at ouce, in a certain

part of the spectrum, begin to give a small degree of light ; that

this newly acquired j)ower of illumination should increase while

the power of heating is on the decline ; that when the illuminating

principle is come to a maximum it should in its turn also decline

very raijidly and vanish at the same time with the power of heating.

How can effects that are so opposite be ascribed to the same cause ?
"

509 Relation of the refraugibility of the maximum heat-making rays

and that of the rays of maximum luminousity.

Table I.—Containing the results of experiments 24 to 30.

510 Table II.—Containing the results of experiments 31 to 43, followed

by a discussion of the same.

511 Table III.—Results of experiments on liquids.

511 Table IV. Containing the stoppages occasioned by scattering sub-

stances.

512-519 Argument founded upon the data contained in these four tables.

The general course of this argument is that, assuming the heat-

making rays and rays of light to be of the same nature, a ratio of

the efficacy' of the invisible rays to that of the luminous rays de-

rived from one set of experiments is incompatible with the ratio

derived from any other set. Under the assumption that the heat-

making rays are essentially different from light rays, this incom-

patibility does not appear.

520 Table V. Stoppage of Prismatic Heat of the BefrangibiUty of the Bed

Bays, and of the Invisible Bays.

[The measurements on dark-red glass here quoted is Herschel's de-

cisive experiment, proving that heat-making rays are not the same

by nature as the light rays. The experiment involves a i^hotome-

tric determination not described, the result of which is, however,

quoted.]

521-523 Argument founded upon data in above table.

524 Table VI. Containing the results of the experiments on the trans-

mission of terrestrial heat.

525-527 Showing the impossibility of explaining these results by any as-

sumption as to the ratio of the eflicacy of visible and invisible rays.

528 Table of the Transmission of Terrestrial Scattered Light through various

Substances; with a short Account of the Method by ivhich the Besults

contained in this Table have been obtained.

528-531 Description of the method and apparatus used, both being founded

upon the principles of Bouguer. The sources of scattered light

were vanes of white paper illuminated by a lamp.

532-533 Table VII. This table contains the transmitting power for light

of nearly all the substances used in the experiments of this paper.

533 Table of the Propoiiionul Terrestrial Light Scattered by various S-ub-

stances.
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1800 90 533-534 Method of determination.

534-535 Table VIII. Containing the relative scattering power of thirty-

three bodies.

535-538 Explanation of the Platex.

1801 91 205 Observations icndintj to investigate the Xature of the Sun in order to find
the Causes or Sijinjitoins of its variable Emission of Li{fht and Heat;
with Bemarks on the Use that may possibly be dratvn from Solar Obser-

vations. By William Heijschel, LL. D., F. R S. Read April 16,

1801.

265-266 Reference to Herschel's view, given on a former occasion, that
the sun is a magnificent habitable globe ; declaration that these more
recent observations support that view; and a statement as to the
importance of solar observations in their bearing upon the climate,

together with an opinion that such observations will enable us to

predict the character of a season.

267-268 Definitions of the terms, openings, shallows, ridges, nodules, corru-

gations, indentations, and pores.

269 Exx)lanatiou of the form of the paper and the reasons for it.

270 Of openings. Openings arc Places ivhere the luminous Clouds of the Sun
are removed.

[Foot-note.] For a geometrical proof of the depression of openings

a reference to a paper by Alexander Wilson, Phil. Trans,, vol.

64.

271 Large Openings have generally ShalJows about them. Many Openings are

without Shallotvs. Small Openings are genei-ally without Shalloivs.

Openings have generally Ridges and Nodules about them.

272 Openings have a Tendency to run into each other. Neiv Openings break out

near other Openings. Probable Cause of Openings.

273 Direction and Operation of the disturbing Cause.

274 Maxima of Openings.

275 There is some Difference in the colour of Openings. Openings divide rvhen

they are decaying.

276 Decaying Openings sometimes ino'case again. When Openings are divided

they grow less and vanish. Decayed Openings sometimes become large

Indentations.

277 Decaying Openings turn sometimes into Pores. When Openings are van-

ished, they leave Disturbance behind.

278 Apparent Vieio into the Openings, under luminous liidgcs and Shalloivs.

Depth of the Openings indicated by their Darkness.

279 Distance between the Shalloivs and solar Surface, indicated by the free

Motion of low Clouds.

280 Of Shallows. Shallows are dejyressed below the general Surface of the

Sun; and are Places where the luminous solar Clouds of the upper Re-

gions are removed. The Tliickncss of the Shallows is visible.

281 Sometimes there arc Shalloivs tvithout Openings in them. Incipient Shalloivs

come from the Openings, or branch out from Shallows already formed,

and go forwards. Probable Cause of Shallows.

283 Shallows have no Corrugations, but are tufted. Decay of Shallows.

283 Of Ridges. Ridges are Elevations above the general Surface of the lu-

minous Clouds of the Sun.

284 Length of a Ridge. Ridges generally accompany Openings. Ridges are

also often in Places where there are no Openings.

S. Mis. 31 37
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1801 91 285 Ridges disperse very soon. Different Causes of Bidges hinted at.

286 Of Nodules. Nodules are small, but highly elevated, luminous Places.

Nodules may he Bidges foreshortened.

287 Of Corrugations. Corrugations consist of Elevations and Depressions.

Corrugations extend all over the Surface of the Sun.

288 Dispersed Bidges or Nodules make Corrugations. Corrugations change

thtir Shape and Situation ; they increase, diminish, divide, and vanish

quickly.

289 Of Indentations. The dark places of Corrugations are Indentations.

290 Didentalions are without Openings. In some places the Indentations con-

tain small Openings. The Elevations and Indentations of Corrugations

are of different Figures. Indentations change to Openings.

291 Indentations are of the same Nature as Shallows. Indentations are low

Places, which often contain very small Openings. Indentations are of

different Sizes. Indentations are extended all over the Sun.

292 With low magnifying Powers, Indentations tvill appear like Points.

292 Of Pores. The low places of Indentations are Pores. Pores increase

sometimes, and become Ojienings. Pores vanish quickly.

293 Of the Regions of solar clouds.

Changes in the Solar Clouds happen continually.

294 There are two different Regions of Solar Clouds.

Tlie inferior clouds are opaque, and probably not nnlike those of our

Planet.

295 Quantity of light reflected from the inferior Planetary Clouds.

297 Indentations are planetary Clouds, reflecting light through the open Parts

of the Corrugations. The opaque inferior Clouds probably suffer but

little of the light of the self-luminous superior Clouds to come to the Body

of the Sun. Motion of the inferior Clouds.

298 Motion of the superior Clouds.

299 Eminent Use of the planetary Clouds.

300 Of THE SOLAR atmosphere. The Sun has a planetary Atmosphere. The

Sun^s planetary Atmosphere extends to a great Height. The planetary

Atmosphere of the Sun is of great Density.

301 The Solar Atmosphere, like ours, is subject to Agitations, such as with us

are occasioned by Winds. There is some clear Atmosjyheric Space, be-

tween the solid Body of the Sun and the lowest Begion of the Clouds.

302 The Sun^s planetary Atmosphere is transparent.

303 Theoretical explanation of the solar phenomena.
Generation of Pores.

304 Formation of Corrugations. Cause of Indentations.

305 Cause of the mottled Appearance of the Sun. Formation of small Open-

ings, Bidges, and Nodules. Production of large Ojienings and Shal-

lows.

306 Signs of scarcity of luminous matter in the sun.

Visible Deficiency of empyreal Clouds. A perfect Calm in the upper i?e-

gions of solar Clouds. Want of Openings, Bidges, and Nodules.

307 Many Indentations ivithoul, and others tvith, changeable Pores.

308 Signs of abundance of luminous matter in the sun.

Visible Increase of empyreal Clouds. Many Openings, Bidges, and No-

dules.

310 Coarse and luminous Corrugations.

[Each of the above headings is followed by quotations from Her-
schel's Journals in confirmation].
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1801 91 310-318 A goiHTiil discussion of Mio coiicliisions to bo deduced from the

observations quoted iu this pajxT. [To IIkusciiel it seemed that

the absence of Openings, Ridges, and Nodules, indicated a scarcity

of luminous nuxtter iu the sun, and, therefore, that the seasons

during which such conditions of the sun were recorded ought to bo

of a lower temperature. He iinds support for this view iu tho

higher price of wlu^at during th(^ live recorded i)criods of scarcity

of sun spots.]

318 Explanation of the 1st, 'Jd, 11th. and I'ith figures of Plates XVIII

and XIX.

1801 91 354 Additional Observalioiis tcndimj to investigate the SiimptoinH of the variable

Einmion of the Light and Heat of the Sun; with Trials to set anidc dark-

ening Glasses, hy transmitting the Solar Puiiis through Liquids; and a

few Remarks to remove Objections that might be made against some of the

Arguments contained in the former Paper. By William Hf.usciikl,

LL. D., F. R. S. Read May 14, 1801.

354-355 Considerations as to the relations i)f the con<lition of the sohir sur-

face and the weather.

355 "Before I proceed, I must hint to those who may bo willing to attend

to this subject, that I have a strong suspicion that ouo half of our

suu is less favorable to a copious emission of rays thau the other;

and that its variable lustre may possibly appear to otlier solar sys-

tems, as irregular periodical stars are seen by us; but, whether this

arises from some permaiient construction of the solar surface, or is

356 merely au accidental circumstance, must be loft to future investi-

gation: it should, however, be carefully attended to."

356-361 Observations of the sun.

361 Description of a skeleton eye-piece, into the vacancy of which may

be placed a moveable trough, shut at the ends with plain glasses,

80 that the sun's rays may be made to pass through any liquid, such

as spirits of wine. Port wine, mixture of ink and water, etc
,
placed

in the trough.

362 Explanation of the Figures. Plate XXVIII.

1802 92 213 Observations on the two lately discovered bodies. [Ceres and Pallas.] By

William Herschel, LL. D., F. R. S. Read May 6, 1802.

213 [Ceres] is of very small size. [Foot-note.] Its real diameter is not

as great as three-eighths of our moon.

214 Magnitude of the netv Stars. \_Ceres and Pallas.'\

April 1, 1802. I placed a lucid disc at a considerable distance from

the eye and viewed with one eye the magnified star (seen with a

7-foot reflector) and tlio lucid disc with the other.

215 By this mo* ns it appears that the real diameter of Ceres is not above

"o".40.
,, ,

215 Apiil 21. With a ten-foot reflector the same experiment gave 0'
.
38.

217 April 22. For Ceres the diameter was 0".22. For Pallas 0".17 and

0".13.

218 The real diameters are, then, Ceres 161.6 miles, Pallas 147 nules.

219 Of Satellites. [Observations on this subject.]

220 There is certainly no satellite to Ceres that can be seen with the 20-

foot reflector.

220 Of the Color of the neiv Stars. The color of Ceres is ruddy but not very

deep. Ceres is more ruddy than Pallas. Pallas is of a dusky whitish

color.
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1802 92 221 Of the Appearances of the new stars with regard to a Disk.

Ceres has a visible disk. Pallas^ disk I would ratlier call a nucleus.

221 Of the appearances of the new stars, with regard to an atmosphere or coma.

[Observations] probably no coma.

223 On the nature of the new Stars.

223 What are these new stars; are they planets or are they comets?

224 Planets defined (by 7 particular properties).

225 Our new stars cannot be called planets.

226 Comets defined (by 5 particular properties).

228 The new stars are not comets. They should be called Asteroids from
their resemblance to small stars.

229 Asteroids defined.

229 Statement of the reasons we have for expecting that additional aste-

roids may probably be soon found out.

229 I have already made five reviews of the zodiac without detecting^any

of these asteroids; their motion and not their appearance will bo

the future means of detecting them.

230 We have reason to believe that a number of asteroids may remain con-

cealed.

230 Comets may become asteroids.

231 Additional observations relating to the appearances of the asteroids Ceres

and I'allas.

The coma of Ceres not much greater than that of stars of the same
magnitude.

232 The fixed stars differ considerably in this resiJect among themselves.

232 The coma of Pallas not much more than for equal fixed stars.

1802 92 477 Catalogue of .500 nciv Xebulce, nebulous Stars, planetary ncbulcB and Clus-

lei's of Stars; with Remarks on the construction of the Heavens. By
William Hersciiel, LL. D., F. R. S. Read July 1, 1802.

After a sufficient number of celestial objects is found, there is a neces-

sity for a scientific classification. The former classification was
only for the convenience of the observer.

478 Enumeration of the parts that enter into the construction
OF the heavens.

I. Of Insulated Stars.

479 Notion of an insulated star—our sun is one.

480 The milky way consists of stars very difi"erently scattered from those

which are immediately about us.

480 By analogy we may admit that every insulated star may be attended

with planets, etc. I should hesitate to extend this analogy to every

star in the heavens, and even think that probably we can only look

for solar systems among insulated stars.

480 II. Of Binary Sidereal Systems or Double Stai-s.

481 Difference between a double and a binary star.

482 Difference between solar and sidereal systems.

482 No insulated stars of nearly an equal size and distance can appear

double to us.

483 Proof of this.

485 Casual situations will not account for the multiplied phenomena of

double stars, and their existence is owing to a general law of na-

ture—gravitation is that law.

486 I shall soon communicate a series of observations on double stara,

proving that many of them have already changed their situation with
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regard to each other in a progresnive course, denoting a periodical revolu-

tion round each other.

Our suu dofs not belouj^ to such a Hystein.

III. Of more complicated Sidereal Systems, or trchle, quadruple, quintuple,

and multijile stars.

1802 92 487 Theorem as to the permaneut connection of revolving stars, when the

forces acting on any one of them reduced to a direction as coming
from the empty centre are in the direct ratio of the distances from
that centre.

488-494 Hypothetical examples of such multiple stars.

494 Such combinations as I have mentioned are not the inventions of fancy

;

they have an actual existence ; and, were it necessary, I could point

them out by thousands.

495 I do not imagine that I have pointed out the actual manner in which

they are held together, but only the possibilities of such unions.

495 IV. Of Clustering Stars and the Milky Way.

Marks of clustering in the milky way. Example of the stars between

/i and Z Cygui.

49G "We may indeed partly ascribe the increase, both of brightness and

of apparent comi>ressiou, to a greater depth of the space which con-

tains these stars ; but this will equally tend to show their clustering

condition, for since the increase of brightness is gradual, the space

containing the clustering stars must tend to a spherical form if the

gradual increase of brightness is to be explained by the situation of

the stars."

V. Of groups of Stars. Definition.

497 VI. Of clusters of Stars. Definition.

Vll. Of Nebulw. Perhaps they are all to be resolved into the three

last-mentioned species.

498 Power of a telescope to penetrate not only space but time past.

499 VIII. Of Stars ivith Burs or Stellar Nebula^.

IX. Of Milky Nebulosity.

Probably of two kinds. 1st, apparent, which is formed by distant

["widely-extended"] clustering stars; and, 2d, real, and possibly

at no very great distance from us. The nebula of Orion of this lat-

ter kind.

500 X. Of Nebulous Stars.

501 XI. Of Planetary Nebula:

Perhaps they are allied to nebulous stars.

XII. Of Planetary Nebula; with Centres.

503 Catalogue.

216 to No. 22H

769 to No. 907

Nc. 748 to No. 978

.59 to No. 78

45 to No. 52

36 to No. 42

56 to No. 67

79 to No. 88

528 Plates XVI and XVII, 16 figures of hypothetical orbits of multiple

stars.

1803 93 214 Observations of the Transit of Mercury over the disk of the Sun; to which

is added an investigation of the causes which often prevent the proper

Class I
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action of Mirrors. By William Herschel, LL. D., F. R. S. Read

February 10, 1803.
.

1803 93 214 The observatious were made (1802, Nov. 9) with a glass mirror of 7

feet focus and 6.3 inches aperture under favorable conditions, and

215 also with a 10-feet reflector. Eye-pieces made of dark-green glass

and others smoked on the side next the eye were used.

216 No ring about the planet ; no distortion of the limbs of the sun or

Mercury at egress.

217 Mercury was perfectly spherical in figure.

217 Observations and exj,eriments relating to the causes ivhich often affect mir

rors, so as to prevent their shotving objects distinctly,

217 The experience of many years will enable me to assign the principa

causes of disappointments in the use of mirrors.

218 The following observations have all been made with specula of un-

doubted goodness, so that every cause which impeded their jiroper

action was extrinsic.

218 Moisture in the air. Damp air is no enemy to vision.

219 Fogs.

220 Frost.

221 Hoar-Frost; Dry-Air.

222 Northern-Lights; Windy-Weather; Fine in Appearance.

223 Over a Building; The Telescope lately brought out.

224 Confined Place; Haziness and Clouds.

225 Focal-length.

226 In order to see Avell with telescopes it is required that the tempera-

ture of the atmosphere and mirror should be uniform and the air

fraught with moisture.

AU the preceding observations are accounted for by this principle.

228 Experiments [on the effects of change of focal length of a speculum. ]

Heat applied back and front of a glass speculum lengthened the

focus.

230 With a metal mirror the focus became first shorter and then length-

ened.

231 In observing the sun similar effects may arise.

232 Perhaps these might be counteracted by an application of heat to

the back of the mirror or by an interception of it in front.

1803 93 339 Account of the changes that have happened during the last Twenty-Five

Years in the Belative Situation of Double-Stars ; tvith an investigation of

the Cause to which they are owing. By William Herschel, LL.D.,

F. R. S. Reai June 9, 1803.

339 In Phil. Trans., 1^502, p. 477, I have defined insulated stars. The dis-

covery of [Ceres and Pallas'] has enlarged our knowledge of the

system of insulated stars.

340 I have aheady shown that two stars may revolve about their common
centre of gravity; and that it is probable there would be many
such binary systems among all the stars of the heavens. But
neither of these reasons is a proof of the actual existence of such

systems. I Avill here give an account of observations which will go

to prove that many of them are not merely double in appearance,

but are real binary combinations, intimately held together by the

bond of mutual attraction.

341 In Plate VII, Fig. 1, call the place of the sun, O, of the larger star

of a double star, a, of the smaller, x-
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1803 93 341 There are three motions to be considered of the bodies O, a, x\ ^ mo-

tion of one, of two, or of all three.

341 Single Motions. If a and are at rest, a motion of x may he assumed

so as perfectly to explain any change of distance or of angle of

position of the two stars.

342 The effect of a motion of a or of O explained.

343 Double motions.

344 Motions of the three bodies.

345 [Observations] case of a Geminorum.

The distance has remained about constant for 23^ years.

345 In a reflector the apparent diameter of a star depends upon: the

aperture with respect to the focal length ; the distinctness of the

mirror; the magnifying power; the state of the atmosphere. By

contracting the aperture we can increase the apparent diameter;

want of distinctness does the same thing; an increase of maguify-

ino- power increases the distance apart of two stars, but this in-

crease is not proportional to the increase of the power, and sooner

or later comes to a maximum; the state of the atmosphere is the

most material condition, as we cannot alter it.

346 The other three causes are at our disposal. I took ten different mir-

rors of 7 feet focus, 6.3 inches aperture, magnifying power 460.

With these, one after another, I viewed a Geminorum. With each

one the distance of the components was the same.

346 When double stars are first seen they appear nearer together than

later.

347 I have known it to take up two or three months before the eye was

sufficiently acquainted with the object to judge with the requisite

precision.

347 The error of this method of estimating the distance of these two stars

is not above G".34.

348 The angle of position of these stars was in 1779, 32° 47' north-preced-

ing; it is now only 10° 53'. In 23i years it has diminished 21° 54 ;

this change has been regular and gradual.

348 Accuracy of the angles of position investigated by the deviation of

separate measures from the mean.

349 This micrometer, then, will give the position of a double star true to

about 1° from 2 measures; in tho worst circumstances the error

will not be 3°.
, ^ n

350 The cause of this change must be examined. A revolving star would

explain the alteration of the angle of position with no alteration of

the distance. As we have no precedent for, this it will be right to

examine whether the change cannot be accounted for by the proper

motions of the stars, or of the sun.

350 Single motions [examined].

355 All are inconsistent with my observations.

356 The proper motion of the sun must be admitted in such a direction

and of such a velocity as will satisfy the mean direction and velocity

of the general proper motions of the stars.

356 Double Motion. This hypothesis is not maintainable.

359 Motion of the three Bodies. This hypothesis will explain the observa-

tions but in so complex a way as to leave no doubt that we should

g've the preference [to the hypothesis of a revolution of the stars

themselves].
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1803 93 3(>"2 TableofmeasuresofCasfor and comparison of calculated and observed

angles.

363 An observation of Bradley's on Castor (1759) quoted.

365 New table of calculated and observed angles, including Bradley's

observations. The arc 45° 39' has been described in 43 years 142

days.

385 The regularity of the motions gives us reason to conclude that the

orbits of these stars are circular and at right angles to the line of

sight; if this be nearly true the time of a revolution will be about

342 years and 2 months.

366-372 y Leonis. [This case considered as before.]

372 Table of observations : the jieriod is about 1,200 years.

372 E Bootis.

378 ? RercuUs.

380 S Serpentis.

381 y Virginis.

332-3 Plates VII and VIII—figures of orbits.

1804 94 353 Continuation of an Account of the Changes that have happened in the

relative situation of double Stars. By William Herschel, LL. D.,

F. R. S. Read June 7, 1804.

353 In my former paper (Phil. Trans., 1803, p. 339) I gave the changes in

the situation of six double stars.

353 I used the best observations I had of the position of Castor, but as

the proper motions of 36 principal stars published in the Grecu-

wich observations give the motion of this star ditferent from what
I used, it will be necessary to review the arguments iu the same
order as iu the preceding paper.

358 [The former conclusions in regard to Castor are confirmed.]

359 In the further list of 50 double stars here given, 28 have undergone
only moderate changes, less than 10°.

Thirteen have altered their situation above 10° but less than 20°
; 3

stars have changed more than 20° ; the six remaining have changed
between 30° and 130°.

359-384 [The various pairs considered and observations given. ]

360 I have no longer supposed the solar motion to be directed to X Her-

culis, but to a point at no very great distance from this star.

1805 95 31 Experiments for ascertaining how far Telescopes will enahle tis to deter-

mine very small Angles, and to distinguish the real from the spurious

Diameters of celestial and terrestial Objects ; with an Application of the

Result of iliese Experiments to a Series of Observatiotis on the Nature

and Magnitude o/Mr. Harding's lately discovered Star, [Juwo.] By
William Herschel, LL. D., F. R. S. Read December 6, 1804.

31 "We know that a very thin line may be perceived and that objects

may be seeu when they subtend a very small angle ; but the case I

wanted to determine relates to a visible disk, a round, well-defined

appearance, which we may without hesitation affirm to be circular,

if not spherical."

[In 1774 Herschel found that a square area could not be distinguished

from an equal circular one till the diameter of the latter came to

subtend an angle of 2' 17".]

32 1st Experiment, toith the Reads of Pins.
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1805 95 33 These objects were obscivcd at a distauce of 2407.85 inches from tho
mirror of a ten-feet reflecting telescope. It was found that in the

telescope a body subtending the niagnitied angle of 2' 19" could

easily bo recognized as round.

2d Experiment, ivitli small Globules of Sealing-wax.

34 It appeared that with a substance not reflecting much light the mag-
nified angle must be between 4 and 5 minutes before we cau see it

round.

35 3d Experiment, ivith Globules of Silver.

36-57 4th Experiment, with Globules of Fitch, Bees-wax, and Brimstone.

38-39 5th Experiment, xvith Objects at a greater Distance.

40 6th Experiment, with illuminated Globules.

40 Spurious Diameters of Celestial Objects.

Observations and Experiments, %vith Bemarks.

41 With stars, the spurious diameters are larger than the real ones, which
are too small to be seen.

The spurious diameters of stars are of difierent sizes, and under the

same circumstances their dimensions are of a permanent nature.

The spurious diameters of the stars are differently coloured.

42 Their spurious diameters are lessened by increasing the magnifying

power, but in a much less ratio.

Magnifying power acts less on the large diameters and more on the

small ones. When the aperture of the telescope is lessened, it will

occasion an increase of the spurious diameters ; but this increase is

not proportional to the diameters of the stars, acting more upon tho

43 small spurious diameters and less upon the large ones. Very small

stars, however, lose their spurious diameters, and become nebu-

lous.

The spurious diameter of a star is reduced by haziness of the atmos-

pbere. At a low altitude a star makes a spectrum, being coloured

by the prismatic power of the atmosphere.

44 Spurious diameters of terrestrial objects, with similar re-

marks.

7th Experiment with Silver Globules.

45 8th Experiment.

The luminous spots or spurious disks of the gloT)ules were of uneiiual

diametei's.

9th Experiment. 10th Experiment.

46 11th Experiment. 12th Experiment.

47 13th Experiment. 14th Experiment.

48-49 15th Experiment, with Drops of Quicksilver.

50 [These experiments, from tho 7th to the 15th, inclusive, prove that all

the remarks made concerning the spurious disks of stars are also

applicable to sufficiently small and bright terrestrial objects.]

16th Experiment, with black and white Circles.

51 17th Experiment, with different Illumination.

18th Experiment. Measures of spurious Disks.

With drops of quicksilver, the spurious disks were measured by means

ofdistant disks of known diameters upon which they were projected.

By covering the mirror with screens of different apertures, and also

52 by stopping out its center by circular screens of different size, it

was found that the sizes of the spurious disks were not determined

by the quantity of light reflected from the mirror, but rather by the
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1805 95 53 part of the mirror used. Thus the inside rays of a mirror increase

the diameter of these disks, whereas the outside rays alone have a

greater effect in reducing it than they do when the inside rays are

left to join with them. This affords a criterion as to whether a disk

is real or spurious.

19th Experiment. Trial of Estimations.

20th Experiment. Use of the Criterion.

54 21st Experiment. Measures of the comparative Amount of the spurious Di-

ameters produced by the Inside and Outside Rays.

22d Experiment. Trial of the Criterion on celestial Objects.

55 22d Experiment. [Another trial.]

55-61 Observations ox the nature and magnitude of Mr. Harding's
lately-discovered star.

61 Results and application of the experiments and observations.

62 There is a limit to the size of objects [| second in Herschel's 10-foot

telescope] above which a mere increase in magnifying power will

betray the real disk. By the criterion of the outside and inside rays,

an object of half this angular diameter may be shown to have real

dimensi^ons, but below this value the telescope cannot distinguish

^^
between a real and spurious diameter.

63-64 Remarks on the class of celestial bodies to which the new star be-

r ... .. I^VBS^?. 9'°*! a justification of the term asteroid as applied to them.

hOf.-vA ft[^f(tfdJ.Slongh, near Windsor, December 1, 1804.

1805 95 5^3 Qn the direction and velocity of the Motion of the Sun, and Solar System.

7
- - - i^y ^ViLLiAM Herschel, LL. D., F, E. S. Eead May 16, 1805.

2'3i i)n Maskelyne's Table of the proper motions of 36 stars proves the

motions of the stars cf the first brightness, such as are probably in

^^ .,, ., our immediate neighborhood. The chaifges in position of minute

,
'

. , stars that I have ascertained prove that motions are equally carried

on ih the remotest parts of space.

233 In 1783 I deduced from the proper motions of stars, with a high de-

gree of probability, a motion of the sun and solar system towards

A Herculis.

234 The present paper will treat [only] of the direction of the solar

motion.

234 Reasons for admitting a solar motion.

It may appear singular that I should again think it necessary to give

reasons for this. The cause is that [in 1783 I proposed to] take

away the various proper motions of stars by investing the sun with

a contrary one. Now, however, [I find that] the solar motion will

reveal so many concealed real motions that we shall have more of

them than would be necessary were the sun at rest. Hence the ne-

cessity for admitting the solar motion ought to be well established.

235 Theoretical considerations.

235 A view of the motions of moons aroimd planets, and these again

round the sun, may suggest the motion of the latter round some
unknown centre. The solar motion was suggested by Lambert;
Dr. Wilson has shown its possibility from theoretical principles,

and De la Lande its probability. The rotation of the sun indi-

cates a motion of translation; the cause of both is unknown.
236 The periodical stars should be examined with this idea. Conversely

stars that have a motion in space may be surmised to have also a
rotation on their axes.

1
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£.t>95 95 236 Si/mptoms of parallactic Motions.

Three sorts of motions expluiiu-d hy Fi<;. 1, Plat*; VII.

237 The parallactic, the real, and the apparent motions.

^38 Since a motion of the sun will occasion parallactic motions of the
stars, these again must indicate a solar motion. To ascertain

whether parallactic motions exist we must choose the brightest

stars which are most attected by solar motion, they being probably
the nearest to the sun.

'238 We distinguish parallactic from real motions by the direction of

the motion. If a solar motion exists all parallactic motions will be
opposite to it; real motions will be dispersed indiscriminately to

all partis of space.

•239 The point towards which the sun moves is the apex of solar motion;

the opposite point is the parallactic centre.

240 Table I. Ten jiositious of the solar apex from iirst magnitude stars.

241 Fifteen positions from fainter stars stated.

242 Changes in 'he position of double Stars. Among the 56 stars which I

have given, the changes of more than half appear to be [due to a

solar motion].

242 Incongruity of proper Motions.

242 Sidereal occultation of a small Star.

As far as we can judge at present the vanishing of the small star near

S Ci/gni is only a parallactic disapjiearance. A real motion would

also explain it.

244 Direction of the Solar Motion.

248 When we are in search of an apex for the solar motion, it ought to lie

so fixed as to be equally favorable to every star. * * * Our aim

should be to reduce the proper motions of the stars to their lowest

quantities.

249 Table II of the direction and qiiantity of the apparent motion of sis

stars, supposing the sun to move towards X Herculis.

251 Table III of the angles of the parallactic motion with the parallel

;

and Table IV, angles of the apparent with the parallactic motion.

252 Table V. Quantities and sum of the least real Motions.

253 Assuming the apex of solar motion to be in R. A. 270° 15', N. P. D.

54° 45', Table VI is computed : it is similar to Tables III, IV, V.

254 Assuming the apex R. A. 245° 52' 30", N. P. D. 40° 22', Table VII

[like Table VI] is calculated.

255 Although the great pi-oper motions of Arctarnn, Proci/ou, and Sirius

are strong indications of their being affected by parallax, it is not pro-

bable that their apparent changes are entirely due to solar motion.

25(5 Observation shows that proper motions do exist : we should choose

that apex which will take away more real motion than any other,

or we shonld put the apex in R. A. 245° 52' 30", N. P. D. 40^ 22'.

1805 95 272 Observations on the singular Figure of the planet Saturn. By Wu.Li.vM

Herschel, LL. D., F. R. S. Read June 20, 1805.

272 [Brief account of the particularities of the system of Saturn.
'\

272 There is a singularity left which distinguishes the figure of Saturn

from that of all the other planets. In 177G I perceived that the

273 body of Saturn was not round. In 1781 I found it was flattened at

the poles more than Jupiter. In 1789 I measured the polar and

equatorial diameters, and prepossessed with the idea of its being

spheroidical I [paid no attention to other diameters].
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1805 95 273 Observations on Saiu-m; [from 1805, April 12, to June 2] 1805, April

12, The ring is brighter than the body, and whiter.

274 April 18. The figure of Saturn is different from the spheroidical figure

o( Jupiter. The 4 points of greatest curvature are in latitude 46*^

38'.

275 The shadow of the ring on tlie body is broader at the ends than in the

middle.

275 April 19. The figure of Saturn is like a parallelogram with the four

corners rounded oft' deeply. The latitude of the four points of

greatest curvature is 45° 44'. 5.

276-277 May 5-13. Saturn anilJupUer were viewed alternately [and the

jireceding remarks confirmed].

279 The real Saturn compared with the figure in Phil. Trans., 1790, p. 17.

The two did not agree. I then modified the latter and made them
agree. An exact copy is given in Plate IX.

280 Dimensious of the parts given.

1806 96 205 On the Quantity and Velocity of the Solar Motion. By William Her-
schel, LL. D., F. R. S. Read February 27, 1806.

205 The direction of the solar motion was ascertained in a former paper:

the A^elocity is now in question.

205 The proper motions, reduced to one direction, have been called (|uau-

tities, to distinguish them from the velocities of the moving stars,

required to produce those motions. The same distinction must be

kept with respect to the velocity of the solar motion.

205 At a given distance, when the quantity of the solar motion is known,

its velocity is known, and every approximation towards a knowl-

edge of the distance of a star of the first magnitude will be one

toward a knowledge of the real solar velocity. It is otherwise with

a star, for the angle of the direction of its motion with the visual

ray is unknown.

206 I shall use the former six stars in the present pajjer.

206 Proportional distance of the Stars.

207 I propose the following arrangement; Table VIII, proportional Dis-

tances of Stars ; Sirius, l.Oi); Arcturus, 1.20; CajyeUa, 1.25; Lyra, 1.30;

Aldebaran and Procyon, 1.40.

208 I have tried all the known and many new ways of measuring the com-

parative light of the stars, and no one gives a satisfactory result.

When we have more authentic data, the calculation may be re-

peated.

208 Effect of the increase and decrease of the Solar Motion and Conditions to

be observed in the Inrestigation of its Quantity.

209 Table IX. In 6 columns : Stars ; Apparent motion ; Solar motion

;

Parallactic motion ; Real motion ; Velocities.

210 It is not the motions but the velocities which must be equalized.

211 It is assumed that their real motions are at right angles to the visual

ray. [The objection to this considered.]

213 Calculations for drawing Figures that will represent the observed motions

of the Stars,

These are of two classes ; the first will remain unaltered whatsoever

the solar motion ; the second must be adjusted to every change

[of solar motion].

214 Wo must assume relative distances for 1 he rest of our stars.
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180G 9t> 21') TdhL- X contains tlic icmiU of calculation of tlic jjcrnianeut <iuauti-

ties. It lias six columns: (1) gives the star's name; (2) its pro-

portional distance; (3) apparent motion; (4) Direction witli tlio

parallel; (;'>) Direction with the parallactic motion; (G) Velocity.

[There are 3G stars. ]

21G Plate IV, Fig. 1 and Fig. ^.^, exhibits columns 3, !, and 5 graphically.

Fig. 2 and Fig. 4 give the velocities.

217 Eetnarlcs on the sidereal Motions as then <^'''^ rejyreseniedfrom Observation.

Fig. 1 (from observation) shows that there must be some physical

cause which gives a bias to the directions in which the stars are

moving. Discussion of Figs. 2, 3, 4.

219 The Solar Motion and its direction assiiincd in the first part of this paper

are confirmed hij the Phenomena attending the observed motions of 30 stars.

221 Trial of the method to obtain the Quantitij of the Solar'Motion hi/ its Hank

among the sidereal Velocities.

222 Calculations for investigating the Consequences arising from any proposed

Qmntitij of Solar Motion and for delineating them by proper Figures.

223 Table XI contains 5 columns: (1) name of star, including the sun
;

(2) Parallactic Motion; (3) Real Motion; (4) Parallactic Angle;

(5) Velocity.

224 Figs. 5 and G illustrate Table XI.

224 Eernarks that lead to a necessary examination of the Cause of the sidereal

Motions.

225 A motion of the stars may arise from mutual gravitation or from an

original projectile force. Both these causes act in the solar system.

225 The similar direction of the motion of a group of stars may be as-

cribed to their similar projectile motions.

227 Considerations of the attractive Power required for a sufficient Velocity of

the sidereal Motions.

The mere attraction of neighboring stars acting upon each other

cannot bo the cause of proper motions. Sirius and the Sun from

that cause would approach yearly by less than 0".000000005 to an

eye at the distance of Siriits and supposing Its parallax 1 .

228 A centre of attraction must then be assumed, and original projectile

229 motions must be supposed.

229 The centre of attraction may be one mass or a group.

230 Or it may be a union of groups; like two clusters 12= apart which

are near the line of the solav motion.

231 The Milky Way will furnish centres of attraction.

231 Independent of the solar motion, the action of distant centres of

attraction will be required to explain the proper motions of stars.

If the Sun be at rest Arcturus moves 2" a year; and this must be

due to a projectile motion and the attraction of far distant centers

232 Determination of the Quantity of the Solar Motion. The --^assigned

to the solar motion is a perfect medium among the [3G] sidereal

velocities [which have been considered.]
-, ^ •

n ^

233 The quantity of the solar motion is such that to an eye placed at right

angles toL direction, and at the distance from Sirius, at would be

annually 1".116992.
. n

234 Concluding Pemarks and Inferenees. [Objections c^^^-;^^;'^'^-

1

234 When a general knowledge of the proper motions of all the stars of

the li 2d, and 3d magnitudes has been obtained, the present cal-

culation can be repeated by the same methods.
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180G 9r> 2 !5 The result of calculations founded on facts, such as we must admit
the proper motions of the stars to be, should give us useful infor-

mation, to satisfy the inquisitive mind or to lead us on to new dis-

coveries. The establishment of the solar motion answers both

these ends. Our inquiries should not terminate here. A paper on

general Gravitation [by Dr. Wilson] with what is said here, puts

us within reach of a link of the chain which connects the iirinci-

ples of the solar and sidereal motions with those which are the

cause of so many orbitual ones.

236 What has been said before of the Suu as an insulated star does not

contradict the present idea of its making one of a very extensive

system.

237 The insulation refers merely to a supposed binary combination with
some neighboring star.

180G 9G 4.'«.j Observations and Bemarks on the Figure, the Climate, and the Atmosphere

of Saturn and its Iiinrj. By William Herschel, LL. D., F. R. S.

Read June 26, 1806.

4.55-457 [Account of Hersciiel's observations on the figure of the ball.]

Plate XXI, Fig. 1, represents Satn7-n in 1789, and Fig. 2, in 1805,

May 5.

458 To discover tbe flattening of the figure of the ball a liigli magni-

fying power (500) was necessary. A lower power will afterwards

show it. No error could arise from the defalcation of light May ri,

1805.

459-464 Observations of the figure of Saturn.

462 The flattening at the poles of Saturn is more extensive than on Jupiter.

The curvature in high latitudes is also greater. At the equator it

is rather less. Upon the whole the shape of the globe of Saturn is

not such as a rotatory motion alone could have given it.

462 1806, June 3. The shadow of the ring on the ball is broader at the

ends than in the middle.

463 The breadth of the ring is to the sj)ace between the ring and the ball

as about 5 to 4. The ring appears to be sloping towards the ball.

463 The shadow of the ball on the ring is not parallel with the outline of
Saturn.

464 Observations on the periodical changes of color of the polar regions of
Saturn. In the observations of Mars (Phil. Trans., 1784, p. 260) it

has been shown that a periodical change takes place in the extent

and brightness of the polar spots. I have suggested that this may
be due [to frozen regions at the poles, varying in size as they are

more or less exposed to the Sun.]

The following observations may lead to similar conclusions with re-

spect to Saturn.

466 The gradual change of color of the i)olar region during a Saturnian

year .seems to be in a great measure ascertained. This can only be

confirmed by a long series of observations.

466 On the atmosphere of Saturn.

From observations we may infer the existence of a Saturnian atmos-

phere.

407 A probability that the ring of Saturn has an atmosphere has been,

pointed out in a former paper.

[Dated] Slough near Windsor, June 12, 1806.
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1807 U7 180 E.vijcrimni:ts for itn-caiiijaliiid the Caiiftc of the coloured concentric Rings,

discovered hij Sir Isaac Newton, between two Object-glasses laid upon
one another. By William Herschel, LL U., F. R. S. Read Feb-
ruary 5, 1807.

180-181 Introduction.

182-185 I. Of different mctliods to make one mi of concentric rings visible.

185-186 II. Of seeing Rings hij Transmission.

187-188 III. Of Shadoivs. When two or more sets of rings are to bo ex-

amined they may be distinguished l)y casting the shadow of a potnted

penknife upon one set or another.

188-193 IV. Of two sets of Rings.

193-194 V. Of three sets of Rings.

195 VI. Of four sets of Rings.

195-198 VII. Of the Size of the Rings.

196 VIII. Of Contact.

197 IX. Of Measuring Rings.

197-198 X. Of the Number of Rings.

198-199 XL Of the Effect of Pressure on the Colour of the Rings.

199-200 XII. Of diluting and concentrating the Colours. When the rings

grow wider by using a lens of larger radius, they are said to be di-

luted.

201 XIII. Of the order of the Colours.

201-202 XIV. Of the alternate Colour and Size of the Rings belonging to the

jyrimarg and dependent Sets. Certain of the dependent sets arc rings

by transmission as seen reflected at the back surface of the lower

plate.

202-203 XV. Of the sudden Change of the Size and Colour of the Rings in

different Sets. This is brought about by lotting the shadow of

the knife-blade fall on one or the other set.

204-208 XVI. Of the course of the Rays by which different Sets of Rings are

seen.

206-207 XVII. Why two connected Sets of Rings are of alternate Colours.

207-208 XVIII. Of the Cause of the sudden CJmnge of the Colours.

208-209 XIX. Of the Place lohere the different Sets of Rings are to he seen.

209-210 XX. Of the Connection between different Sets of Rings.

211-212 XXI. To account for the Appearance of several Sets of Rings with the

same coloured Centers.

212-213 XXII. Of the reflecting Surfaces.

213-214 XXIII. Of the transmitting Surfaces.

214-218 XXIV. Of the Action of the first Surface.

218-221 XXV. Of the Action of the second Surface.

221-222 XXVI. Of the Action of the third Surface.

222 XXVII. The Colour of the reflecting and transmitting Surfaces is of

no consequence.

222-225 XXVIII. Of the Action of the fourth Surface.

225 XXIX. Considerations that relate to the Cause of the formation of con-

centric Rings.

226 XXX. Concentric Rings cannot be formed by an alternate Reflection

and Transmission of the Rays of Light.

"One of the most simple methods of obtaining a set of concentric

ring's is to lay a convex lens on a plain metalline mirror; but in this

case we can have no transmission of rays, and therefore we cannot
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liavo an alternate reflection and transmission of them. If to get

over this objection it should be said that, instead of transmission,

we ought to substitute absorption ; since those which in glass would

have been transmitted will be absorbed by the metal, we may ad-

mit the elusion; it ought, however, to have been made apart of the

hypothesis."

1807 97 226-228 XXXI. Alternate Fits of easy Eejlcction and easy Transmission, if

they exist, do not exert themselves according to various Thicknesses

of thin Plates of Air. One end of a plain strip of glass rested

upon a plain metalline mirror, the other end being separated

from the mirror by a thin piece of paper. A lens resting upon

the strip of glass gave the primary set of rings, and the sec-

ondary set by transmission was seen reflected in the metalline

mirror. The rays which convey the secondary set of rings to

the eye must have passed through the thin wedge of air ; but

they exhibited no modification, hence the conclusion.

228-229 XXXII. Alternate Tits of ea'iy Eejleciion and easy Transmission, if

they exist, do not exert themselves according to various Thicknesses

of thin Plates of Glass. An experiment similar to the preceding,

but using a slip of glass with sides not quite parallel.

230-232 XXXIII. Coloured Pings may be completely formed tvithout the As-

sistance of any thin or tliick Plates, cither of Glass or of Air.

A perforated screen, at the center of curvature of a metal mirror,

transmitted a beam of sunlight to the mirror. When hair-powder

was strewn in the beam of light, coloured concentric circles were

seen abont the hole in the screen.

232-233 XXXIV. Conclusion. The experiments of the last three articles are

regarded as proofs that the theory of Sir Isaac Newton is untenable.

1807 97 260 Observations on the Nature of the new celestial Body discovered by Dr. Ol-

BERS, and of the Comet which was expected to appear last January in its

return from the sun. [This was comet, 1806, II.] By William Her-
SCHEL,LL. D., F. E. S. Eead June 4, 1807.

260 As soon as I knew of the discovery of [ Vesta'} I tried to discover its

situation.

262 Observations of Vesta.

263 No disc has been seen even with a power of 636.

264 Observaiions of the expected comet. It was searched for and found near

the expected place by my Sister Carolina, Jan. 27.

266 Out of 16 comets which I have examined 14 have been without any

visible solid body in their centre, and two had a very ill-defined

small central light which might perhaps bo called a nucleus, but

which did not deserve the name of a disk.

266 Plate XVI. Configurations of Vesta and stars.

1808 98 145 Observations of a Comet made with a view to investigate its Magnitude and

the Nature of its Illumination. [This was comet, 1807, I.] To which

is added an Account of a new Irregularity lately ])crceired in the ap-

parent Figure of the Planet Saturn. By William Herschel, LL. D.,

F. E. S. Eead April 7, 1808.

145 My observations have been directed to its physical condition only.

146 Of the Nucleus. By the nucleus, I mean that part of the head which

appears to be a condensed or solid body, and in which none of the

very bright coma is included. It follows from this definition that

when the nTicleus is very small a largo, telescope is required to show it.
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Ib08 98 147 Ohscrvatioiis. (By the method doscrihcd in /'/((/. rm«s., 1805, p. 53.)
The visible disk of the comet is a real one.

147 Illumination of the Nucleus. The nucleus is round and of equal bright-
ness all over its disk. Its color is a little tinged with red.

148 Magnitude of the Nucleus. It appears larger at tirst sight than after

looking a long while.

148 I put a number of globules of sealing wax at a known distance and
viewed them during the day, and remembered their [apparent]
magnitudes. The nucleus was compared with these and must have
been larger than 2". 47 and less than 2". 77. It was less than the disk
of Jujntcr's satellite III.

150 Of the head of the Comet. [ Definition of the head. ]

151 Of the Coma of the Comet. [Definition of the coma.]
151 Of the tail of the Comet.

One side of the tail is very well defined ; the other, hazy.

152 Of the Density of the Coma and Tail of the Comet.

I took notice of many small stars covered by the Coma and tail.

[The observations show that the interposition of the coma or tail

between a faint star and the eye, dimmed the star.]

153 Nebulous appearance of the Comet.

154 Besult of the foregoing Observations :

156 The real diameter of the nucleus was 538 miles.

156 I computed the phases of the comet (see Fig. 1 and Fig. 2, Plate lY,

p. 162) for two dates. Both phases appear to me sufQcientlj^ defal-

cated to prove that the comet did not shine by reflected sun-light

only.

157 If these remarks are well founded, we are authorized to conclude

that the body of the comet on its surface is self-luminous. Its

light is more like starlight than moonlight.

157 The tail and coma are sulliciently dense to obstruct the free passage of

starlight; they shine, not by reflection but by their own radiance.

159 If I had met the comet in one of my sweeps as it appeared between

Dec. 6 and Feb. 21 I should have put it down as a nebula. Per-

haps my lists of nobulfe, then, contain some comets.

159 Account of a new irrcgularitij lately perceived in the apparent Figure of

the planet Saturn.

160 I have ascribed the flattening of the i)olar regions to the attraction

of the ring. In pursuing my observations I perceived a new irregu-

larity in the figure [of the ball] which I am perfectly sure had no

existence the last time I examined tlie planet.

160 Observations [of the flattening in high latitudes] 1807, June 16, I per-

ceived it ; it was independently drawn by my son, Johx Hkrsciiel.

161 Dr. Wilson, late of Glasgow, sent me a drawing containing the

same features made Avith one of my 7-foot reflectors at Hampstead.

162 Explanation of the "illusion" by refraction of the light from the

body of Saturn in the atmosphere of the ring.

163 The ring has an atmosphere (see Fhil. Trans., 1790, p. 7).

1809 99 259 Continuation of Experiments for investigatinj the Cause of coloured con-

centric Rings, and other Appearances of a similar Nature. By William

Herschel, LL. D., F. R. S. Read March 23, 1809.

259-260 XXXV. Cylindrical Curves produce Streaks.

261 XXXYI. Cylindrical and spherical Surfaces combined produce coloured

elliptical Rings.

S. Mis. 31 38
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1809 99 261-282 XXXVII. Irregular Cm-ves produce irregular Figures.

XXXVIII. Curved Surfaces are required for producing the coloured Ap-

pearances at i^resent under consideration.

2C3 XXXIX. Coloured Appearances cannot he produced between the plain Sur-

faces of two parallel Pieces of Glass applied to one another.

This conclusion is derived from the observation that colours appear

between two such glasses only when they are pressed together with

considerable force ; but such j)ressure necessarily produces distortion

of form in the glasses.

284-285 XL. Of the Production of coloured Appearances.

265 The colours contained in white light may be separated by reflection,

as well as by refraction. The production of the blue bow at the

limit of total reflection, as described by Sir Isaac Newton, is an

instance of this effect.

266-268 XLI. Particulars relating to the Neivtonian prismatic hlue Bow.

A description of the phenomenon, with a calculation of its place and

breadth in a p.articular case.

268-272 XLII. Account of a prismatic red Boiv.

268 This consists of red, orange, yellow, and some green rays, the red

colour being very predominant. To see the red bow, an observer

should place himself in the open air, and, standing with his back

within a few feet of some wall or building, hold the sides of an

equilateral prism flat over his eyes, and look upwards to an altitude

of about 30° at the heavens.

269 Calculations relating to this bow.

270-271 Method- of projecting the bow.

272-274 XLIII. Of a sudden Change of the Colours of the Bows.

272 If a right-angled prism be laid down on a sheet of white paper before

a window, and the eye be placed in the proper position for seeing

the blue bow, we may instantly transform it into red one by cover-

ing the side of the jirism which is toward the incident light with a

slip of pasteboard.

273 Relative positions of red and blue bows.

274-276 XLIV. Of Streals and other Phenomena produced from the prismatic

hlue and red Bows.

These may be jiroduced by applying a surface of glass or metal to

that surface of the prism which produces the one or the other bow.

276-279 XLV. Explanation of various Appearances relating to prismatic Bows.

280-281 XLVI. The first Surface of a Prism is not concerned in the Formation

of the hlue Bow, nor of the Streaks that are produced hy a plain

Glass applied to the efficient Surface.

281-284 XLVII. The Strealcs which may be seen in the hlue Bow contain the

colours of hoth the Parts of the prismatic Spectrum, hy the critical

separation of which the Bow is formed.

282 List of colours observed in streaks.

284-291 XLVIII. On the Formation of Streaks.

This is an efi^ort to determine by calculation some of the features of

the phenomenon under the supposition that the streaks are pro-

duced by a reflection, at the surface of the glass plate, of the light

transmitted by the prism near the critical angle.

291-292 XLIX. Prismatic Bows, when seen at a Distarice, are straight Lines.

292-294 L. The colours of the Bow-streaks owe their Production to the Principle

of the critical Separation of the different Parts of theprismatic Spectrum.
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1809 99 294-2ft3 LI. A Lens maij he looked upon as a Prism bent round in a circular' Form.
299-302 LII. The critical separation of the Colours, which takes place at cer-

tain Angles of Incidence, is the primary cause of the Xewtonian col-

oured Rings between Object-glasses.

300-301 A comparison of the similarities presented by the phenomena of
the rings and tliosc of the bows, modified by a reHecting i>late in

contact willi the etfective surface of the prism.

302 LIII. lieniarks rclalinq to the Xewtonian alternate Fits of easy Reflection

and easy Transmission.

[Dated] Slough, near Windsor, December 9, 1808.

Plates XII, XIII, XIV.

1810 100 149 Supplement to the First and Second Fart of the Paper of Experiments for
Investigating the Cause of Coloured Concentric Rings between Object-

glasses, and other appearances of a similar nature. By William
Herschel, LL. D., F. R. S. Read March 1.5, 1810.

149-150 A statement of the object of this supplement, and a discussion of

the distinctions between the red and blue bows.

151-153 LIV. Supplemenial Considerations, which prove that there are tico

primary prismatic Botes, a blue one and a red one.

154-157 LV. Illustration of the Dependence of the Streaks of both Roivs upon

the critical Separation.

157-159 LVI. Illustration of the dependence of Rings, seen in a Prism, upon

the critical Separation.

159-161 LVII. Ixcmarks on Colours supjyosed to be produced by thin Plates

or WeTlges of Air.

A repetition of the experiment of the 39th Article slightly modified.

Two slips of plain glass touching at one end were separated at the

other by a single fibre of silk. It is concluded that the phenome-

non of coloured streaks seen near the lino of contact is so well

accounted for by the 35th Article that it would not bo philosophi-

cal to ascribe them to plain surfaces.

161-163 LVIII. Illustrating Remarks on the Intention of the lAth Figure, ex-

plained in the 48th Article of my Paper.

164-166 LIX. Experiments on the multiplying Power of Surfaces, in contact,

which modify the form of prismatic Appearances.

166-168 LX. Of the breadth of the Streaks compared to that of the Bows, and

the cause why they must take up a broader space than the Bows from

which they are derived.

169-177 LXI. Of the Manner in tchich Rays that are Separated by critical re-

flection or Intromission come to the Eye.

Plates V, VI.

1811 101 269 Astronomical Obserratims relating to the Construction of the Heavens,

arranged for tliepurpose of a critical examination, the result of which ap-

pears to throw some new light on the Organization of the Celestial bodies.

By William Herschel, LL. D., F. R. S. Read Juno 20, 1811.

332 "Synopsis of the Contents of this Paper."

[The following analysis is by Herschel himself and has served as a

model to us. ]

272 Diffused nebulosity exists in great abundance.

275 Observations of more than one hundred and fifty square degrees of it.

277 Its abundance exceeds all imagination.

Nebulous matter consists of substances that give out light, which may

have many other properties.
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1811 101 278-281 Nebulous diffusions contain both milky nebulosity, and such as

from its faint appearance may be mistaken for resolvable.

278-279 The range of its visibility is confined to very moderate limits.

280 The purpose for which such great abundance of nebulosity may ex-

ist deserves investigation.

282 Either greater depth or greater compression of the nebulous matter

may occasion greater brightness.

284 Condensation will best account for greater brightness.

The condensation of the nebulous matter ascribed to gravitation.

285 When a nebula has more than one preponderating seat of attracting

matter, it will probably in time be divided.

This conception is supported by the appearance of double nebulae.

286 Their double appearance can be no deception.

Their nebulosity is derived from one common stock.

290 This opinion is supported by the remarkable situation of nebula).

292 Which may be seen in Mr. Bode's Ailas Ccelestis.

293-296 The real form of the nebulous matter of which nebulie are com-

posed may be inferred from their figure.

299 The form of the nebulous matter of round nebulse is globular.

This form is caused by gravitation.

302 The central brightness of nebula? points out the seat of attraction.

The effect of attraction on the form of the nebulous matter depends

on its original expansion, on the time of the action, and on the

quantity of the attracting matter.

305 III different stages of condensation pointed out.

306 Comets may be highly condensed nebulse.

307 Progressive condensation takes place.

308 Concentric brightness as well as globular form indicates the general

gravitation of the nebulous matter.

Progressive condensation may bo seen in the formation of nuclei.

309-310 Nebulous matter is probably capable of being consolidated; the

act of shining x^roves it to have chemical properties.

It will stop light, and is partly opaque.

311 Queries relating to the subsidence of the nebulous matter, the zodiacal

light, and the cause of rotatory motion.

313 Some part of the nebulous matter is probably elastic.

313 The uniform light of nuclei, and of much condensed nebulce, proves

that the nebulous matter is considerably opaque.

314 When the nebulous matter assumes hardness, the progress of conden-

sation will be impeded.

315 Three indications of the compression of the nebulous matter.

Planetary api^earance arises from superficial lustre.

316 High degree of condensation of the nebulous matter.

A still higher degree of condensation.

318 In common good telescopes planetary nebulaj cannot be distinguished

from stars.

Perhaps they may in the end be so condensed as actually to become

stars.

319 The nebulous matter in a cubical space of 10' will admit of a con-

densation of two trillion and 203 thousand billion times before it

can go into the compass of a globe of the diameter of our sun.

Planetary nebulce have a rotatory motion on their axes.
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The original eccentricity of the nebulous matter of a nebula may be
the physical cause of the rotatory motion of celestial bodies.

1811 101 320 The nebulous star in Orion is lictitii>us.

321 Two out of three nebulous stars in Orhm have lost their former nebu-
lous ai>pearance.

Their fictitious appearance was owing to a dispersion of their light

in passing through nebulous matter.

322 The faintest appearance of the nebulosity in Orion is perhaps not
further from us than the stars of the third or second magnitude;
the brightest part is therefore probably not so far.

323 In thirty-seven years the nebulosity of this nebula has undergone
great changes, and much greater since the time of Huygiiexs.

324 Nebnlte are not permanent celestial bodies.

325 Additional proof of the opacity of the nebulous matter.

325 Very distant nebulosities which cannot be seen in a state of diffusion

may become visible when condensed into separate uebuhe.

327 Conversion of planetary into bright stellar nebuhe, into stars with

burs, or stars with haziness.

329 Conversion of more distant ones into faint stellar nebula>, into stars

with burs or with f:iint chevelure.

When it is doubtful whether an object is a star or a nebula, it may
be verified by an increase of magnifying power.

330 When the object is very like a star it becomes difficult to ascertain

whether it is a star or a nebula.

When we cannot ascertain whether the doubtful object is a star or a

nebula, of which several instances are given, the similitude is as

great as any we can expect ; for were it greater there could be no

doubt.

336 Postscript.

[Dated] Slough, near Windsor, May 26, 1811.

William Herschel.

336 Plates IV & V; 42 figures of nebuhe.

1812 10*2 115 Observatiovs of a Comet, tvith remarks on the Confitriiction of its Different

Farts. By William Herschel, LL. D., F. R. S. Read December

19, 1811. [This was Comet 1811, I.]

115 I have examined all the parts of the late comet with a scrutinizing

attention by telescopes of every degree of requisite light, distinct-

ness, and power. I have made so many observations that I shall

only give a selection of such as were made imder the most favor-

able circumstances.

115 TJw Planetary Bodij in the Head of the Comet.

Where with the naked eye I saw a luminous appearance not unlike

a star, with a telescope I found that this spot, which some might

call a nucleus, was only the head of the comet.

116 Within its densest part was an extremely small bright point entirely

distinct from the surrounding glare. Its contour was certainly not

otherwise than round, yet I could but very seldom perceive it de-

finedly to be so.

116 I examined this point with various magnifiers on a 10-feet telescope.

With 169 it was about 1".39 in diameter.

117 With 600 it was between 1".06 and 0".68. The sealing-wax globules

were viewed the morning after the observation as well as the morn-

ing before. [See Phil. Trans., 1808, p. 145.]
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1812 102 113 Tlte apparent and real Magnitude of the Planetary Bodij. I call its ap-

parent diameter 0".775 ; that is, its real diameter was about 428

miles.

118 The EccentricUii and Color of the planetary Body.

The jilanetary body was eccentric in the head.

119 The color was of a pale ruddy tint like that of such equally small

stars as are inclined to red.

119 The Illumination of the Planetary Body.

We may infer [from observations] that it was visible by rays emitted

from its own body.

119 The Read of the Comet.

120 [Descrii^tion of the head.]

120 The Color and Eccentricity of the Head.

The color in everyone of my telescopes was greenish or bluish green.

121 The head was eccentric ; it deviated towards the sun.

121 The Apparent and Real Magnitudes of the Head.

The real diameter of the head was about 127,000 miles.

122 A Transparent and Elastic Atmosphere about the Head.

I saw stars through it ; it was thus transparent. Its elasticity may
be inferred from its circular form.

122 The extenc of the Cometic Atmosphere.

It was more than 507,000 miles in diameter; its real extent far ex-

ceeds this.

122 The Bright Envelope of the Cometic Atmosphere.

123 The Figure, Color, and Magnitude of the Atmosphere.

Its shai)e was circular; it reached nearly half way round the head

of the comet, and divided into two streams, one on each side of

the head. The color had a strong yellowish cast. Its real diame-

ter must have exceeded 643,000 miles.

123 The Tail of the Comet. It was, Oct. 15, 23^° long.

124 The greatest real length of the Tail.

It must have been upwards of 100,000,000 miles.

124 The Breadth of the Tail. It was, Oct. 12, nearly 15,000,000 miles.

125 The Curvature of the Tail.

This was subject to variations.

125 The general appearance of the Tail.

126 The tail had two branches. [See observations.] November 9 the

tail of the comet being near the Milky Way, the appearance of one

compared to the other was perfectly alike.

127 Tlie return of the Comet to the Nebulous Appearance.

As the comet went further from the earth I had reason to suppose

that all the still visible phenomena of body, head, atmosphere,

envelope, and tail would soon be reduced to the semblance of a

common globular nebula. And this, not only from its increasing

distance but by the actual physical changes which I observed in

the construction of the comet.

127 The gradual vanishing of the Planetary Body.

128 The disappearance of the transparent part of the Atmosphere under the

cover of the scattered light of the contracted Envelope.

129 Uncommon Appearances in the Dissolution of the Envelope.

One, two, and three streams seen in it at different times.

130 Uncommon Variations in the Length of the Streams.

131 Alterations in the Angle of the Direction of the Envelope.
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1812 102 131 The shortening of Ihe Tail.

132 Increasing Darkness between the Streams that enclose Ihe Tail.

133 Of the real construction of the Comet, and its various Parts.

133 The form of the planetary body containing tlie solid matter of llio

comet is globnlar.

133 The transparent conietic atmosphere is also globnlar.

134 The envelope mnst have been an inverted hollow cone terminating
at its vertex in an ei^nally hollow cap nc^arly hemispherical.

134 This hemispherical cap was comparatively thin.

135 The constrnction of the envelope explained.

The luminous matter as it arises from the envelope, of which it is a
continuation, is thrown a little outwards and assumes the appear-
ance of two diverging bright streams; but if the source from

136 which they rise bo the circular rim of a hollow hemispherical shell

the luminous matter in its progress upwards can only form a hol-

low cone.

136 The feebler light of the tail between the streams is due to the thinness

ofthe matter in the middle of the hollow cone through whichwe look.

136 Of the Solar agency in the production of Comctic Phenomena.

137 As a comet ai>proaches perihelion it is [more] exposed to the action

of the solar rays, which can produce light, heat, and chemical

eftects. Their influence on this comet has produced an expansion.

The way these effects have been produced may be supposed to have

been as follows

:

137 The matter in the head of the comet would be dilated by The action

of the sun, chiefly in that hemisphere of the head nearest the sun

:

and, being more increased in this direction than the other, it would

become eccentric when referred to the situation of the body of the

comet. The head being what draws our greatest attention, the

planetary body would appear eccentrically situated.

137 The nebulous matter which, when the comet is far from perihelion,

is probably spherical, would, near perihelion, be rarefied and rise

to a certain level. In this situation we have had an opportunity

of seeing the transparent atmosphere, which, but for the suspen-

sion of the nebulous matter, we might never have discovered.

138 The brilliancy and color of the envelope are proofs of the continued

action of the sun, and if we suppose the attenuation of the lumin-

ous matter, already very rare, to be carried on, its particles will

o-radually recede from the hemisphere exposed to the sun and

ascend towards the region of the flxed stars. Some such operation

mnst have been carried on.

138 A whole heniisph(5re of it being exposed to the sun, it must ascend

equally everywhere all round this and Ix^come a hollow cone.

1.39 The luminous matter ascending in the hollow cone received no addi-

tion to its rpiantity from any other source but the exposed hemi-

siihere.

139 The tail, near the end, must have been rarefied in an extreme degree.

139 The vacancy occasioned by the escape of the nebulous matter was

probably filled up, either from the opposite hemisphere or by a ro-

tation of the comet about an axis.

139 That such a process took place seems to be supported by observation.

140 A rotatory motion of the comet would explain the variation in the

lengths of the two branches of the tail.
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1812 102 140 Of the result of a Comet's Perihelion Passage.

The quality of giving out light is immensely increased by an ap-

proach to the sun.

141 The act of shiniug denotes a decomposition in which at least light

(and perhaps many other elastic volatile substances) is given out.

I look upon a perihelion passage in some degree as an act of con-

solidation.

141 If this idea be admitted, may we not conclude that the consolidation

of the comet of 1807, when at perihelion, had already been carried

to a much higher degree than that of the present one, by some for-

mer apxjroach to our sun, or to other similar celestial bodies, such

as we have reason to believe the fixed stars to be?

142 It is probable that comets may pass around other suns than ours.

142 Have we not reason to suppose that the comet of 1807 was compara-

tively a much older comet ?

142 Should the idea of age be rejected, wo may suppose that the comet of

1811 since the time of some former perihelion passage may have
acquired a quantity of " iinperiheUoned matter" by passing through

extensive strata of nebulosity.

142 I think it not unlikely that the matter of comets is originally nebu-

lous. It may jiossibly happen that highly condensed nebulre may
be drawn towards the nearest celestial body of the nature of our

sun, and, after their fu-st perihelion passage round it, proceed

towards some other similar body, and finally may come into the

regions of our sun, where at last we perceive them as comets.

143 The brilliant appearance of our comet may be ascribed either to its

having but lately emerged from a nebulous condition, or to its

having carried off' some [foreign] nebulous matter. The first case

will lead us to conceive how planetary bodies may begin to have

an existence ; the second how they may increase and grow up to

maturity.

Wm. Hekschel.

[Dated] Slough, near Windsor, December IG, 1811.

1812 102 229 Ohservationsof a second Comet, ivith Ee^narks on its Construction. [Comet

1811, II.] By William Herschel, LL. D., F. E. S. Eead March
12, 1812.

229 I call this the second comet; the other of this year the first.

The Body of the Comet.

231 The nucleus was 5".2744 in diameter.

232 The real diameter of its nucleus cannot be less than 2,(537 miles.

232 The chevelure of the Comet.

233 Tlie Tail of the Comet. Its length on January 20 must have been about

659,000 miles.

233 Remarks on the Construction of the Comet.

234 When the two comets are compared they are found to be extremely

different.

234 The light of the second comet is probably reflected from the sun.

The nucleus of the comet is surrounded by an elastic atmosphere,

which is transparent.

235 The little extent and extreme faintness of the tail might be ascribed

to the great perihelion distance of the comet if the comjiarative

view of the comets of 1807 and 1811 in my last paper {lid not prove
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that the effect of the solar agency depends entirely upon the state

of the uebulons matter of Avhich the conust is composed. This

second comet had probably but little unjurihclioncd matter.

1812 102 236 If, then, the effect of the sun on comets is more or less conspicuous,

according to the amount of unperihelioned nebulous matter which

they contain, we may arrange these celestial bodies in a certain

order of consolidation, from which, in the end, a considerable in-

sight into their nature and destination may be obtained.

236 For example, the comet of this paper is of such a construction that

it was but little more affected by its perihelion passage than a

planet would have been. It was in a very advanced state of con-

solidation.

237 That of 1807 was more affected, and, although considerably condensed,

conveyed a great quantity of nebulous matter to the perihelion

passage. That of 1811 contained, with little solidity, a most

abundant portion of nebulous matter.

1814 104 248 A.'itronomical Olservaiions relating to the Sidereal part of the Heavens and

its Connection tcith the Nebulous part; arranged for the purpose of a

critical examination. By William Herschel, LL. D. ,
F. R. S. Read

February 24, 1814.

In the memoir on the nebulous part of the heavens iPhil. Trans-^

1811] I have endeavored to show the probability of a very gradual

conversion of the nebulous matter into the sidereal appearance.

This paper refers to the sidereal part of the heavens.

249 I- Of stars in remarkable situations in regard to Xcbulw.

Surmise that nebuhe may have considerable proper motions. Neces-

sity of caution in such conclusions. Five stars in such situations.

250 II. Of two stars with nebulosity between them.

19 instances of such connection are given ;
in the memoir of 1811, 13G

double nebula} joined by nebulosity were noted.

251 Should we not surmise that possibly these stars had formerly been

bi-hlv condensed nebuhu Uke those that had been mentioned, and

wire now by gradually increasing condensation turned into small

stars- and may not the nebulosity still remaining show their neb-

ulous ori-rin ? Also as we have over 700 double stars free from neb

ulosity, many of which are probably at no great real distance from

us It seems as if we might have these double objects in three differ-

ent successive conditions. First, as nebuhe ;
next as stars with re-

maining nebulosity; and lastly, as stars completely free from neb-

ulous appearance. ,,,,,.,
251 III. Of stars ivith nebulosity of various shapes attached to them.

2.^2 Fourteen such objects noted.

Now if we admit a contact between these nebuhe and the stars, it

deserves to be remarked that stars in the situation of these four-

teen cannot have been formed from their adjoining nebulosities;

for a gradual condensation of the nebulous matter would have been

central; whereas the stars are at the extremity of he nebuhe

Their cmmection is then due to some motion either of the star or of

the nebuhe. If the nebulosity should subside into the star, it

would give an idea of the groivth of a star.

9^'\ TV Of stars ivith nebulotis branches.
, , , i p

iLfca °8 uolcJ of a c«n„»c,Lou between staw ami nebuhe, anj ef-

j:ZZa. to FkU. Tran.., 1611, „.. 301-3U, for further examples.
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1814 104 254 The idea of a nebula witli a nucleus which gradually assumed the

lustre of a star is more probable than the fortuitous central meet-

ing of a star and nebula.

V. Of nebulous stars.

Thirteen are noted—see also Phil. Trans., 1791, p. 71.

255 Nebulous stars are not only connected with a nebulosity, which, from

its great regularity, might be taken for an atmosphere, but also

with the luminous appearances belonging to the nebulous matter

which is so widely expanded in various regions of the heavens.

What has been said of the gradual condensation of the nebulous

matter in the case of extended nebuhe, is supported by a much
greater number of nebulosities in aspherical form. [See Phil. Trans.,

1811, pp. 301-8.] 322 cases are there mentioned, in which the fact

of the gradual condensation is rendered so evident as not to admit

of a doubt.

256 Nebulous stars only differ from round nebulte containing a nucleus

in the degree of condensation.

256 VI. Of Stars connected with extensive windings of nehulosit^.

Three cases noted. The nebulosity which has been shown to be con-

nected with stars, may be fully proved to be of the same nature as the

general mass of nebulous matter.

Stars of this class are in a condition of growth.

257 Possibility that stars were originally formed by a condensation of the

nebulous matter.

We may conceive both the generation and growth of stars to be the

legitimate effects of the law of gravitation, to which the nebulous

matter is proved by observation to be subject.

VII. Of small patches consisting of Stars mixed with nebulosity.

Thirtyrseven cases noted.

The connection may be only apparent—admitting it to be real

:

1st, it may happen that the nebulosity still mixed with the stars is

some remaining unsubsided part of that from which they were

formed; or, 2d, the union of stars and nebulosity may have been

affected by the motion of either the stars or the nebulosity.

258 Such motions do take place. Nebuhe are subject to great changes in

their appearance, as the nebula of Orion. IPMl. Trans., 1811, p.

320.]

259 Every nebulosity which is carried into the region of a small patch of

stars will probably be gradually arrested and absorbed bj' them,

and the growth of stars thus continued.

VIII. Of objects of an ambiguous construction.

Clusters of stars at a great distance may assume a nebulous appear-

ance. [Phil. Trans., ISU, p. 270.]

Telescopes of gradually increasing space-penetrating powers show

certain objects successively as nebulse, mixtures of nebulosity and

stars, and as true clusters; other objects, so viewed, increase in

brightness, and the nebulosity becomes more iiniformly united and

of a milky appearance, and these are purely nebulous.

260 Definition of ambiguous objects, their classification and examples.

Seventy-one such noted in four classes.

Class 1. Seven objects, wbich may be supposed to consist of stars, but

where observations leave it doubtful.
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1814 104 261 Class 2. Twenty-six objects of rouiul or nearly round fignre. Ihe

round figure of these show them to be (jlobular. They must cither

he in a condensed state purely nebulous, or else, if consisting of

stars, they mi^st he in an advanced order of compression, and only

appear nebulous on account of their very great distance from us.

A middle state between the progressive condensation of a globular

nebula and a cluster of stars can have no existence, because a glob-

ular nebulosity when condensed can only produce a single star. A

globular cluster may, however, intercept a mass of nebulous matter

ki motion, in which case the nebulosity must soon assume the form

of the cluster, and will finally be absorbed by it.

Class 3. Twenty-sis easily resolvable objects.

262 Class 4. Twelve objects, probably clusters.

IX. Of the sidereal imrt of the Heavens.

Intimate connection between the nebulous and sidereal condition.

263 Stars of first magnitude. [See Phil. Trans., 1785, p. 68.]

264 Prismatic analysis of the light of Sirius, a Orionis, Procyon, Arcturus^

Aldebaran and a Lyra'.

265 X. Of the aggregation of stars.

Star-gauges prove that the stars are not equally distributed over the

celestial regions. [See Phil. Trans., 1785.]

Forming clusters. This tendency to clustering is chiefly visible in

places extremely rich in stars. Its greatest effects will then be in

and near the milky way.

266 The twenty objects referred to are not given as instances of the actual

formation of clusters, but merely to draw attention to a seemingly

aggregating arrangement. Fifteen of these are in the milky way

and five are near it.

266 XI. Of irregular clusters.

Clusters in very rich parts of the heavens are generally of irregular

form and imperfectly collected. One hundred and twelve such ob-

267 jects are referred to ; eighty of size not noted, fifty-three of bese in

the milky way, eighteen near it, nine at a distance from it Also

thirty-two irregular clusters from 2' to 30' in diameter; of these

twenty-two are in the milky way and ten near it. _

267 The .^reat number of clusters in these two collections is not only an

indication that they owe their origin to a clustering power residing

n the centre ; but the still remaining irregularity of their arrange-

ment additionally proves that the action of the clus.enn^^^^^^^^^^

has not been exerted long enough to produce a more artificial con-

structiou.

268 XII. Of clusters variously extended and compressed.

Ffteen extended clusters named; twelve in the --^y^^^
near it. Their descriptions show that the power whicdi has dra^ n

the stars together has acted under difierent circumstances m the

several cases,

oro TTTT Of clusters of stars of a peculiar description.

"^ ^ "sniol'iccs i.u..d: one in ,bo milky way, three near .,, two at

a distance from it.

071 XTV Of differently compressed clusters of stars.

fhl;e hitherto only considered the arrangement of stars m clusters

t h rt e v7o noint out whether they are drawn together by a

cl IrinT-wer- in the same manner as the nebulous matter has
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been proved to be condensed by a gravitating principle ; but in tbe

forty-one clusters of tbe following two collections we shall see that

it is one and tbe same j)owcr uniformly exerted wbicb first con-

densed nebulous matter into stars and afterwards draws tbem to-

gether into clusters, and wbicb, by a continuance of its action,

gradually increases tbe compression of tbe stars wbicb form tbe

clusters. Tbe first collection bas tbirty-tbree considerably com-

pressed clusters, seventeen in tbe milky way, fifteen near it, and
one at a distance. Tbe second collection contains eigbt clusters,

bigbly compressed, five in tbe milky way, two near it, and one at a

distance.

1814 104 272 XV. Of the gradual concentration and insulation of clusters of stars,

Tbe existence of a clustering power is nowhere so visibly pointed out

as in the thirty-nine clusters given in tbe following collection:

Twenty-one of these are in the milky way, seven near it, and eleven

at a distance.

273 XVI. Of globular clusters of stars.

Fourteen such objects noted: One in tbe milky way, four near it, and
nine at a distance from it.

274-7 [Detailed accounts from observing books of M. 72; M. 2; M. 5; M.

50; M. 80; M. 13; M. 3; M. 15; M. 79; M. 19; M. 53.]

278 XVII. Of more distant globular clusters of stars.

The following eleven objects are so like those of the foregoing col-

lection that I have called them miniatures of the former. Five of

these are in the milky wa;y, one near it, and five at a distance. De-

tailed descriptions given.

279 I have supposed the clusters of this class to be at a greater distance

from us than those of the preceding collection, because the stars of

wbicb they are composed are more minute than those of tbe clusters

of which I have called them miniatures ; their compression is also

closer, and tbe size of the whole is much contracted, all of which
particulars are readily explained by admitting them to be more dis-

tant. This argument, however, does not extend so far as to exclude

a real ditfereuce which there may be in different clusters, not only

in tbe size, but also in tbe number and arrangement of the stars.

XVIII. Of still more distant globular clusters of stars.

280 It has frequently happened that I saw three objects in succession, the

first of wbicb was a brilliant globular cluster of stars, the second

a miniature of tbe former in wbicb the stars could just be perceived,

and the third in every respect a similar miniature of tbe second, as

the second was of the first, but in which tbe stars, though suspected,

were no longer to be distinguished. Five such objects given, all in

the milky way.

XIX. Of a recurrence of the ambiguous limit of observation,

281 It has already been shown [VIII, p. 259] that in passing from faint

nebulosity to the suspected sidereal condition we cannot avoid meet-

ing with ambiguous objects, and the same critical situation will

again occur, when, from the distinctly sidereal appearance, we en-

deavor to penetrate gradually further into space.

The effects of clustering power have been gradually traced from the

first indication of clustering stars through irregular as well as

through more artificially arranged clusters up to the beautiful

globular form.
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Tho extended views I Lave tal<eTi in tliis and in my fonner papers of

the various parts that enter into the construction of the heavena

have prepared the way for a final investigation of the universal

arrangement of all these celestial bodies in space. The scale is still

wanting by which distances are to bo measured.

1814 104 282 XX. Of the hreakhuj iqy of the MiUcy Way.

Its whitish tinge has been proved by star-gauges to arise from ac-

cumulated stars. It does not now consist of equally scattered stars.

283 One hundred and fifty-seven instances have been given of clusters

situated wuthin the milky way. Sixty-eight more are in the bor-

ders. Now, since the stars of the milky way are permanently ex-

posed to the action of a power whereby they are irresistibly

drawn into groups, we may be certain that from mere clustering

stars they will be gradually compressed through successive stages

of accunnilation till they come up to what maybe called the ripen-

ing period of the globular form, and total insulation ; from which

it is evident that the milky way must be finally broken up and

cease to be a stratum of scattered stars.

The state into which the incessant action of the clustering power has

brought it at present is a kind of chronometer that may be used to

measure the time of its past and future existence ; and although we

do not know the rate of going of this mysterious chronometer, it is

284 nevertheless certain that since the breaking up of the milky way

affords a proof that it cannot last forever, it equally bears witness

that its past duration cannot be admitted to be infinite.

This paper is accompanied by Plate IX, p. 284, with 17 figures.

Fi-. 1 = H. V, 4(3. Fig. 7 = H. iv, 42. Fig. 13 = H. viii, 44.

"
2==H.iii,C.7. 8 = H.iv,69. 14 = H. viii, 4.

3 = H. ii, 706, 9 =: H. iv, 33. 15 = 11. vi, 30.

4 = H.i,143. 10 = H.iii,r.97. lG = H.vi,5.

5 = H.iv,4. ll = H.ii,101. 17z^M.72.

6 = H. iv', 35. 12 = H. ii, 500.

1815 105 293 A series of observations of the sateJUtes of the Georgian planet, including

a passae/e throur/h the node of their oMts ; with an introductory account

of the ieJescopic apparatus that has been nml on this occasion ; and a

final exposition of son.e calculated particuJars deduced from the obsernv-

tions By William Herschel, LL.D.,F.K.S. Read June 8, 181.,.

293 A telescope suitable to examine these faint objects must possess the

double power of magnifying and penetrating into space.

294 The e/ccfu'C magnifying power defined.

A 10-foot reflector, even with its highest powers, will not show these

295 The machinery of my 20-foot telescope is so complete that I have

been able to take up the planet at an early hour in the evening and

to follow it for 7, H, or 9 hours successively. The 40-foot telescope

h^s not been always used because time is required for preparations.

The temperature i's often too changeable ; its use requires 2 work-

men beside the assistant at the clock and writing-desk.

296 The 20-foot can be pointed on the planet with everything adjusted

206 It'has'c™*ntiy been a rule with me not to observe with a larger

instrument when a smaller would answer.
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I have two mirrors for the 20-foot always ready, and my observations

are never interrupted by accidents, which often happen to large

mirrors, such as greatly injure their polish.

1815 105 296 In these delicate observations no double eye-glass should be used, a?

we have a waste of light at four surfaces instead of two.

297 The hole through which the rays pass to the eye should be much
larger than the diameter of the optic pencils and considerably

nearer the glass than their focus, for the eye ought on no account

to touch the eye-piece.

297 With regard to the eye-glasses when merely the object of saving

light is considered, I can say from experience that concaves have

greatly the advantages of convexes, and they give also a much
more distinct image. This fact I established by repeated expen

ments about 1776. For the cause of the superior brightness and

sharpness of the image which is given by concaves we must prob-

ably look to the circumstance of their not permitting the reflected

rays to come to a focus. Perhaps a certain mechanical efleet, in-

jurious to distinctness, takes place at the focal crossing of rays in

convex lenses.

297 [Foot-note.] [An experiment to test this described. It was incon-

clusive.]

298 The satellites were discovered with a magnifying power of 157

only.

299 Magnifiers of 300, 460, 600, and 800 have been used, according to the

conditions of the mirror, atmosi^here, etc. On particular occasions

1,200 was used, and 2,400, 3,600, and 7,200 have been used to scruti-

nize the closest neighborhood of the planet. The known satellites

began to be nebulous with these powers.

299 In the following observations the positions of the satellites have been

determined in 3 ways : Coarse estimations, aided by diagrams

;

more careful ones, aided by a wire in the focus of the eye-glass

;

and micrometer measures.

301 Distances were more difficult to measure than angles of position.

302 The following observations are given in the order of the time they

were made. They contain everj'thing that relates to the two
large satellites and to the researches for detecting additional satel-

lites.

That such there are I have no doubt.

303 After each observation is given an "identitication" which shows by

computation the places of the known satellites.

304 The configurations made at the time of observation are not given.

They generally contained the planet, its satellites and some of the

neighboring stars, especially those that were in the path of the

jilanet.

304 Observations of the satellites of the Georgian planet, accompanied hy a the-

oretical determination of their situation, wherehi/ their identity may be

ascertained. [From 1787, Jan. 11, to 1810, May 25.]

322 [Foot-note. ] Telescopic vision in windy weather is generally very per-

fect.

343 Investigation of several particulars deduced from the foregoing observations,

with an exposition of the method by which they have been obtained.

344 The place of the ascending node, the inclination of the orbits ar.d the retro-

grade motions of the satellites determined.
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1815 105 345 Consideration of fhc 2n-inciples hy whirh the periodical revolution of the

satellites may be obtained from the olmrred an<ilef> of position.

348 The periodical rcvoli(tionfi of the satellites detirmined.

350 The first satellite I'Titania'] niakos a syiiodical revolution in B'l IG^ SC"

5.2= and the second lOberon] in 13'' 11'' 8"' 5'J«.

351 Explanation of the identifying method.

355 I. With the light of my 20-foot telescope the first satellite generally

becomes invisible at a distance of [18"] from the planet; and

II. The second at abont [24"].

III. An interior satellite cannot be seen two nights in snccession.

356 IV. Exterior satellites that are very faint when at their greatest

elongation can hardly ever be seen at any other time when the

orbits are contracted.

V. lTitania'\ is probably larger than \_Oberon].

VI. Both are subject to great variations of light [not owing to the

changeable clearness of the air].

VII. This may be due to a rotation on their axes, or from atmos-

pheres.

VIII. I have supposed the distances of the first and second satellites

to be 36" and 48" respectively.

IX. The existence of additional satellites has been considered already

in Phil. Trans., 1798, p. 59.

358 An interior satellite.

359 Addition [in regard to an interior satellite].

360 An intermediate satellite. An exterior satellite; and Addition.

361 More distant satellites ; ami Addition.

362 Plate XVI, diagram.

1817 107 302 Astronomical Observations and Experiments tendinfi to investigate the local

Arrangement of the Celestial Bodies in Space and to determine the Extent

and Condition of the Milky Way. By Sir William Herschel, Knt.

Gnelp., LL. D., F. R. S. Read Jane 19, 1817.

302 The construction of the heavens can only be known when we have

the situation of each body defined by its three dimensions. Of

these three the ordinary catalogues give but two, l.-aving the dis-

tance or profundity undetermined.

303 The method of parallaxes has given the distance of the sun, planets^

etc The parallax of the stars has also received attention. A\ ith

regard to more distant objects, as small stars, compressed clusters,

ami nebuhe, these methods can give us no assistance.

303 I. Of the local situation of the stars of the Heavens.

304 It is evident that we cannot mean to affirm that the stars of the fifth

sixth, and seventh magnitudes are really smaller than those of he

first, second, or third, and that wo must ascribe the cause of the

dificTence in the apparent magnitudes of the stars to a difference in

their relative distances from us. On account of the great number

of stars in each class we must also allow that the stars of each suc-

ceedin.r magnitude beginning with the first, are, one with another,

further from us than those of the magnitude immediately preceding

The relative magnitudes give only relative distances and can aftord

no information as to the real distances at which the stars are placed.

304 II. Of a standard by tvhieh the relative arrangement of the stars may

Airnirt of reference for the arrangement of the stars may be had
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by comparing their distribution to a certain properly modified

equality of scattering. The equality svhicb I propose does not re-

1817 107 305 quire tbat tbe stars should be at equal distances from each other,

nor is it necessary that all those of the same nominal magnitude
should be equally distant from us.

305 It consists in allotting a certain equal portion of space to every star,

in consequence of Avhich we may calculate how many stars any
given extent of space may contain.

This arrangement is exjilained by means of a figure. Plate XV,
Fig. 1.

306 III. Cowparison of tlte order of magnitudes unth the order of distances.

Comparison of the order of distances by the foregoing scheme with
the magnitudes assigned in Bode's catalogue of 14,144 stars.

308 The result of this comparison is, that if the order of magnitudes

could indicate the distance of the stars, it would denote at first a

gradual, and afterwards a very abrupt, condensation of them ; but

that, considering the principle on which the stars are classed, their

arrangement into magnitudes can only apply to certain relative

distances, and show that, taking the stars of each class, one with

another, those of the succeeding magnitudes are farther from us

than the stars of the preceding order.

308 IV. Of a criterion for ascertaining the profundity or local situation of

celestial oijects in space.

309 It will be admitted that those stars, the light of which we can ex-

perimentally prove to be ^, ^, -^ of the light of any certain

star of the first magnitude must be 2, 3, 4 times as far from

us as the standard star, provided the condition of the stars should

come up to the supposed mean state of diameter and lustre of the

standard star.

309 V. Of the equalization of star light.

309 Star gauging gave rise to an investigation of the space-penetrating

power of telescopes.

310 Finding that this might be calculated with reference to the extent of

the same power of which the unassisted eye was capable, there

always remained a desideratum of some sure method by which this

last might be ascertained.

Description of experimental apparatus.

311 Method of limiting apertures described.

313 VI. Of the extent of natural vision.

313-8 Experiments on stars made in August and December, 1803, and
February, 1814.

314 Arcturus has four times the light of a Andromeda, Polaris, y TJrsce,

and 5 Cassiopea. a Andromeda is four times as bright as /.i Pegasi,

etc., etc.

316 Table of proportional light of stars of various orders.

318 The distances of clusters cannot be ascertained by the method of

equalizing star light.

VII. Of the extent of telescopic vision.

319 Experiments which go to show that the diameter of the pupil of the

human eye is not more than 0.21 inch, and is greater than 0.17 inch

when observing with a tele&cope. It may be assumed 0.2 inch.

320 VIII. Application of the extent of natural and telescopic vision to the

probable arrangement of the celestial bodies in space.
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We shall be able to say that a distant celestial object is so far from

lis, provided the stars of which it is composed are,of a size and

lustre equal to the size and histrc of such stars as Sirius, Arctnrus,

etc.

1817 107 3)J1 The stars of the tenth, eleventh, and twelfth order of distances are

not only more compressed than those in the neighborhood of the

sun, but, moreover, their compression in different parts of the

heavens must be very unequal.

IX. Of the construction and extent of the milky wai/.

322 General description of it.

The sun is within its plane, for to an observer in latitude 60°, when

at 100° R. A. the milky way is in the east, it will at the same time

be in the west at 280° ; while in its meridional situation it will pass

through Cassiopeia in the Zenith and through the constellation of

the Cross in the Nadir.

323-4 Examination of the cluster in the Sword Handle of Perseus, with

various space-penetrating powers.

325 [Beside the 8G3 gauges published in Phil. Trans., 1785, p. 221, above

400 more have been taken in various parts of the heavens and are

not published.]

326 The twenty-foot telescope cannot fathom the profundity of the milky

way.

326 If the stars of the 5th, 6th, and 7th magnitudes cannot bo supposed

to be gradually of a smaller physical size and brightness than those

of the^lst, 2d, and 3d, how much less can a supposition be admitted

that would require that the stars which, by a long series of ganging

powers, have been proved to make their gradual telescopic appear-

ance should also be gradually of a different construction with re-

gard to physical size and brightness from those which we see with

the naked eye?
. , , , , ^u

327 The telescopic breadth of the milky way considerably exceeds the

extent which, in our maps, is assigned to it.

328-30 Observations—sweeps—which confirm this.

330 X. Concluding Bemarks.

What has been said of the extent and condition of the milky way m

mv papers on the construction of the heavens, with the addition of

this attempt to give a more correct idea of its profnndity.in space

will contain nearly all the general knowledge we can ever have of

this magnificent collection of stars.

Our sun with all the stars we can see with the eye are deeply im-

mersed in the milkv way, and form a component part of it.

meibCLL .

William Herschel.

[ Dated] Slough, near Windsor, May 10, 1817.

Astronomical ohservations and experiments, selccied for the purpose of as-

'certaininq the relaiwe distances of clusters of stars, and of investigating

how far the poicer of our telescopes may le expected to reach tn to space

'l/lv.cJ to a^liguous celesHal oljects. By «- William Hek-

^rHEL Knt. Guelp., LL. D., F. R. S. Read Juno 11, 1818.

The method of equalization of star light will show the relative dis-

tances of stars ; from this a method was explained in Phil T,-ans.,

1817 by which means the profundity in space of every object con-

sisting of stars can be ascertained as f^ir as the light of the telescope

S. Mis.. 31 39

331

1818 108 429

429
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suffices. This method may be used to ascertain the profundity of

globular and other clusters.

1818 108 430 I. Of the distance of globular and other clusters of stnrs.

General principles to guide in 8"uch observations.

431 II. A series of observations of clusters of stars from xohich the order of

their profundity in space is determined.

431-51 Observations of H. vi, 7, 9, 10, 11, 12, 17, 20, 26, 35, 38, 41, 63, and

of M..1, 2, 3, 4, 5, 9, 10, 11, 12, 13, 14, 15, 19, 22, 30, 33, 34, 35, 53, :;5,

.56, .57, 62, 67, 68, 69, 71, 72, 74, 75, 77, 79, 80, 92, 97.

451 III. Of a method to represent the profundity of celestial objects in space by

a diagram.

470 Fig. 1, Plate xxi, represents such a method applied to the foregoing

objects.

460 IV. Of ambiguous celestial objects.

An object is often ambiguous when viewed with insufiQcient optical

means, and its nature may be known by increasing this means.

Objects ambiguous to the naked eye become known with the 20-foot

telescope, and so on.

462 V. The milky way, at the profundity beyond which the gauging piotvei's of

our instruments cannot reach, is not an ambiguous object.

463 We may conclude that when our gauges will no longer resolve the

milky way into stars it is not because it is ambiguous, but because

it is fathomless.

463 YI. Of the assumed semblance of clusters of stars whe7i seen through tel-

escopes that have not light and power sufficient to show their nature and

construction.

464 Observations of various clusters in telescopes of various sizes.

465 Two different principles, the nebulous and the sidereal, have been ob-

served in the celestial spaces.

Distinguishing characteristics of each.

466 It seems highly probable that some of the cometic, many of the

planetary, and a considerable number of the stellar nebulse, are

clusters of stars in disgiiise.

466 VII. Of the extent of the power of our telescopes to reach into space when

they are directed to ambiguous celestial objects.

The method of equalizing the light of stars may be applied so as to

give an estimate of the extent of this power.

When the united light of a cluster of stars is visible to the [naked]

eye, there will be a certain maximum of distance to which the

same cluster might be removed, so as still to remain visible in a

telescope of a given space-penetrating power; and if the distance

of the cluster can be ascertained by the gauging power of any in-

strument, that will just show the stars of it, the order of the pro-

fundity at which this cluster could still be seen as an ambiguous

object may be ascertained by the space-penetrating power of the

telescope through which it is observed.

467-70 Examples of this method.

470 Plate XXI.

William Hersch'kl.

[Dated] Slough, near Windsor.
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Aperture : effect of I795 57

: advantages of largo apertures 1800 255
Apex of solar motion : defined 1783 273

: defined and considered 1805 239
: is not at, but near, A IhrcuUs 1804 360
: isinE. A. 245° 52' 30", N. P. D. 40« 22' 1805 25G

Asteroids : defined 1802 229

Asteroid : justification of the name 1805 63

Atmosphere of Mars, Venus, etc. : see Mars, etc.

Atmospheric spectrum : of stars 1805 43

Bayer's letters : do not indicate order of brightness. Examples 1790 174

Bernard: 1792 14

BiANCHlNl : 1793 201

Binary stars : suspected 1782 143

: see also Stars, and Double Stars.

Bode: 1811 292

Bradley : 1782 84

: 1795 47

363
: 1803 <

Brightness intrinsic and aggregate brightness defined - 1800

Briiihtness of a star : defined 1800

3G5

Cassini: 1792 9

: 1792 14

: 1793 201

: 1795 47

Catalogue of Double Stars 1782 112

: 1785 40

Catalogue of 1,000 new Nebulte and Clusters 1780 457

Catalogue of a second thousand of Nebulae and Clusters 1789 212

Catalogue of 500 new nebultie, etc 1802 477

Catalogues of the Comparative Brightness of the Stars : first 1796 166

: second 1~96 459

: third 1797 293

: fourth 1799 121

Central forces : other than gravity 1789 220

Ceres : observations 1*^02 213

: its diameter is 102 miles 1802 218

: it hasadisk 1802 221

( 100

Classes of double stars : defined 1782< to

( 103

Classes of nebula} : defined - 1786 466

Clocks: (used by Herschel) 1781 121

Clusters : definition 1
'

°9 214

: are composed of stars of equal magnitude 1789 216

: are subject to central powers 1789 216

: are ancient in proportion as their spherical form is completed .

.

1739

1

~;^.

: thek evolution I'^l'* ~^'^
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Clusters: their relative distances 1818 429

Clusters of stars : see Catalogue of, etc.

Clustering power : its analogy witli the gravitating principle in nebulse. 1814 271

Coma of a comet : definition 1808 151

Comet: [1786, II] observed 1787 4

: [1788, II] 1789 151

Comets: [1792,1] 1792 23
: [1796,1] . 1796 133

: [1806,11] 1807 260

: [1807, I] 1808 145

: [1811,1] 1812 115

: it was self-luminous 1812 119

: it -was transparent and elastic 1812 122

: its tail compared with the milky way 1812 126

: its real construction 1812 133

: [1811, II] 1812 226

Comet of 1807 and 1811 : their relative age 1812 141

Comets : the sun's effect on them 1812 236

: their light is reflected sunlight 1812 234

: defined 1802 Mzo

: definitions of Nucleus, Head, Coma, etc 1808 146

: may become asteroids 1802 230

: may restore to the sun the light it loses by emission 1795 60

: out of 16 comets, 14 had no nucleus 1807 266

: that of 1807, I, did not shine by reflected sunlight only 1808 156

: the sun's influence on their phenomena 1812 136

: the tail and coma of 1807, I, obstructed the light of stars 1808 157

Construction of the heavens 1784 237

: 1785 213

: 1789 212

: 1791 71

: 1795 46

: 1802 477

: 1811 269

:

'.

1814 248

: 1817 302

: 1818 429

Diameters of the Sfars : see Stars.

Dione : observations 1790 450

Diurnal motion of the earth : see Earth 1781 115

DOLLAND (J.) 1780 518

Double nebula; 1811 285

Double star observations : effect of practice 1803 346

Double stars : account of changes that have happened in their relative

situation, and of the cause of these changes 1803 339

: change their rehitive situation as proved by observation . .

.

1802 486

: changes that have happened in their relative situation 1804 353

: see Stars.

Drawings of Mars, Jupiter, etc. : see Mars, Jupiter, etc.

Earth : is its diurnal motion equable ? 1781 115

Enceladns: discovered 1789, August 28 [

^''^^ '^^^

"
( 1790 10
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Enceladiis : observations 1790 463

Errata: in Flamsteed'S catalogue 179G 212

Error in estimating the centre of a circle 1781 135

Errors : in determining rotation of planets 1781 134-5

: in determining parallax of stars considered '. 1782 86
: of the Lamp Micrometer 2°-30 and 0".l from three measures 1782 112.

: of the measures of double stars 1782 112

: in the positions given by the sweeps 1786 4G4

: of Herschel's double star measures 1803 347

Ether: see Resisting Medium.
Evolution : of sidereal forms 1789 226

.Eye : causes of increased sensibility 1800 53

: limit of natural vision 1 800 58, 59

: limits of natural vision 1817 313

: extent of telescopic vision 1817 318

Eye-piece: for viewing the sun 1801 361

Eye-pieces : single better than double 1782 95

: trial of concave ones 1794 58

: ofthe40-foot 1795 409

: used for solar observation, described 1803 215

: single and double : their relative value 1815 297

Fabricius (D.) 1780 333

Faculai : are elevations 1795 56

Ferguson: 1780509-12

Fixed Stars : see Stars.

Flames : are penetrable to rays of light 1800 50

Flamsteed : 1782 84

: his star magnitudes l~96 170

Flamsteed'S magnitudes : are very inconsistent 1796 458

Flamsteed'S observations of fixed stars : Index to them 1797 293

Galileo: 1780509-12

1782 1 ^^''''-
88

1795 47

Gauging : see Star-gauging.

Georgium Sidus : named .-
VS'6 1

: see Uranus.

Goodericke :
l*^*^ 1 '

'

Gravitv : there may be other central forces 1~'39 220

Hadley :

Harding's asteroid : {Juno) .

Head of a Comet : definition

.

Heat: radiant; in general...

(radiant; is of diflerent refrangibility

(radiant) is reflected

(radiant) it is also refracted •-

Herschel, Carolina:

1792
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Herschel, Carolixa: 1795 396

: 1797 293

: 1807 264

Herschel, John : 1808 160

Herschel, William : tbe analysis of Ms paper of 1811 aa made by himself 1811 269

Hevelius: 1780 508

: 1795 47

Hooke: 1782 84

lustrumeuts : Quadrant used : 1781 121

: Camera eye-piece 1782 176

: see Micrometers, Telescopes, etc.

Irradiation: 1790 479

Japetus : observations 1790 432

: is of variable brightness 1792 13, 14

: rotates and revolves in the same period 1792 14

: revolves on its axis in 79 days, 7 hours, 47 minutes 1792 16

: nature of its surface 1792 17

: observations from 1791, September 25 to October 1 1792 17

—

;

: its atmosphere is probably rare 1792 17

: rotates on its axis 1796 456

Jupiter : drawings of 1781

)

^ ^ < 123

Jxipitcr 8 Tot&tio-a.: 1781
118

124

Jupiter^s satellites : their changeable brightness, and their magnitudes. .. 1797 332

: rotate on their axes, and are of irregular shape or reflecting

power 1797 344

/ 334

: theircolor 1797^ 349

( 350

Jupiter''s spots change their places 1781 116

Jupiter's spots gradually rotate in less time 1781 126

Keill: his theory of variable stars 1780 344

: 1780509-12

Lacaille: 1796 172
Lalande: ^ 1780509-12

1783 283

1796 177

has shown the probability of a solar motion 1805 235

Lambert-: suggested a solar motion 1805 235
Lamp micrometer : described 1782 163

Limiting apertures: 1817 311

Long: 1782 88

Lunar eclipses, mountains, etc. : see Moon.

Magnifying power proper to be used 1782 92

Magnifying power used ( 1782) 1782 <

( 171

: its effect on the darkness of the field of view 1785 82
: must exceed a given Hmit in order to utilize the aperture. . . 1800 55

Magnifying power (effective): defined 1815 294
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Marius. Simon: , IHOO 64

Mars : drawiugs of 1781 127

: on its poles, axis, figure, etc 1784 233
: 24 (bawings 1784 235
: the polar spot projects beyond the disk by its splendor 1784 237
: polar spots are due to ice 1784 260

: its atmosphere 1784 <

< 272

: results as to the position of its axis, etc 1784 273

Mars' rotation time 1781 134

Mars' spots are permanent 1781 119

Maskel"VT^e : his proper motions of 36 stars 1805 233

Maupertius : his theory of variable stars 1780 343

Mayer: , 1782 157

Mercury : observation of its transit of 1802, Nov. 9 -. 1803 214

: is perfectly spherical 1803 217

Messier's nebulae examined : (with drawings) 1784 440

: 1814 284

: 1818 431

Methods of observing : limitation of magnifying power 1781 494

: single eye-pieces better than double 1782 95

: the telescope to be used depends on the work to be done 1782 82

: distances of double stars 1782 99

: the observer, the air, and the instrument must have the same tem-

perature 1782 120

, . ^- f -f S
1782 174

: determination of magniivmg powers <

( 1783 9

: employed in reviews of the heavens 1783 250

: adjustmeuf of focus 1785 43

: eifect of magnifying on very unequal double stars 1785 51

: unequal double stars 1785 65

: a star is not always best seen in centre of the field of view 1785 83

: sweeps l^SS 458

: effect of moisture on seeing - 1794 54

: see Telescopes: investigation of the causes which often prevent

their proper action 1603

: determination of the diameters of the nuclei of comet.s, etc., by ( 1808 148

comparison with globules of sealing-wax < 1812 116

Method of limiting apertures :
1617 311

Micrometer: used in 1781 - 1781 499

: position (with a plate) 1781 500

: (lamp) described 1782 163

: (lucid disk, etc.) described ---- 1783 5

: threads were silk and were 1" 13'" in angular dimension 1785 46

MilkyWay: resolved IJ^^ f^
: its shape, drawing of it 1785 266

: consists entirely of stars l^^l "^^

: the telescopic 1^' 1

^
: example of its most crowded parts 179» 70

• consists of stars very differently scattered from those about us.

.

1802 480

.^ , ,. 1814 282
: its evolution

1817 322
: general description
? , 1817 302

: in general

Mimas: discovered 1789, Sept. 17
1"^^

214
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Mimas : observations , 1790 473

Minimum visible : (naked eye) 1780 340

: 1782 95,96

: to the naked eye and telescopes 1805 33

MiraCeti: 1780 338

: has a period of 331 days, 10 hours, 19 minutes 1792 25

MoLiNEUX - 1782 84

Moon : observations of its mountains 1780 507

: three volcanoes observed 1707, April 19 and 20 1787 230

: eclipse 1798, Oct. 22 1792 27

: observations of its mountains 1794 41

: is probably inhabited 1795 65

Mountains? in Venus 1793 202

Mountains of the Moon : see Moon.

Multiple stars : examples [and figures] of possible systems 1802 487

Naked eye : can distinguish a square from a circle 2' in diameter 1780 340

: 1782 95,96

Nebula of Orion : its changes 1811 2

: its distance 1811 322

r 442

NebulsB : drawings of, etc 1784< to

( 446

: are often surrounded by spaces vacant of stars 1784 448

C 214

: theoretical view of their various forms 1785 < 215

i 216

—
: planetary -• 1785 263

: were plotted on a map 1786 467

: may all be clusters of stars .'... 1802 497

: order of evolution 1811 325

: their proper motions 1814 249

: drawings 1814 284

: observations of many of Messier's : 1814 274

: 1818 431

: may not be distant clusters after all 1791 84

: catalogues. See Catalogues.

Nebulse : Messier's. See Messier.

Nebulae and Stars : their connection 1814 249

Nebulae are arranged in strata 1784 442

Nebulae (double) : their cause 1811 285

Nebulae (planetary) : may become stars 1811 318

: they rotate on their axes 1811 319

Nebular hypothesis : see Construction of the heavens.

Nebulosity : may be close to our system 1802 499

: diffused nebulosity is plentiful 1811 272

Nebulous matter : its nature 1791 85

: iselastic 1811 313

f 309

: is partly opaque 1811 < 313

( 325

Nebulous stars : in general 1791 71

: observations of special ones 1791 78-82
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Nebulous stars : jqqo .-aq

• 1814 255
Nebulous strata : their origin I735 254
Newton: "'."/.'^./.'"'.^^^

1795 46
Newton's riugs : iu general 1307 180

' 1809 259
= 1810 149

Nucleus of a Comet : definition Ig03 146

Oberon : discovered Jan. 11, 1787 (period 13^ days) 1787 126

: its elements 1 730 S ^^^

I 377
: is brighter than Titania 1788 376
: is variable in brightness 1815 355
: revolves in 13*1 111^ 8™ 59' I815 350'

Obser\^atiou^
:
are made to philosophize upon, and to communicate 1784 438

: 1785 213
: practical hints for observing. See Methods of observing.

Olbers: 1807 260
Optical illusion in viewing the moon 1795 53
Orion : the trapezium is not connected with the nebula 1791 77

Pallas : observations 1802 213
:' its diameter is 147 miles.

Parallactic motions : of stars iu general .". 1805 233

Parallax of the Sun, Stars, etc. : see Sun, Stars, etc.

Perihelion passage of a Comet : its eflfect 1812 140

: - 1812 235

Periodicity of Solar Spots : is connected with the price of wheat 1801 310

Phases of Comet 1807, I 1808 156

Photometry: Table of the transmission of terrestrial scattered light

through various substances, etc 1800 528

: 1300 533

: 1800 534

Photometry of Stars : methods 1806 208

: See Catalogues of the Comparative Brightness, etc,

PiGOTT: 1796 177

Planetary Nebula} 1802 501

Planets : all are probably self-luminous to some degree 1795 50

: defined 1802 224

: their evolution 1812 143

Pores: iu the Sun 1801 292

Price of wheat : its connection with Sun spots 1801 310

Probable errors : see Errors.

Proper motions: of nebulte 1814 249

Proper motion : of the sun, star.s, etc. See Sun, Stars, etc.

Proper motions of Stars : theii- cause 1606 225

Radiant Heat : see Heat.

Red Stars : see Stars.

Reflecting telescopes : see Telescopes.

Refrangibility of heat, etc. : see Heat.

Resisting medium l''^! 117

: may stop some light 1~82 104

Resolution of the milky way, etc. : see Milky Way.
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Retina: may be less sensitive along one of its diameters than along others. 1794 52
t 249

Reviews of the heavens : 1st, 2d, and 3d 1783<

Bhea : observations 1790 444

Rotation of the planets 1781 115

Satellites : may be more ponderous towards their primaries 1792 16

Satellite to Venus : must be less than 8-9 mag. if it exists 1793 206

Saturn : drawings 1790 2

: (rough) drawings of it 1790 13

: has an atmosphere 1790 15

: turns on an axis 1790 16

: is spheroidal 1790 17

: Schroeter's observations criticised , 1793 202
'

: rotates in 10i» IG-ii 0.«4 i 2°» , 1794 66

: the shadow of the ring on the ball is broader at the ends than at

the middle 1805 275

: drawings 1805 279

: observations on its singular figure [square-shouldered aspect].. - 1805 272

: 1806 462

: its figure, climate, and atmosphere 1806 455

: drawings of it in 1789 and 1805 1806 455

: may change in color at its poles with its seasons 1806 464

: has an atmosphere .' 1806 466

: shadows of its ball and rings 1794 55

Saturii's belts : observations in detail 1794 49-59

: (quintuple) belts, with drawings 1794 28-31

Saturn'sTing: has an atmosphere 1790 7

: : 1808 163

: principal division 1790 3

: is as solid as the ball 1790 5

: is brighter than the ball 1790 5

: its thickness 1790 6

: its atmosphere 1790 7

: its edge 1790 8

: its division is a real one, as proved by fHerschel's] observations. 1792 4

: is brighter and whiter than the ball 1805 273

: its figure, climate, and atmosphere 1806 455

: the breadth of the ring is to the width of the space between ring

and ball as 5 to 4 1806 463

: has an atmosphere 1806 467

Saturn's rings : dimensions „ 1792 5

: the inner ring also revolves 1792 6

: more than one division has been observed only four times 1792 8

: are not of a changeable nature 1792 11

'

: diameter measured 1792 11

: the outer is fainter than the inner, etc 1794 53

Saturn's satellites : see Mimas, Enceladus, etc.

: Tables of their motion 1790 488

Saturn's shadow : the shadow of the ring on the ball is broader at the

ends than in the middle, 1806, June 3 1806 -462

: the shadow of ballon ring is not parallel to the outline of (Saittrn. 1806 463

SCHEINER

:

1795 47

Schroeter: 1793 202
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Section of ovir sidereal system 1785 253

Separating i^ower : sec Aperture.

Sequences : of stellar brightness 1796 173

: description of Herschel's metliod for stars 179() 181

Short: 1792 9

Sirius : effect of the Sun's attraction on Siritifi IdOG 227

Solar eclipses : see Sun (eclipses.

)

Solar phenomena : exxilaiued 1801 303

Sources of error considered : see Errors.

Space-penetrating power : of telescopes 1800 49

: , 1817 319

Spectra of stars : 1814 264

: see Stars.

Spectrum : distribution of the light and heat in the spectrum .shown by

curves 1800 439

Spectrum (atmospheric) of stars 1805 43

Spectrum of the Sun: in its relations to Heat. See Heat.

Speculum: dimensions of the 40-foot 1~95 403

Spots on Mars, Jupiter, etc. : see Mars, Jupiter, etc.

Spurious diameters : of stars 1803 345

Spurious disks : in general 1805 31

: of celestial and terrestrial objects 1805 40

: criterion as to whether a disk is real or spurious 1805 53

Square-shouldered aspect of Saturn 1805 272

: 1806 462

Star-gauges : results given in part 1784 446

i 220

: results given - 1785 < to

( 240

: (unpublished) 1817 325

Star-gauging : defined 1784 445

Stars of the first magnitude : eleven pairs of them are 60° apart 1796 166

Stars and nebulae : their connection or disjunction 1791 74-77

: their connection 1814 249

Stars : their parallax 1782 82

: parallax ; method proposed 1782 87

: some stars seen best with high powers, and some with lower 1782 92

„ C 93
: drawings of a Lyra; with various powers 1782 2

: double stars known in 1782 1782 97,98

r 100

: classes of double stars 1^82 < to

( 103

: may lose light in space 1
'

8"- 104

: theory of the parallax of double stars 1782 104

: very small stars usually red 1'8"~' 140

: their diameters ; a Lyrw's was 0".35 1782 147

: drawing of a GemMiorH»tt ^'^'-^ 1^^

: lost smce Flamsteed 1^83 2o0

: changed in brightness since Flamsteed 1783 254

: newly come to be visible l''^'^ 2^''

.
,

^ 1783 257
^® .; 1783 259

: variable
. sujreestion of a method for determining the stellar system to which
• oo

178'i '^7
a given star belongs -
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Stars : spurious diameters 1785 48

: the colors of double stars might possibly tell us wMcli component

was the nearer 1785 48

: their atmospheric spectra 1785 83

: are suns 1789 213

: may be regenerated from uebuliB 1791 86

: disappearance of 55 Herculis 1792 26

: their nature 1795^ 46

: their analogies with our sun 1795 68

: are not of equal size nor equably distributed 1796 168

: rotate on their axes 1796 455

: their relative sizes 1800 59

: their distribution in space 1800 61

: classification of stellar systems : as Insulated ; Binary ; Multiple ;

Clustering Sta7-s ; Groups ; Clusters 1802 478

: their spurious diameters 1803 345
•

: different kinds of motion of stars 1805 236

: that have a proper motion may have a rotation on their axes 1805 326

: cause of their proper motions 1806 225

: their spectra 1814 264

: their evolution 1814 251

: their distribution in space 1817 303

: catalogues. See Catalogues.

Sun : eclipse of 1778, June 24, observed 1781 138

: may be in motion :.. 1782 103

: is probably in motion 1782 143

: its proper motion discriminated 1783 <

i 261

: moves towards R. A. 257° 1783 268

: is near the centre of the Milky Way 1784 443

: the sun is situated in a compound nebula of Form III 1785 244

: eclipse of 1793, September 5 1794 39

: its nature 1795 46

: early theories 1795 48

: must be wasted by emitting light 1795 60

: height of its lucid envelope 1795 62

: may be inhabited 1795 63

: its lucid substance is neither liquid nor gaseous , 1795 71
—-

: changes in the sun's heat will account for changes in terrestrial

climates 1796 186

1795 46

1800 51

advantages of viewing it with large apertures, etc 1800 255

confirmation of previous theory advanced by Herschel 1801 265

nomenclature of its various parts '. 1801 267

its atmosphere 1801 300

its spots change, and this change is connected with changes in the

price of wheat 1801 310

our sun is an insulated star 1802 479

direction and velocity of its motion 1805 233

reasons for admitting a solar motion 1805 234

the quantity and velocity of its motion 1806 205

it is a member of a very extensive sidereal system 1806 236

its effect on comets 1812 136

its disk cannot appear equally bright all over J
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Sun spots : are veiled over with nebulosity 1795 57

: observed 1795 49-58

: penumbra 1795 62

Sun's emission of light and heat : is variable 1801 ) "

i 354

Sun's motion in space : its quantity assigned 1806 23:5

Sweeps : method described 1786 458

: with the 40-foot 1795 384

: with 40-foot telescope it would require 812 years to view the

whole heavens 1800 84

Telescopes : (Herschel's 4-inch Newtonian described) 1780 513

: Dolland's 3i-foot refractors 1780 518

: (Herschel's 7, 10, 20 feet) 1~81
. 121

: used by Herschel 1~83 249

: (Herschel's 20-foot described) 1784 437

: (Herschel's 20-foot sweeping telescope described) 1786 457

: experiments with various magnifying powers 1786 500

: the 20-foot was much tarnished in 1788.

: those made in 1793 l~'^-l 50,51

• (Herschel's 40-foot described) I'Oi' p47
' 34/

. : account of Herschel's telescopes in general 1795 < 348

( 349

: their space-penetrating power, etc.
;
general theory 1800 49

: data as to Herschel's reiiectors 1800 68-81

: advantages of large apertures 1800 255

: light- gathering power ,
1800 5.5

: measure of their effectiveness ---- 1800 6o

: description of one with a glass mirror 1803 214

: investigation of the causes which often prevent their proper action 1803 214

: spurious diameters -- 1803 345

: power to determine very small angles 1805 31

: there is a limit for each telescope below which it cannot distin-

guish a real from a spurious diameter 180> 62

: (Herschel's 20-foot and 40-foot—their relative convenience) .... 1815 295

: generally perform well in windy weather 1815 322

: magnifying powers used. See Magnifying powers.

Telescopes penetrate into space ' ' ~

Telescopes penetrate space : example on a terrestrial object 1800 07

^, ^. .,, 1/91 /7
Telescopic milky way -

• •• 1790 456
Teihys: observations i--oiP44l
Titan : transit observed 1789, November 2

J^^^
^«'^^^

: observations *
... ^ .,j,

discovered January 11, 1787 (period 8f days)
^

1^»J^

i^^

its elements I 1788 377

1798 78

1815 356
is larger than O&ero/i , ^^
is variable in brightness ^^ ^.^
revolves in 8^ 16^ 5b™ 5^.2

Titania

.

< 178&

I 178c

is brighter than Oberon

is larger than Oberon .

.

is variable in brightness

.

5

, ,,„, ,, , ... 1781 492
Uranus: discovered 1781, Marcli i-i

r/;n->> liO-i l/i
: diameter is o' .022
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SuBJECT-IxDKX. PHILOSOPHICAL TRANSACTIONS. Year. Page.

Uranus: is round 1783 11

: diameter (about 4') 1783 13

: has no ring; and it is flattened at the poles 1798 70

: certainly has more than two satellites 1B17 302

Uranus^ satellites : four new ones discovered 1798 47

: the system of six satellites explained 1798 66

: vanish near the planet 1798 76

: observations 1815 293

: observations from 1787, January 11, to 1810, May 25 1815 304

: were discovered with a magnifying power of 157 1817 298

Variable stars : Mira Ceti 1780 338

1786 201
: perhaps 34 C^^wi has a period of 18 years

: a Hereulis is a periodical star 1796 452

: have dark spots on their surface 1796 455

: may have a j)roper motion 1805 236

Venun'' diameter at distance one, is 18' '.79 1793 217

Venus : in general 1793 201

: rotates and has an atmosphere 1793 201-2

: its mountains ? 1793 202

: observations from 1777, April 17, to 1793, May 20 1793 203

: drawing 1793 204

: is suddenly much brighter round the limb 1793 218

: its unilluminated half has been seen *. 1795 51

260

266

Volcanoes : observed in the moon 1787 230

Vesta : observations 1807

r 310

"Wheat : its price is connected with changes in the sun 1801 •? to

( 318

Wilson : has shown the possibility of a solar motion 1806 235

: 1808 161

: 1783 283

Zodiacallight : 1811 311

Zone catalogues made : 1795 396
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lu the latter part of the year 1880 the following circular was sent to

all known observatories in America and to a number of foreign estab-

lishments :

[Circular. J

Smithsonian Institution,
Wafihhigton, J). G.

My Dear Sir: It is desired to jjresent in the annual report of this

institution a yearly summary of the state and progress of astronomy in
the United States and elsewhere. To this end it is requested that tlio

directors of observatories, public and private, ^^^ll return this circuUir,

with the blanks filled out, and with such additional information as they
may deem suitable for ijublication.

It is intended that one such circular shall 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 (Prof. Edward S. Holden, U. S. Naval Observatorv, Washing-
ton, D. C).

It is proposed to continue the summaries in the future, and it is hoped
that the directors of the various institutions will desire to furnish from
year to year brief sketches of the activity of tlie observatories under
their charge. In this way a record of current astronomical work will'

be kept up, which otherw:ise it is difficult to maintain in the absence of

any American periodical specially devoted to astronomy.
Very truly yours,

Spencer F. Baird,
Secretary Smithsonian Institution.

To .

The information asked for embraced : 1. The Personnel : II. The In-

struments employed: (a) Meridian circles; (&) {b') Meridian transit in-

struments
;

(c) {&) Equatorial instruments ; (d) Spectroscopes
;

(e) Pho-

tomers and other subsidiary apparatus
; (/) Chronographs

; (g) Clocks

;

(h) Chronometers; (t) Miscellaneous instruments : III. The character of

observations made or contemplated.

Replies to this circular received up to March 15, 1881, are given be-

low, in two classes: Eeports of American observatories, and reports of

Foreign observatories. Additional information of a statistical nature

has been obtained from an article in the Annuaire de VOhservatoire

Royale de BruxeUes, 1881; which has been translated by Miss Lockwood.

In the absence of Professor Holden (at the Washburn Observatory,

Wisconsin) Mr. George H. Boehmer, of the Institution, has attended to

the arrangement and editing of these Notices.
* 623
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I. AMERICAN OBSERVATORIES.

Albany, New YorTc.

Dudley Observatory.

Longitude from Washington, IS'" 12^87 E.

Latitude, 42° 39' 49".5 K.

Directors : B. A. Gould, 1854

;

O. M. MiTCHEL, 1859

;

G. W. Hough, 1862;

L. Boss, 1875.

Founded in 1851, by subscription, the principal subscriber being Mrs.

Blandina Dudley. Built in the form of a cross, with wings east and
west for the meridian instruments. Finished in 1854, and inaugurated

in 1856.

I

Alfred, Alleghany County, Neio York.

Alfred Observatory.

Longitude from Washington, 2™ 55^. W.
Latitude, 42° 15' 19".8 N.

Director

:

?

Alleghany City, Pennsylvania.

Alleghany Observatory.

Longitude from Washingto.n, ll"" 50^84 W.
Latitude, 40° 37' 47".6 N.

'

Director: S. P. Langley.
Assistant: F. W. Very.
Founded in 1860 as an annex to the University; completed in 1867

through the liberality of W. Shaw. The dome, 26^ feet (eight meters)

in diameter, contains an equatorial.

Instruments:
{b) Meridian transit instrument: makers, Troughton & Sim3IS;

aperture, 4 inches; magnifying j)ower, 150 diameters.

(c) Equatorial instrument: maker, FiTZ, re-worked by Clark;
ai^erture of objective, 13 inches; magnifying powers of eye-pieces, 50

to 1200; equatorial .carries a 12-inch flat mirror by Clark at south end
of its polar axis; also, position filar micrometer, polarizing solar eye-
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piece; apparatus for projecting' solar iniajio; eight other subsidiary

pieces.

{<!) Spectroscopes: one einphjyiiig hirge Rutuerfurd grating; one

with small grating; one 2-prisni s[)ectros('()pe ; apparatus Cor using large

equatorial as collimator, &c.

(e) Photometers and other sxhsidiary apparafns : A variety of ther-

mopiles, used in connection with a TiI():\ifs(>n rctleeting galvanometer;

large Bunsen photometer; small portable heiiostat, &c.

(/) Chronograph : oue of Boind's pattern, built by Hamblet.

{g) Clocks: two mean time; by Howard, both break-circuit: one

sidereal ; by Frodsiiam, break-circuit.

[h) Chronometers: one mean time; by Frodsham: one sidereal;

FiiODSHAM, break-circuit.

(i) Miscellaneous: Oue rellecting telescope of 0^-incli aperture, spe-

cially used for obtaining au image projected any size without the em-

ployment of any enlarging lenses, and a number of subsidiary pieces

for investigations in heat aud light. Electric appliauces for the distri-

bution of exact time, automatically and continuously to points outside

the observatory.

The work of research duriug the past year has lain chielly in meas-

urements of the distribution of energy in the spectrum of the sun. The

routine work of the time service has been continued.

Work proposed for the coming year (1881):

(1.) The redetermination of the solar constant.

(2.) Eedetermination of the law of the distribution of energy in the

solar spectrum as it is observed after absorption by our terrestrial

atmosphere.

(3.) Determination (for the first time) of the law of the absolute dis-

tribution of the solar energy, or in other words the construction of a

curve showing- the distribution of the solar energy as it would appear

to an observer stationed outside of the earth's atmosphere.

Professor Langley is now absent with a large party prosecuting his

investigations on the solar constant, on one of the ligh mountains in

Southern i^evada.

Amherst, Massachusetts.

College Observatory.

Longitude from Washington, 18"^ 4«.8 E.

Latitude, 42° 22' 15".G K.

Director : W. C. Esty.

Founded in 1857 as an annex to the College.

S. Mis. 31 40
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Ann Arbor, Michigan.

Detroit Observatory,

Longitude from Washington, 26"* 43M W.
Latitude, 42o 16' 48". N.

Directors : F. Brunnow, 1854

;

J. C. Watson, 1858;

M. W. Harrington, 1879.

Annex of the University of Michigan. Projected in 1852, commenced
in 1853, completed in 1854. The principal structure is surmounted by a

dome and has two wings. About thirty i)lanetoids have been discov-

ered there.

Annapolis, Anne Arundel County^ Maryland.

TJ. 8. Naval Academy Observatory.

Longitude from Washington, 2"° 15^61 E.

Latitude, 38^ 58' 53".48 N.

xYuthority for latitude, Professor Chatjvenet ; for longitude, United

States Coast Survey.

Director : Lieut. Commander P. F. Harrington, head of department

of Astronomy, Navigation, and Surveying.

Assista7its : 1. Lieut. Commander C. J. Train, U. S. Navy

;

2, Lieut. Commander E. P. Eodgers, U. S. Navy

;

3. Lieut. W. J. Barnette, U. S. Navy.

Instruments:

(a) Meridian circle: one; makers, Kepsold, Germany; diameter of

circles, 30 inches ; divided to 2' ; read by 4 microscopes to 2". Aperture

of objective, 4 inches ; for observations of the sun, aperture employed,

— inches; magnifying power ordinarily employed, 80 diameters.

[h) Meridian transit instrument: maker, Wurdemann; aperture, 2

inches ; magnifying power, 40 diameters.

(c) Equatorial instriLment: makers, Alvan Clark & SoNS ; aperture

of objective, 7f inches; magnifying power of eye-pieces, 40, 106, 553,

and 966 ; micrometer eye-pieces, 89, 226, 673.

(/) Chronograplis : one Morse fillet; one Transit of Yenus Commis-

sion.

(r/) ClocTi: one sidereal; makers, Arnold, Chas. FrodshAM, London.

{U) Chronometers: five, mean time; makers, Negus, Nos. 1030, 1088,

1260; Dent, 2099; Hatton, 262: two sidereal; maker, Negus, Nos.

1520, 1527.

(i) Miscellaneous : one Talcott's zenith telescope
(
WDrdemann) ; one

Transit of Yenus telescope (Stackpole); portable transit (Wurde-
mann).

The officers attached to the observatory are not practical astronomers,



EEPORTS OF ASTRONOMICAL OBSERVATORIES. G27

and tbey are fully occupied in duties of instruction in the Department
of Astronomy, Navigation, and Surveying-. The instruments are used
in the course of instruction, but regular observations are not made for

purposes of astronomical investigation.

Battle Creek, Calhoun County, Michujau.

High School Observatory.

Longitude from Washington, ?

Latitude, ?

Director: Arthur K. Bartlett (private observer).

Instruments :

(«) Meridian circle : one ; aperture of objective, 4 inches ; for obser-

vations of the sun, aperture employed, 2 to 4 inches ; magnifying power
ordinarily employed, 75 diameters.

(i) Miscellaneous : The only instrument at present used in the " Obser-

vatory" is a 4-inch achromatic telescope, which was purchased by the

board of education, about nine years ago, for the use of students and

teachers in the high school. It was manufactured by Pike, the New
Yorli optician, and is mounted upon a portable tripod stand, provided

with all the necessary adjustments. For the general observations of

astronomy, it is regarded as one of the best telescopes in this State.

Bethlehem, Fennsyltmnia.

Bethlehem Ohscrratory.

Longitude from Washington, G™ 40M9 E
Latitude, 40° 36' 23".9 N.

Director : ?

Brooklyn, New York.

Private Observatory.

Longitude from Washington, ?

Latitude, ?

Director : G. P. Serviss.

Instruments :

(c) Equatorial instrument: maker, John Byrne, New York; aper-

ture of objective, 3| inches ; magnifying powers of eye-pieces, 50 to 320.

By a double concave, or Barlow, lens of 6 inches focus these powers

are each about doubled, with slight loss of light. In use, five eye-pieces

and a prism. Also, a common spy-glass of If inches clear aperture,

used for counting sun-spots and other observations; power, 25 diam-
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eters. By lengthening the eye-tube as described in Dick's ''Practical

Astronomer" this power can be about doubled.

[g) Cloclcs : A good watch, and clock of ordinary construction.

Observations during the past year (from October, 1870, to

March, 1881)

:

Observations of sun-spots ; keeping a daily map of the sun, on which

the positions and number of spots are denoted ; a weather record kept

in connection with observations of sun-spots ; also, observations of the

principal planets and the moon to detect physical changes; aUo, observa-

tions of nebulne and star-clusters, and of double stars, for color. Atten-

tion has been given to making naked-eye estimates of the comparative

brilliancy of the larger stars. As the result of a great many observa-

tions it is found that Arcturus slightly exceeds Capella, and that Vega

is considerably inferior to both those named. This winter, for the first

time, Bigel has seemed slightly superior to Betelguese.

Work proposed por the coming- year (1881)

:

Continuation of sun-spot observations in connection with a weather

record ; observations of the moon, planets, &c.

Principal publications of the observatory:

Many editorial paragraphs and other articles on astronomical subjects

in the New York Sun.

Additional information :

Since January 1, 1881, a daily record has been kept of the sunset

colors and their intensity, on the supposition that such a record may
possibly have some value for meteorological purposes. A record has

also been kept of meteors and other celestial phenomena.

Brooklyn, New Yorlc

Private Observatory.

Longitude from Washington,

Latitude, ?

Director: W. T. Gregg.

(c) Equatorial instrument: maker, William T. Gregg; aperture of

objective, 6i inches; magnifying powers of eye-pieces, 50 to 600.

Buffalo, Erie County, JHfeio YorJc.

Private Observatory.

Longitude from Washington, 7™ 21^G5 W.
Latitude, 42° 54' 9".5 K
Authority for latitude and longitude : Eeport for 1862 of the Eegents

of University of State of New York.

Director: Henry Mills.
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INSTRU3IENTS

:

(a) Telescope, not equatorial : maker, r.AiiDou: aperture of objective,

3 inches: for observations of tlie sun, aperture employed, 3 inches;
magnifying power ordinarily em])loyed, 50 to L'oO diameters.

Observations during the past year:
Observations on sun-spots and comets and sucli other celestial phe-

nomena as come within the range of the iustrunieut.

Buffalo, Erie County, ]\\'w York.

Private Ohscrratorif.

Longitnde from Washington, ?

Latitude, ?

Director : James AY. Ward,
Assistants: Wife and friends.

Instruments :

(b) Meridian transit instrument.

(c) Equatorial instrument : maker, John Byrne, Xew York City;

aperture of objective, 4 inches; magnifying powders of eye-pieces, (50, SO,

130, 200, 330, 400; useful with Barlow lens to 550.

{h) Chronometer : one mean time; maker, Samuels, Liverjiool.

(i) Miscellaneous : Dolland, If inches, used roughly on alt azinnith

swivel for southern transits, &c.

Observations during the past year:
{h) Observations of Jupiter with memoranda; observations on the

sun's spots; observations double stars and "sweeping''; observati(ms

searching the floors of the lunar plains.

Work proposed for the coming year (1S81):

As before, with illustrated astronomical instruction to a class of ama-

teurs.

Cambridge, Massachusetts.

The Astronomical Observatory of JIarvard College.

Longitude from W^ashington, 23™ 41M1 E.

Latitude, 42° 22' 48".3 K.

Directors: W. C. Bond, 183 1;

G. P. Bond, 18G0

;

J. WiNLOCK, 18GC;

Edward C. Pickering, 1875.

Ass'-.tants: Miss R. G. Saunders,

Miss S. C. Bond,
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Mrs. Anna Winlock,
Mrs. R. T. EoGERS,
W. Y. Brown,
A. W. Cutler,
J. Eayner Edmunds,
B. PiCKMANN Mann,
William A. Eogees,
Arthur Searle,
Frank Waldo,
O. 0. Wendell.

Annexed to Harvard College; projected in 181C; ground acquired in

1827 ; instruments set up in 1839; a central structure, with a great dome,

two wings, two pavilions, surmounted by domes at the extremities of

the wings. Here it was that G. P. Bond discovered in 1848 the seventh

satellite of Saturn {Hyperion), and in 1850 the dusky interior ring inside

the bright rings of that planet. This observatory possesses one of W.
C. Bond's chronographs, mounted in 1849, and an equatorial of 2G^

inches (0°i.68) aperture.

iNSTRUilENTS

:

{«) Meridian circle: makers, Troughton & Simms (glasses by Alvan
Clark «& Sons); diameter of circles, 36 inches; divided to 5'; each cir-

cle read by 4 microscopes to 0".l; aperture of objective, 8^ inches:

for observations of the sun, aperture emj)loyed, 8^ inches; magnifying

power ordinarily employed, 300 to 350 diameters, {a') East transit cir-

cle, by Troughton & Slmms; diameter of circles, 48 inches; divided to

5'; each circle read by 4 microscopes to 0".2; aperture of objective,

4| inches.

(&) Meridian trafisit instruments: one made by Herbst, of Pulkowa,*

aperture, 2| inches ; magnifying power, up to 200 diameters, (b') Large

photometer, mounted in the meridian, for comparing images of stars

during transit.

(c) Equatorial instruments : one made by Merz ; aperture of objective,

15 inches ; magnifying powers of eye-pieces, 100 to 2000. (c') West equa-

torial, by Alvan Clark & Sons ; aperture, 5^ inches.

{d) Spectroscopes: three, described in vol. viii of the Annals of the

Observatory.

(e) Photometers and other suhsidiary apparatus : One Zollner photo-

meter, and several photometers of other kinds.

(/) Chronographs : two, spring governors, by W. Bond & Son; one

small barrel chronograph.

{g) Cloclis: one mean time; maker. Bond, 394: one sidereal; makers,

Frodsham, 1327; Bond, 312.

(/i) Chronometers: two sidereal; makers, Frodsham, 3451; Bond,

23G; one thermometric chronometer, Frodsham, 3424.

(i) Miscellaneous : Comet-seeker and other small telescopes and appa-

ratus.
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Observations during the past tear (from November 1,

1879, to November 1, 1880)

:

[a) Observations for clock error; determinations of absolute places

of 109 stars ; observations for difference of longitude, Cambridge and
New Haven.

{!)') Photometric comparisons of stars visible to the naked eye ; about

40,000 observations made.

(c) (c') Micrometric and photometric observations of the satellites of

Mars (including 1,103 position angles and 245 distances)
;
photometric

observations of 41 eclipses of Jupiter's satellites ; observations of iilan-

etary nebulte ; discovery and examination of stars with unusual spec-

tra ;
observations of variable stars, comets, asteroids.

Work proposed for the coming tear (1880-'81):

Continuation of observations now in progress.

Principal publications of the observatort during the
TEAR 1879-80

:

1. Annals of the Observatory, vol. xi, part i, 1879.

2. Annals of the Observatory, vol. xi, part ii, 1880.

3. Annals of the Observatory, vol. xii, 1880.

4. Thirty fourth Annual Eeport, 1880.

5. E. C. Pickering, Dimensions of the Fixed Stars, published in vol.

xvi of the Proc. Amer. Acad., 1880.

C. W. A. EoGERS, Standards of length, published in vol. xv of the

Proc. Amer. Acad., 1880.

Cambridgeport, 3fass.

Private Observatory.

Longitude from Washington, 23°^ 49« E., approximately.

Latitude, 42° 21' 56" N., approximately.

Director: E. F. Sawter.
For the past four years the director has been principally engaged in

recording meteoric observations, having published from time to time lists

of bright meteors, stationary meteors, meteor showers, &c., and has also

compiled two catalogues of " Radiant points of meteors," deduced from

some 1,100 or 1,200 meteor tracks. Has also collected a series of obser-

vations on the variable stars o Cetl, y Aquila, /5 Lyrce, S Ccphei, and

P Seuti, &c., and, under the head of miscellaneous phenomena, has swept

.some for comets, &c. Observations have been published in the Astr.

Nachrichten, Observatorv, Monthly Notices, Science Observer, American

Journal of Science, &c. During the coming year, generally the same

field of observation will be occupied. Telescopic observations have been

principally made with a 3^ inch Bordan, on portable equatorial stand

with divided circles, but no clock-work.
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Chicago, Cooh County^ Illinois,

Dearborn Observatory.

Longitude from Washington, 42°^ 14^09 W.
Latitude, 41° 50' 1" N.

Directors : T. H. Safford, 1865

;

G. W. Hough, 1875.

Annexed to the University. Founded by subscription in 1822. In

1SG4 it came into iiossession of an equatorial of 18^ inches (0™.47) ajier-

ture, made by Alvan Clark, with the assistance of which S. W.
BURNHAM has made a close and most interesting study of many double

stars.

Instruments :

{a) Meridian circle: makers, Eepsold & Son; diameter of circle, 40

inches; divided to 2'; read by 4 microscopes to 0".l; aperture of object-

ive, 6 inches; for observations of the sun, aperture employed, 3 inches.

(c) Equatorial instrument : makers, Alvan Clark & Sons ; aperture

of objective, 18^ inches ; magnifying powers of eyepieces, positive, 120,

190, 287, 385, 900; negative, 135, 225, 450, 900.

(/) Chronograph: G.W. Hough; cylinder recording.

{g) GlocJcs: one mean time; makers, Howard & Co.; Graham escape-

ment, mercury pendulum : one sidereal : makers, Charles Gortner &
Co., London; Graham escapement, mercury pendulum.

(h) Chronometer: sidereal; makers. Bond & Son.

(i) Miscellaneous: signal mean time clock for transmitting time sig-

nals.

Observations during the past year (from January, 1880, to

March ], 1881):

{a) Eepsold meridian circle. Observations for "Time."

(c) Micrometer observations of the satellites of Uranus. Micrometer
observations on the planet Jupiter. (1) Great red spot; longitude, lat-

itude, length, breadth, &c. (2) Equatorial white spots ; longitude, lat-

itude, length. (3) Miscellaneous spots; longitude, latitude, length.

(4) Position and magnitude of the equatorial belt. (5) Position and
magnitude of the faint belts. (6) Physical observations. Comet obser-

vations for positions. Miscellaneous work.

Work proposed for the coming year (1881):

Satellites of Uranus.

Jupiter continued.

Miscellaneous.

Principal publications of the observatory during the
YEAR 1880:

G. W. Hough, Eeport of the Director. Pamphlet.

Satellites of Uranus. Astron. Nachr.

Eed spot on Jupiter. Astr. Eegister.

Observing seat for the equatorial. Monthly Notices.
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AdDITIO>'AL INFOR:\rATION:

The great equatorial lias been used as lieretoibre by Mr. S, ^V. Bfrn-
HAM for double-star observations. Ilis report is appended.

J^cjwrt of S. jr. Ihirnham.

Title.

An examination of the double star moasiircs of
the Bedford catalogue.

The discovery of k Pegasi as a close double star.

.

The binary star, Deiphiui
New double star, cr Aurigaj
The multiple star, P. sxiii, 100 (Oi 490)

Notes on double stars
New double star, 5 Persei
^ Lyras
40 Leonis Minoris, new double
New double star, 9 Persei
The double star, S 2318
The double star, 2 2789
i/i' Aquarii

Measures of the companion of Sirius.

The double star, 85 Peirasi {0 733)

^ Sagitt arii 1

aEquulci (OS 535)

OS 307 and 02 7

Published in- Voluuic. Page.

Monthly Notices of the
lloyai Astrouomical
Society.

MonthJv Notices
do

Observatory
do.....
do
do
do

Astrouomical Kegister.

.

do
do
do
do

Astronomische
richtcu.

do
do
do
do

Nach-

XL

XLI
XL[
IIIm
111
III
IV

XV [II
XVIII
XVIII
xvin
XIX

497-532

Xumber.

2314

2319, 2334
2338
2340
2341

451
508
408
582
18

140
280
113
286
41

The observations during the year comprise about 800 micrometrical

measures of previously-known double stars, and the discovery of about

70 new pairs, the most of which have been measured on three or four

different nights each. A number of prominent naked-eye stars, some

of which are mentioned in the contributions to astronomical periodicals,

are included in the list of new stars. Careful series of measures of many

of the most difficult of the binary systems have been made, and partic-

ularly those requiring a large aperture from the extreme closeness of the

components, or the faintness of the companion star.

Cincinnati, Ohio.

Cincinnati Oh.scrvatorij (?).

Longitude from Washington, 29™4C^85 AV.

Latitude, 39° G' 20".5 N.

Director: ?

Clinton, Oneida County, Xew Yorl:

Litchfield Ohservatory of Hamilton College.

Longitude from Washington, G™ 34^05 E.

Latitude, 43° 3' 17" K.
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Authority for longitude : Longitude telegraphically determined from

Cambridge, Mass. Latitude by stars in prime vertical.

Director : C. W. F. Peters.
Founded in 1852, by subscription; completed in 1855; central edifice

with wings east and west. Forty-two i)lanetoids have been discov-

ered here.

Instruments :

(b) Meridian transit instrument: maker, W. WijrdemANN, Washing-

ton, D. C; aperture, 2^ inches; magnifying power, — diameters.

(c) Equatorial instrument: one made by Spencer & Eaton j aper-

ture of objective, 13J inches; magnifying powers of eye-pieces, 80 to

1600. (c') One by Steinheil Sons; aperture, 4 inches, {c") One by
Hugo Schroder ; aperture, 5 inches.

(d) Spectroscope: one direct vision 5 imsms; attached to the 4-inch

Steinheil refractor.

(/) Chronograph : by Wm. Bond & Son, Boston, Mass.

{(j) ClocTis: mean time; makers, Wm. Bond & Son.

(h) Chronometer : sidereal; makers, Wm. Bond & Son

Observations during the past year:

(6) {})') Determination of time.

(c) Observations of minor x>lanets, comets, &c.; positions of fixed

stars determined in zones; charting.

(c') (c") Practicing by students of astronomy.

Work proposed for the coming year (1881):

Continuation of work of preceding years.

Columbia, Boone County, Missouri.

The Laws Observatory, University of the State of Missouri.

Longitude from Washington, 1^ 1™ 6^ W.
Latitude, 38° 56' K
Authority for latitude and longitude: Joseph Ficklin and Thomas

J. LOWRY.
Director : Joseph Ficklin.

Assistants : Thomas J. Loavry,

Wm. a. Cauthorn.

Instruments:
(a) Meridian circle: one; maker, Brunner, of Paris; diameter of

circle, 10J inches ; divided to 5' ; read by two microscopes to 3" ; aperture

of objective, 2-ig inches; for observations of the sun, aperture employed,
o
'1 6 inches; magnifying power ordinarily employed, 50 diameters.

(c) Equatorial instruments : one made by Henry Fitz, of New York;

aperture of objective, ^-^§ inches ; magnifying powers of eye-pieces, 30 to
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240 : one made by Meez & Son, of Munich ; aperture of objective, 7|
inches; uiaguifying powers of eyepieces, 80 to 1018. This instrument

is furnished with a micrometer, reflecting prisms, and sun-shades. It is

driven by clockwork. The hour circle is 10 inches in diameter. It is

graduated on silver to single minutes, and reads by two verniers to

4 seconds of time. The declination circle is 15 inches in diameter. It

is graduated on silver to 10 minutes, and reads by two verniers to 10

seconds of arc. The finder was made by Al \' an Clark & Sons, of Cam-
bridgeport, Mass. It has an ai)erture of 1 J inches and a focal length of

17^ inches.

(g) Clods: one mean time; maker, Riggs, of Philadelpliia : one

sidereal; makers, Gregg & Eupp, of New York.

(/) Miscellaneous : The instrumental equipment includes also a sex-

tant made by E. & G. W. Blunt, of New York; the arc is graduated

on silver, and reads by a vernier and microscope to 10 seconds. An
alt-azimuth instrument, made by E. & G. W. Blunt ; it has an aper-

ture of 2^ inches ; the circles are 12 inches in diameter, and graduated

to 10 minutes ; the horizontal circle has four verniers with microscopes

and the vertical circle two, and each reads to 10 seconds. A Transit

theodolite, made by Gregg & Eupp, of New York.

Observations during the past year:

{a) The meridian circle has been used for time observations only.

(c) {&) Equatorial : Observations on IIartwig's comet; observations

on Swift's comet.

Work proposed for the coming year (1881):

1. The ordinary work of instruction to chisses in astronomy.

2. Observations for time.

3. Observations on such new planets and comets as may be announced.

During February and March, 1880, the old observatory building, which

stood a few feet west of the main university edifice, was moved and en-

larged. It now stands on the beautiful eminence in the campus near the

chalybeate spring. The meridian line of each pier now passes between

the university building and the president's mansion. In this position a

good horizon is secured. In the old position the horizon was obstructed

on tlje north by the scientific building, and on the east by the university

building.

The old dome was found to be too small for the equatorial recently pur-

chased, and a brick addition Avas made at the east end for the accom-

modation of this instrument. The whole building is G3 feet long from

east to west, and fronts east.

The present greatly improved condition of the Observatory is due to

the liberality of the president, Dr. S. S. Laws, who, for the advance-

ment of astronomical science, has given to the university more than

$2,000 in order to procure the telescope and put it in complete working

order, and to move and enlarge the observatory building.
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Columbus, FranMin County^ Ohio.

Private Observatory.

Longitude from Washington, 23™ 54^ W.
Latitude, 40° 0' 1".5 N.

Authority for latitude and longitude : Coast Survey for State-house

dome, a couple of miles or so distant.

Director : R. W. McFarland.

Instruments :

(c) Equatorial instrument : makers, Alvan Clark & SoNS; aperture

of objective, 5 inches (nearly completed).

{g) Clocli : mean time ; makers, Parkinson & Frodsham.

Dubuque, Iowa.

Dubuque Observatory.

Longitude from Washington, 54°^ 27^.61 W.
Latitude, 42° 29' 38" K
Authority for latitude and longitude: Boundary line between the

States of Illinois and Wisconsin, projected through the city of Dubuque;
and telegraphic record of star transits at Ann Arbor and Dubuque.

Director : AsA Horr, M. D.—Under the supervision of Prof. J. C.

Watson, in 18G5.

Instruments :

ib) Meridian transit instrument : maker, Wm. Wurdemann, Wash-
ington, D. C. Aperture, 1^ inches ; magnifying power sufficient to note

time by stars of the 10th magnitude. Finding circle, 4^ inches diam-

eter, reading by verniers and lenses to half a minute of arc. The pier

extends 17 feet into the ground, through clay to gravel ; it is 7 feet 6

inches diameter at base, 3 feet at top, which is 4 feet above the surface

;

is surrounded by a brick wall, 8 inches from the stone shaft, the space

between (at the surface of the ground) being stuffed with oakum. The
Y's rest on thin brass supports on the top of stone pillars] instead of the

iron frame which acme with the instrument.

(g) Clocli: mean time; makers, Howard «& Co., Boston. Tower
clock, reliable to less than a second a day through all extremes of tem-

l)erature.

(Ii) Chronometer : mean time ; maker, K. Zimmerman, Liveri:)ool, Eng-
land.

Worli : The transit instrument was erected, and has been used almost

exclusively for the determination of local time.
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Elizabeth, Union County, Xctc Jersey.

Observatory.

Longitude from Washington, 11'" 22».2 E. .

Latitude, 40° 40' 19" X.

Authority for Uititude and longitude: United States Coast Survey.
Director : Charles W. Plyee.

Instruments :

(&) Meridian transit instrument : makers, John Bliss & Sons, Xew
York ; aperture, 1 inch ; magnifying power, 10 diameters.

(c) Equatorial instrument : maker, Henry G. Eitz ; aperture ol' ob-

jective, G^ inches. Xine eye-pieces, from 50 to 030.

FoRDHAM, Keu- Yorl:

Private Observatory.

Longitude from Washington, 12"" 40^47 E.

Latitude, 40° 52' 3L".3 K
Latitude and longitude deduced from Coast Survey map of 1SG3 and

American Ephemeris 1870, assuming the latitude and longitude of Xew
York, given in the Ephemeris, to be the latitude and longitude of tUe

City Hall.

Director : William Meikleham.

Instruments :

(c) Equatorialinstrument: maker, John Byrne, of Xew York; aper-

ture of objective, 4j% inches; focal distance, 05 inches ;
magnifying pow-

ers of eye-pieces, 20, 30, 45, GO, 80, 150, 250, 300, 350, and 450 • also an

amplifier which doubles each of these powers when used. Attached to

the telescope is a finder of 1^ inches aperture, magnifying 20 diameters.

Eight ascension circle divided to read to 4 seconds of time; declination

circle divided to read to 1' of arc. Both circles divided on silver and

read by microscropes attached thereto. Driving-clock.

(d) Spectroscope : one.

ig) Clock : mean time ; maker, Seth Thomas, Sons & Co.

(/) Miscellaneous: Eilar micrometer; divided on silver to measure -jV'

of arc in distance, and G' in position, with suitable eye-pieces and illu-

minating apparatus.

Eort Dodge, Webster County, Iowa.

Longitude from Washington, P 8™.5 W.

Latitude, 42° 30' X.

Authority for latitude and longitude : F. Hess.
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DirdHor : F. Hess.

Assistant : Mrs. P. B. Hess.

INSTRUjVIENTS :

[b) Meridian transit instrument: makers, J. Brotvn & Son, New
York; aperture, 1 inch; magnifying power, 10J diameters, with hori-

zontal and vertical circle, each reading to 1.

{c) Equatorial instrument: aperture of objective, 2f inches; for ob-

servations of the sun, aperture employed, 2f inches; magnifying power
ordinarily emidoyed, 50 diameters.

{g) Clock: mean time; maker, G. M. Wheeler, Elgin, 111.

(/) Miscellaneous : one Troughton sextant and artificial horizon.

Observations during the past year (from January 1, 1880,

to January 1, 1881)

:

No change in the personnel nor addition to the scant equipment of

this station, which can hardly be called au observatory, has been made
since last rej^ort.

Sun-spot observations have been continued throughout the past year,

and many spots have been recorded. The new variable star t CepJiei has

been observed a few times, and the space between ft Polaris and e Gas-

siopeice was frequently searched for other variables. In the course of

haphazard searches for comets, two nebula? were found, which may pos-

sibly be variable, since they are not given on charts and lists containing

much fainter ones not visible at all with my highest magnifying power
of 50 times. One of these nebuhie is located in approximate E. A. 21^^

21"^ Dec. + no 50', the other in 11. A. IC' 15™ Dec.— 1° 22', as esti-

mated by the eye (unaided by position circles) from neighboring stars.

Preparations had been made to observe the occultation of the planet

Mars occurring here in the afternoon of ]\Iarch 17, but that day having

been cloudy here, the observation could not be made. On the 10th of

March at 4'' 20™ p. m., after having found that planet with his small

transit, and knowing its exact position, viz: Az. S. 00° E., Alt. 57° 18',

the director, his wife, and two of his children could distinctly see it with

the naked eye in broad daylight.

Many meteors and several extensive zodiacal lights and two very fine

auroral displays have been recorded.

Daring December, 1880, and January, 1881, mauy extraordinary

parhelife and lunar halos, and on several occasions similar phenomena
produced by the planet Venus, also have been observed here.

Nothing beyond short notices in our local newsjiapers and an occasional

article in the Fort Dodge Messenger on current astronomical events of

general interest has been published by me during the past year.

The work laid out for the present year consists in a continuation of

the former miscellaneous observations and the special observations of

the local times of the following j^henomena:

1. Beginning of the partial eclipse of the sun, IMay 27, 1881.

2. The various i)harses of the total eclipse of the moon, June 11, in-
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eluding the occultations of h Opbinclii by the partially-eclipsed moon,
and of c2 Ophiuchi by the totally-eclipsed moon.

3. The first and second contacts at ingress of the transit of Mercury,
November 7.

4. Close approaches of planets to prouiiuent stars.

Georgetown, Bi.sfrict of Columbia.

Observatory of Georgetown College.

Longitude from Washington, G\2 W
Latitude, 38^ 54' 26".2 N.

Director : (?)

Gla^jgow, Howard County^ Missouri.

Morrison Observatory.

Longitude from Washington, l'' 3'" 5^93 W.
Latitude, 39° IC 1G".75 N.

Authority for latitude and longitude : Longitude, exchange of clock

signals with the Naval Observatory in June and July last, 5 nights.

Latitude, from circumpolar stars observed on meridian circle.

Director: C. W. Pritchett.
Assista7iis : 1. H. S. Pritchett, in charge of meridian circle.

2. C. W. Pritchett, jr.

Instruments :

(a) Meridian circle: one; makers, Troughton & Simms; diameter

of circles, 24 inches; divided to 5'; read by 4 microscopes to 1"
;
aperture

of objective, 6 inches; for observations of the sun, aperture employed,

4 inches ; magnifying power ordinarily employed, 200 diameters.

(c) Equatorial instrument: makers, Alvan Clark & Sons; aperture

of objective, 12^ inches; magnifying powers of eye-pieces, 50 to 1200.

(/) Chronograph: one.

(g) Clock: sidereal; maker, Charles Frodsham, London.

{h) Chronometer : sidereal; maker, T. S. & J. D. Negus, New York.

(*) Miscellaneous: Alt-azimuth, by L. P. Casella, London; comet-

seeker, by Alvan Clark & Sons.

Observations during the past year (from January 1, 1880,

to January 1, 1881):

(a) Observations for time; comparison stars; systematic work de-

ferred for a time.

(c) {&) Observations of double stars; micrometric measures of pairs

specially needing observations ; observations of planets and comets.
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(i) Meteorological observations made three times each day. A time-

ball is dro|)ped daily at Kansas City, 105 miles west of the observatory,

at mean noon of Kausas City. Clock signals are also sent to the Union

Depot, Kansas City, daily at 4 p. m.

Work proposed for the coming year (1881)

:

1. Continuation of the double-star measures.

2. Continuation of the observations of i^lanets and comets.

3. Such meridian work as our time may allow and our wants may
require.

Principal publications of the observatory:
C. W. Pritchett: Eed spot on Jupiter

j
published in Monthly

Kotices.

C.W. Pritchett: Method of observation of red spot on Jui^iter;

published in Astr. Nach.

H. S. Pritchett : Discussion of measures of diameters of Mars
5

published in Astr. Kach.

H. S. Pritchett: Discussion of observation on red spot on Jupiter
j

published in Proc. Am. Assoc.

H. S. Pritchett: Observations comet {d); published in Astr. Nach.

H. S. Pritchett: Observations comet (e)
5
published in Astr. Nach.

Hanover, Grafton County, New Hampshire.

ShattncJi Observatory.

Longitude from Washington, 19™ 3^5G E.

Latitude, 43° 42' 15" 2 N.

Authority for latitude and longitude, Prof, C. A. iouNa.

Directors : C. A. Young, 1853

;

Charles F. Emerson, A. M., 1878.

Assistants : 1. George Otis Mitchell
5

2. Dana Chase Barber;
3. Sidney Bates Cady.

Pourided in 1853, through the liberality of G. Shattuck. Consists

of a west rotunda and three additions. It has double brick walls and

an air-chamber with a space of six inches (O^'.IS) between the walls.

Instruments :

{a) Meridian circle : makers, Troughton & SiMMS ; diameter of

circle, 30 inches ; divided to 5' ; read by reading microscopes to 1', and

micrometers to single seconds ; aperture of objective, 4 inches ; mag-

nifying power ordinarily employed, 120 diameters.

(c) Equatorial instrument : makers, Alvan Clark «& Sons ; aper-

ture of objective, 9.25 inches 5 magnifying powers of eye-pieces, 100 ta

1200, 20 in number.
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{(1) SpcctroscoiJes : large O-prisni Clark spectroscope; seven prism,

double acting (equivalent to 13 prisms), litting equatorial nuMitioiicii

above.

(/) Clironofjrapli : Bond's spring governor.

(//) Clocls: one mean time; makers, U'J zscn^EiDER & Frauen-
HOFER, connected with chronograph : one sidereal ; makers, Utz-
SCHNEIDER & MAULER, of ]Munich, connected with chronograph.

(i) Miscellaneous : Comet seeker, aperture 3.0 inches, mounted on

large tripod
;
small portable telescope, aperture 3 inches ; zenith sector,

loaned by Coast Survey, aperture 4 inches ; full set of c(nnmon meteoro-

logical apparatus, including a recording barometer ; sextant by IIakdv,

of London.

Observations during the past year :

[a) For time and latitude.

{d) Class illustration on reversal of lines, and for prominences.

(i) Meteorological observations 3 times per day ; sun-spot observa-

tions since September 1, 1879.

Work proposed for the coming year (1881)

:

Similar work, with special attention to sun spots, prominence, &c.,

and spectroscopic observations.

Hastings, Westchester County, Xew Yorl:

Private Observatory.

Longitude from Washington, 12-" 42^7 E.

Latitude, 40° 59' 25" N.

Authority for latitude and longitude : Coast Survey.

Director : Henry Draper.

Assistant: A. Hofbauer.

Instruments :

(6) Meridian transit instrument : makers, Stackpole & Brother
;

aperture, 2 inches; magnifying power, 45 diameters.

(c) Equatorial instruments : one reflector, 28 inches aperture, made

by Henry Draper; ((•') one refractor, 11 inches aperture, by Alvan

Clark & Sons, with photographic corrector.

{d) Spectroscopes: 1 diffraction, 1 stellar photographic, 1 automatic,

(/) Chronograph : one made by Henry Draper.

{(j) Glocl- : one mean time ; maker, Howard.

{h) Chronometers: one mean time; maker, :N^egus: one sidereal;

maker, Kegus.

{i) Miscellaneous: Altitude and azimuth reflector of 15^ inches aijer-

ture.

S. Mis. 31 41
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Observations during the past year (from January to

December)

:

(c) Stellar spectrum photographs, with 28-iuch reflector of « Lyrce. a

Aquila\ a Bootis, a Scorpio7iis, Capella, Jupiter, Mars, &c.

{() {&) Photographs of the nebula iu Orion, with 11-inch photographic

telescope, the first ever taken, and requiring an exposure of 51 minutes.

Work proposed for the coming year (1881)

:

-Continuation of the above, with a series of experiments in physics as

bearing on astronomy, in the new astro-physical laboratory in New York

;

the latter experiments especially directed to the presence of the non-

metals in the sun The town laboratory is furnished with a siderostat

with 9i-inch min or, a gas engine of i-horse power, 4 dynamo-electric

machines, induction coils and spectroscopes, «&c., suitable for the

research.

Haverford College, Montgomery County, Pennsylvania.

Haverford College Ohservatory.

JiOngitude from Washington, 6™ 59^33 E.

Latitude, 40° 0' 36".5 N.

(Triangulations from United States Coast Survey stations give

:

Longitude, 5'' 1' 11".62
; latitude, 40° V 49".73.)

Director : Isaac Sharpless.
Assistant : William Bishop.

Instruments :

((() Meridian circle: one; diameter of circles, 26 inches; divided to

15' ; read by 4 microscopes to 2"- aperture of objective, 4 inches

[c) Equatorial instrument : makers, Henry Fitz, re-worked by Clark
;

aperture of objective, 8^^ inches ; magnifying powers of eye-pieces, 60

to 800.

(/) Chronograph: Bond's magnetic.

{g) Clocl's: one sidereal; maker, Lukens: one sidereal; maker. Har-
per ; mercurial compensation.

(i) Zenith instrument : aperture, 2J inches : rejuvenated by Fauth
& Co., and to be set up as soon as addition is built to observatory, to

determine our latitude.

Observations during the past year (from 9 mo., 1st, 1880, to

3 mo., 1st, 1881):

{a) Time observations.

(f) ((/) Phenomena of Jupiter's satellites; occultations by moon;

double- star measures.

Work proposed for the coming yeah (1881-'82) :

Continuation of the aboAC.
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Hudson, Summit Coundj, Ohio.

Hudsou Observatory.

Longitude from Washinoton, 17'" 32^0() W.
Latitude, 41° 14' 42".G N.

Authority for latitude and longitude : Professor J^^lias Loomis, LL. D.
Director, Charles J. Smith.

Instruments :

(a) Meridian circle: one; maker, Soois, of London; diameter of

circles, 18 inches; divided to 5'; read by 3 microscopes to 1"; ai)erture

of objective, 3 inches.

Equatorial imtrument: one; maker, Simms ; a])erture of objective, 4

inches ; magnifying powers of eye-pieces, 50, 100, 150, 250, 350.

Cloclc: sidereal; maker, Molineux; mercurial pendulum.

Observations during the past year :

1^0 systemati*; course of ol)servatious pursued. Instruments used

only for purposes of instruction.

Iowa City, Johnson County, Iowa.

Private Observatory.

Longitude from Washington, 57'" 52*^ W.
Latitude, 41o 39'.8 N.

Authority for latitude and longitude: Observations made a»^ jhQ-

observatory during the past eleven years.

Director: C. W. Irish.

Assistants : Mrs. C. W. Irish
;

Miss Lizzie Irish
;

Miss Ruth Irish
;

Dr. C. M. Hobby.

Instruments :

(b) Meridian transit instrument: a small ono made by the director

himself; aperture, one inch; magnifying power, 11 diameters.

(6') Equatorial instrument: maker, Chevalier, Paris; aperture of

objective, 4 inches; magnifying powers of eye-pieces, 25 to 300.

(/) Chronograph : a Morse register.

(//) Cloclc: one meantime; beating three-q^iarter seconds : of German,

make.

Work proposed:

Observation of the coming transit, of Mercury, if business occupa-

tions i^ermit.
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Lawrence, Douglas County, Kansas.

Observatory connected with Kansas State University.

Longitude from Washington, l'^ 12"^ 47«.9 W.
Latitude, 38° 57' 15" K.

Authority for latitude and longitude : Fred. W. Bardwell, late

l)rofessor of astronomy, Kansas State University.

Director : H. S. S. Smith.

Instruments :

(&) Meridian transit instrument: makers, Stackpole Bros.; aper-

ture, 2^ inches.

{g) Clods : one mean time ; makers, E. Howard & Co., Boston

(medium): one sidereal: maker, Brockbanks, London (old).

{h) Chronometer: sidereal; makers, T. S. & J. D. Negus, ISTew York

(good).

{i) Miscellaneous: Sextant, by Gambey ; comet-seeker, G-inch object

glass.

Observations during the past year:
{h) {b') Time.

(i) Instruction.

Work proposed for the coming year (1881)

:

Time observations and instruction.

LiNWOOD, Hamilton County, Ohio.

Private Observatory.

Longitude from Washington, ?

Latitude, "?

Situated about one mile E. hj S. from Cincinnati Observatory.

Director: E. H. McClure.

Instruments :

{e) One equatorial silvered glass Newtonian reflector. Diameter of

the concave reflecting objective, 5J inches ; magnifying powers of the eye-

pieces, 60, 100, and 200 diameters. The mirror, tube, and mounting all

constructed by Mr. McClure himself.

Observations during the past year (from February 8 to

November 30, 1880)

:

((?) Sun-spots, Faculae, Jupiter, Saturn, &c. Special attention given

to Jujuter, of which a few rough sketches were made.

Work proposed for the coming year (1881):

Same as above; will also observe the transit of Mercury. Will at-

tempt to make a mirror of larger aperture, if the time can be spared

from regular avocations.
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Madison, Dane Counti/, Wisconsin.

The Washburn Ohscrvatori/.

Longitude from Wasliingtou, 49'" 25\8 W.
Latitude, 4,'P 4' ,3G".7 i^.

Authority for latitude aud longitude : A pier of the I Tnited States
Coast and Geodetic Survey, about 500 feet from the obser\atory, has
been connected by a triangulation with the transit-room, and tlie posi-

tion given refers to the center of the transit circle.

Director : Edward S. HoldeK ,

Assistants : S. AV. Burnham
;

G. C. COMSTOCK;
F. W. WiNKLEY.

The main Observatory consists of a dome for the equatorial, which is

mounted, of a transit-room now ready for the Repsold circle, and of a

director's room. A library and additional rooms are now buikling, as

an east wing to the nuiiu building. A small student's observatory, built

by Professor Watson, contains a transit room for the Fauth transit, aud

a dome large enough for an 8-inch equatorial. The Watson Solar Ob-

servatory is still unfinished. The building will i)robably be finished

during the year.

iNSTRiniENTS :

The following will be ordered in 1881 :

{a) A meridian circle: maker, Repsold & Brother, Hamburg; diam-

eter of circles, about 30 iuches; divided to 2'; read by 4 microscojjes to

1". Aperture of objective, 4.8 inches; for observations of the sun, a[)er

ture employed, — inches ; magnifying power ordinarily employed, —
diameters.

The following instruments have been ordered

:

(h) Meridian transit instrument: makers, Fauth & Co., Washing-

ton; aperture, 3 inches; magnifying power, 00 and 120 diameters. This

will have two 12-inch circles divided on the edges: one circle to 10",

the other for setting only. The fine circle has a level for latitude.

{c] Equatorial instrument: makers, Alvaj^ Clark cS: Sons; ajx-r-

ture of objective, 15.5 inches ; magnifying powers of eye-pieces, 145 to

1200.

(/) Chronograph: a chronograph by Fauth & Co., with a couical

pendulum, is provided.

{(j) CIocl-s : one mean time; makers, Seth Thomas Clock Company :

one sidereal ; maker, IIoiiwu, of Amsterdaiu.

{h) Chronometers : one sidereal, maker. Bliss, Xo. 2780; one sidereal

break-circuit. Bliss, Ko. 2791.

Observations during the past year (from Jaiuiary. 1880, to

. January, 1881):

(c) A coast survey transit (since removed) was used in the prime ver-
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tical on one night by Mr. Comstock, and the latitude of a pier 40

feet north of the transit circle piers was found to be + 43c> 4' 37".77 ±
0".C1.

Work proposed for the coming year (1881):

The equatorial, with Messrs. Holden & Burnuam as observers, will

begin a series of zone observations on the plan of Herschel's sweeps.

The 3-inch transit will be used by Mr. Comstock for time observations,

and Polaris and the Sun will be observed at every culmination with

time stars.

Additional information :

*

It is hoped to commence the printing of the publications of the Wash-
burn Observatory during the year. No. 1 will be a descrij)tion of the

Observatory and its history up to January 1, 1881, together with the

Keduction Tables prepared by the late director, Professor Watson.
No. II will contain Burnham's General Catalogue of Double Stars. No.

I of the Contributions has already been printed, and contains a list of

new nebuliB and double stars.

Mount Hamilton. Santa Clara County, California,

Liclc Astronomical Department of the University of California.

Longitude from Washington, 2^^ 58"" 148.6 W.
Latitude, 37o 21' 3" N.

Director : Not yet appointed.

Instruments :

In process of construction.

Work proposed for the coming year (1881)

:

Erection of small Observatory to accommodate the Draper 12-mch

equatorial (Clark & Sons) and time instruments (Fauth). These are

to be set up by Professors E. S. Holden and S, W. Burnham in Octo-

ber, and used to observe the transit of Mercury.

Additional information :

From the report made to the trustees of the James Liclc Trust, by

Prof. S. W. Burnham, the following information is gathered respecting

the situation and elevation of Mount Hamilton, upon which the Lick

Observatory is to be erected:

"The city of San Jose, the nearest point of railroad connection from

Mount Hamilton, is 50 miles south of San Francisco. Mount Hamilton,

by the highway, is 26 miles from San Jose, nearly east, and is reached

by a good road constructed two or three years since by tbe county of

Santa Clara. In order to keep the grade within the limit of six feet in

one hundred, the last portion of the road is carried up the ridges of the

mountain by a circuitous route. The distance between the observatory

and San Jose, in an air-line, is only 13 miles.
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"The approximate ,ii'e().urai)liical of tlie Observatory P/'ak is: Longi-

tude, 121° 30' 40" W.; latitude, ;i7o 21' ;$" N.

"The elevation of this point is 4,250 feet above the level of the sea.

The north peak, which is about three-fourths of a nnle distant, is 110

feet hifiher. There is a rid^e between, along' which is a good trail con-

necting the two peaks. Ine sides of the mountain, in most directions,

are verj^ steep, and form an acute angle at the sunnnit. The view from

the peaks is unobstructed in every directiou, there being no higher

ground within a radius of 100 miles. In this connection the rei)ort of

Messrs. Herrmann Bros., the engineers who surveyed the road, will be

of interest

:

" ' The scope of the horizon from IMount Hamilton takes in more ground,

according to Professor Whitney's Judgment, tiiau almost any similar

j)eak in the Uniteu States, there being no obstruction to the view from

any (luarter. It is remarkably free from fogs and clouds, as we had

ample occasion to observe during our last winter's stay on the mountain

when locating the road. The bearings of the most notable obJe(;ts are

as follows, the distances being taken, when out of our county, from our

most reliable maps

:

Mount Loma Prieta S. 35^ 5' W., lO.l miles.

Mount Thayer S. 51° IS' W., 1 !);*
'•

MouutPoucher S. 38° 35' W., (I
'^

Block Mountain S. 87° W., 27J, '•

Mount Tamalpais N. 51° 20' W., ()(i

Mission Peak K. 47° 55' W., KJ "

MountStory N. 25o 45' W., lOj "

Mount Diablo N. 21o 45' W., 394 "

MountSantaua 8.37° E., 35 "

Murphy's Peak S. C^ 5' W.,15 -

" 'None of these points reach the altitude of Mount Hamilton. Of

those within a radius of 20 miles the Loma Prieta reaches 3,800 feet;

Thayer 3,550, and Block Mountain 2,800. All the rest are between

1,500 and 2,500 feet. Of the further peaks jNIount Diablo is 3,850.'

"

Mount Lookout, Eamilton County, Ohio.

Cincimiati Ohserva tory.

Longitude from Washington, 29™ 29^33 W.

Latitude, 39° 8' 20" I^.

Authority for longitude: Washington Observations for 18 < 7, Appen-

dix IV. For latitude: prehmiuary reduction of unpublished observa-

tions.
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Directors: O. M. Mitchel, 1842;

H. TwiTCHEL, 1853

;

W. Davis, 1854

;

C. Abbe, 1859

;

ORMor^D Stone, 1875.

Assistant: Herbert A. Howe.
Students : H. Y. Egbert,

A. S. Flint.

Founded in 1842 by a society established for the purpose. The ground
was donated by Nicholas Longworth. A new observatory^ was
erected in 1870. It owns an equatorial by Merz and Mahler, with

an aperture of 11.8 inches=0™.30.

Instruments :

(h) Meridian transit instrument: makers. Buff and Berger; aper-

ture, 3 inches; magnifying power, 100 diameters.

(e) Equatorial instruments : one made by IJtzschnbider and Frauen-
hofer; finished by Merz & Mahler; object-glass re figured by Al-
VAN Clark & Sons; aperture of objective, 11^ inches; magnifying

powers of eye-pieces, 90 to 1400. {c') One by Alvan Clark & Sons
;

aperture, 4 inches; magnifying powers, 15 to 250.

(/) Chronograph: Bond.

(g) Clocls: two mean time; makers, Egbert Molyneux, James
Eitchie & Son.

(//) Chronometer: sidereal; makers, William Bond «& Son.

(i) Miscellaneous : Magnetic theodolite ; maker, Gambev. Sextant

;

makers, Stackpole & Brother. Inclinometer, time-ball, telegraphic

apparatus, &c.

Observations during the past year (from September 1,

1879, to September 1, 1880)

:

(h) Determination of time and latitude.

{() Micrometrical measurements of double stars. Observations of sun-

spots. Determinations of positions of comets Hartwig and Pechiile.

(c') Api)roximate determinations of positions of stars south of 23° of

south declination. (Continuation Argelander's Durchmusterung.)

W^ORK PROPOSED FOR THE COMING YEAR (1881) :

Continuation of Durchmusterung south of 23° of south declination.

Principal publications of the observatory during the
YEAR 1880:

Ormond Stone: Micrometrical measurements of 1,054 double stars,

vol. V, Publications of Cincinnati Observatory.

]!^ASHViLLE, Davidson County, Tennessee.

Private Observatory.

Longitude from Washington, 38"^ 5G^ W.
Latitude, 36° 10' 01" :N".
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Authority for latitude and longitude, United States Coa-st Survey.
Director : E. E. Baknaud.

Instruments:

((?) Equatorial imtrument : a simple eciuatorial; ai)erture of object-

ive, 5 inches
; nniynifying powc^-s of eye-pieces, 52 to ry>,{). (c') A small

2h inches alt-azimuth telescope with good rack-work; all the eye-pieces

of large telescope flt it.

(/) Miscellaneous : In use also a small instrument. The base of this

instrument is divided to degrees and read by vernier to 3' of arc. An
upright pdlar carries a semi-circle of altitude ; this is divided to degrees

and read to 3' of arc by a vernier. Attached to the semi-circle of alti-

tude is an hour-circle divided to 4"^ of time and read to single minutes

by vernier. Upon the hour-circle rests a semi-circle of declination

divided to degrees and read to 3' of arc by vernier. On the base are two

levels, the instrument being leveled by three adjusting screws, which

also serve as feet. The declination semi-circle carries a very small tel-

escope about .4 inch diameter of objective. The telescope has a diago-

nal eye-piece with metal reflector and single lenses and vertical and

horizontal hairs. The instrument was made by W. & S. Jones, London.

It is used for identifying stars in comet observations by setting the alti-

tude semi-circle for the latitude, thereby converting the instrument into

an equatorial.

Observations during the past year :

(c) (c') Observations of the planets and comets.

Work proposed for the coming year :

Continuation of the work of last year.

Principal publications of the observatory during the

YEAR :

The only publications have been : Letters to the English Mechanic

(Loudon), Science (of Kew York), &c.

Additional information :

Observations have been from June, ISSO, to Jaiuiary, 1881. These

observations have consisted chiefly in watching the changes on Ju])iter
;

getting positions of comets, and making drawings of Saturn. From

July 11 to January 7 about fifty transits of the great red spot on Jupiter

recorded and some seventy-five sketches and drawings made of the cou-

figuration of his surface. Transits of a ]niml)er of s])ots, &c., on Jupiter

also observed. One black transit of Satellite III and four dark (brown-

ish) transits of Satellite 1 also noted.

A very good set of drawings made of the remarkable black spots

which brolce out just north of Jupiter's great equatorial baiul, in the

iatter part of October (1880). These drawings show the remarlcalde

transformations of these spots until their fiually encircling the planet

with a beautiful scolloped belt.

The comets of which positions have been obtained are Swift's (the

first position of this comet on October 21), and I»echiile's.
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New Haven, Neio Haven County, Connecticut.

Winchester Observatory of Yale College.

Longitude from Washington, O'^ IG™ 30M E.

Latitude, 41° 18' 3G".5 N.

Authority for latitude: Zenith-telescope observations in 1857-'58.

See Am. Jour, of Sci., vol. 30, p. 52. Second series. (Coast Survey lati-

tude 410 18' 40".67.)

Authority for longitude : United States Coast Survey.

President of hoard of managers : C. S. Lyman.
Astronomer in charge of horological bureau : Dr. LEONARD WALDO.
Assistant astronomer : William Beebee.
Founded in 1830. Several instruments were presented by Messrs.

Sheldon and W. Hillhouse.
Directors: 'E.LoOMiBjlSSl',

D. Olmstead, 1836 -,

C. S. Lyman, 1847.

Instruments :

(fl) Meridian circle : makers, Ertel & Sons, 1845. Formerly the

property of the U. S. Naval Observatory. Altered by Willia^i J.

Young, 1855, and regraduated 1876. Diameter of circles, 40 inches;

divided to 2' ; read by six microscopes to 1"
; aperture of objective, 3.S

inches; for observations of the sun, aperture employed, L7 inches;

magnifying power ordinarily employed, 190 diameters ; focal length,

58.2 inches.

(b) Meridian transit instruments : one made by C. S. Lyman, of 30-iuch

focal length ; ajjcrture, 2.6 inches ; magnifying power, 185 diameters.

Circle, 12 inches, reading to 10" by verniers ; it has declination microm-

eter and fine level, for use as zenith telescoiie, made in 1852-'53 : one

by Troughton «& Sisois, London ; aperture, 3.99 inches ; magnifying

power, 150-200 diameters; focal length, 5.108 feet, {b') Combined
transit and zenith telescope, of 36-inch focal length ; aperture, 2.6 inches

;

power, 185 diameters; 12-inch circle, reading to 10" by verniers; decli-

nation micrometer and sensitive level for latitude work ; made in 1852-'56

:

object-glass by Fitz, design and mounting by C. S. Lyman.
(c) Equatorial instruments: makers, Alvan Clark «& Sons; aper-

ture of objective, 9 inches ; magnifying j)owers of eye-pieces, 40, 80, 140,

200, 280, 450, 020. (c') Portable 4|-inch refractor by Messrs. Clark &
Sons.

{d) Spectroscope: by A. Clark & Sons, of 7 prisms twice traversed.

(/) Chronographs : one by A. Clark & Sons, with conical pendulum

governor; another by William Bond & Son, Boston, with Bond's

spring governor.

{g) Clocks: one mean time; made by E. Howard & Co., Boston;

one by William Hillhouse, New Haven : one sidereal; by William
Bond & Son, Boston; one by Appleton, London; one by E. How-
ard & Co.
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{h) Chronometers : one pockut cliionometcr, mciui time; by JouxsoN,
Loudon: one sidereal; by Poole, London, improved by Xegus, Xew
York.

(i) MisceUaneous : Two bitilar position-micrometers, one by Dollon^),
the other by Fauth & Co., Washin-ton, I). C; a patent sextant and
a patent retlecting circle, by Pistor & Martins, Perlin ; repeatinj^:

relays, sounders, &c., for tune service. Yale College has also in use a

5-iuch 10-foot refractor by Dollond; a sidereal clock and a 1'0-inch

transit instrument, in charge of Professor LoOMis.

The horological bureau is a department of the AVinchester Observa-

tory, organized in January, 1880, with a special equipment of instru-

ments for a regular and extended public time service. The standard

time, by law of the State, is that of the meridian of the city hall, New
York, which is 4"' 1J>^(! slow of New Ilaven, and 12'" J0^5fast of Wasli-

ingtou. Another important work of the bareau is the testing of watches

and chronometers in the interest of the watch manidacture, for which

hot and cold closets and other special facilities are provided.

There is also connected with the Observatory a thermometrical bureau,

in charge of Dr. Waldo, for the verificatiou of clinical and other ther-

mometers. It is amply furnished with the best standards, ai)paratus of

comparison, and other facilities for this work. About 1,000 thermome-

ters have been tested in the last six mouths.

A. Eepsold & Sons, of Hamburg, are constructing for the Observa-

tory a heliometer of inches aperture and embodying the latest imi)rove-

ments. It is to be finished during the year 1881.

Observations during the past year (LS80):

(«) Besides the regular time-service and the thermometric work, a

series of observations has been made, with interchange of the observ-

ers, for determining telegraphically the ditference of longitude between

Cambridge and Xew Ilaven, the observers being Prof. WilliA3iA.

Sogers, of Cambridge, and Dr. Waldo, of New Haven.

Work proposed for the coming year (1881-'82):

The regular time and thermometric service, and the erection of a

building for the heliometer, with preparation for observing the approach-

ing- transit of Venus, and for other work with this instrument.

Newington, Hartford Cointti/, Connecticut.

Frirate Ob,serraforij.

Longitude from Washington, 21"^ 25=^ E.

Latitude, 41^ 44' 0" X.

Authority for latitude and longitude : Difference from Hartford State-

house, Coast Survey.

Director: D. W. Edgecomb.



652 REPORTS OF ASTRONOMICAL OBSERA^ATORIES.

Instruments :

(c) Equatorial uistriinient: Makers, A. Clark & Sons; aperture of

o])jective, 9.4 inches ; magnifying- powers of eye-pieces, various up to

2,000.

(g) Clock: Mean time; Swiss regulator, seconds.

VI. Additional information:
This Observatory consists of a small frame building, with dome 12

feet 6 inches diameter, upon the grounds of the owner, covering an
equatorial telescope. The latter rests upon a granite pedestal, weigh-

ing about 1,500 pounds. The mounting is by Young, of Philadelphia,

and is of the best workmanship. The declination circle is 13 inches in

diameter, reading by verniers to 10 seconds of arc. The hour circle is

10 inches diameter, reading by verniers to 4 seconds of time. The
graduations are upon silver. The object-glass, tube, and finder are by
A. Clark & Sons. The aperture of the object-glass is 9.4 inches, with

a focal length of 121 inche^ , and is without doubt the finest specimen

of the skill of Mr. Alvan Clark. Under the most rigid tests, its

figure is found to approach very closely to absolute perfection. It is

shown also by the vision it gives of the closest double stars and the

faintest companions to bright stars hitherto discovered. Among the

former, y^ Andromedw, A Cassiopecc, and rj Coronw in its present position

may be mentioned, and of the latter class, the companions to y Lyrce,

Z A(piillw, e and p Hydrce, the star closely following the attendant to

Reyulus, and under very ftivorable circumstances the 2" companion to

£ Coronw. The instrument has been used for general observations of

the stars, moon, and planets, other occupations preventing the owner
from carrying on at present any more regular work.

New Windsor, fiercer County, Illinois.

Observatory.

Longitude from Washington, 53™ 40^ W., approximately.

Latitude, 41° 13' IST., approximately.

Authorities for latitude and longitude : Director's own observation,

and from longitude of government arsenal at Rock Island, 111.

Director: Edgar L. Larkin.
Permanent Observatory, brick pier, and revolving dome.

Instruments:
(c) Equatorial instrument: makers, Alvan Clark & Sons; aper-

ture of objective, 6 inches ; magnifying powers of eye-pieces, 27, GO, 130,

250, 300, 600, with prism and solar eye-piece. Two of the eye-pieces are

Gundlach's periscopic.

{g) Clock : sidereal ; ordinary clock.

(i) Miscellaneous: Planisphere, charts, maps, and catalogues.
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Observations durino the past year (fioiu Janiuiry 5,1880,

wheu telescope was luouuted, to Febrmviy 23, 1881)

:

(c) With high powers, doubles and variables ; also observatious on

plauets aud on the sun, daily.

Work proposed for the coming year (1881):

Variables, aud comet seeking ; also, searching for nebuhc.

Principal publications of the observatory during the

YExVR :

Edgar L. Larkin: Motion. Published in Kansas City Peview, vol.

iv, p. 177.

Edgar L. Larkin : Meteor Notes. Published in Science Observer,

Bostou, No. 28, p. 27.

Current newspaper articles.

New York, Xew Yorlc.

CoUmhia College OUervatory.

Longitude from W^ashingtou, IG- 29«.9 E.

Latitude, 41° 18' SO^.S N.

Director: ^

New York, New Yorlc.

Frirate Ohscrvatonj.

Longitude from Washington, 12- 15M7 E.

Latitude, 40° 43' 48".53 N.

Authority for latitude and longitude: United States coast surveying

party (1850), with zenith telescope upon 24 pairs of stars, and telegraphic

communication with Washington and Cambridge.

Director : L. M. Putiierfurd.

Assistant: D. C. Chapman.

INSTRUjNIENTS :
i. ^ Q

(&) Meridian transit instrmncnt : maker, Stackpole; aperture 3

'^T^j::Z:^tZ^^ maker. Messrs. Putherfurd ^ Pi^

aA^e of objective, 13 inches. The telescope has been employed

mostly in photographing the sun, moon, and groups ot s.ais.

(/) Chronof/raph : MoRSE.

(g) ClocTi : sidereal ; maker, Dent.
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NoRTHFiELD, Bice CoKnit/, Minnesota.

Carleton College Astronomical Observatory.

Longitude from Washiugtou, 1'' 4'° 23^85 W.
Latitude, 44° 27' 40".77 N.

Authority for latitude : zenith telescope observations of 40 pairs of

stars reduced to apparent places from Safford's catalogue.

Longitude depends on exchange of telegraphic signals between Coast
Survey Office at Saint Paul and director at iSTorthfield.

Director: William W. Payne.
Assistant: C. W. Beers.
Completed in 1878. Attached to Carleton College central building,

6 meters long, surmounted by a dome, with two wings, one used for

meridian instruments, the other for the library.

Instruments :

(h) Meridian transit instrument : makers, Messrs, Fauth & Co. ; aper-

ture, 3 inches; magnifying powers, GO, 70, and 80 diameters.

(c) Equatorial instruments : makers, Messrs. A. Clark & Sons; aper-

ture of objective, S-^ inches; magnifying powers of eye-pieces, 50, 100,

200, 400, 800. {&) Portable equatorial : maker. John Byrne of New
York; aperture of objective 4.3 inches.

(/) Ghrono()rapli : one, made by A. Clark & Sons.

{g) Cloclcs: one mean time; makers, Messrs. E. Howard & Co., No.

196: one sidereal; makers, Messrs. B. Howard & Co., No. 195.

{h) Chronometer: sidereal; makers, Messrs. Bond »& Sons, No. 374.

(i) Miscellaneous: The Observatory has been favored by the loan of a

good zenith telescope for several months from Lieut. Edward Magitire,

chief engineer in the department, with headquarters at Saint Paul. The
large equatorial is provided with micrometer, with a full battery of eye-

pieces.

Observations durino the past year :

Class instructions and instrumental errors.

{a) Transit used for time observations. Railroad time is given at 12

o'clock, noon, to the Northwestern Telegraph Company for railroad com-

panies of this and adjoining States.

(b) Our time signal daily goes over 1,285 miles of wire.

(c) {&) Micrometrical measures of double stars. Positions of comets

and asteroids.

{&) Small equatorial devoted to class instruction entirely.

(i) Determination of latitude and longitude of the Observatory.

Work proposed for the coming year (1881)

:

1. Time observations.

2. Other work essentially as given above.

Additional information :

Printed matter from the Observatory has consisted of articles for the
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daily papers of Saint raul, Miiinoapolis, an<l Chicago. Tlie Observa
tory haviiig no funds for publication i)urposes, could do notliin,i;' in this

way thus far.

(Near) Oxford, Lafai/etfc Counf}/, ^^M^s.sij)pi.

Obserratorij of Uitircrsiti/ of Mississippi.

Longitude from Washington, 49™ ^).)^();; W.
Latitude, :>P 2'2' 12".Gf X.

Authority for latitude and longitude: li. 1>. Fulton.
Director : 11. B. Fulton.
The Observatory was erected in ISTCJ.

Instruments :

(a) Altitude-azimnth: makers, Lerebours & Secretan; diameter of

circles, 10 inches; divided to 10'; read by 4 nucroscoiK's to 10"; aper-

ture of objective, li inches.

(&) Meridian transit instrument : makers, B. Pike & Sons; ai)erture,

2^ inches.

(c) Equatorial instrument : maker, Merz, of ^Munich; aperture of

objective, J-A inches; magnifying powers of eye-pieces, ()(> toMlL* diameters.

(d) Spectroscope : Kirchoff's 4-prism table spectroscope.

(g) Cloclc: mean time; makers, Eitchie «& Sons, Boston.

(//) Chronometer: sidereal; makers, William Bond & Son, Boston.

Work proposed for the coMma year ( 1881 )

:

Determination of variation of magnetic needle in various places in

this State.

Phelps, Ontario County, Xen^ YorJc.

Bed House Observatory.

Longitude from Washington 12'' W.
Latitude, 42^ 58' X^.

Director: AVilliam B. Brooks.

Assistant : ]\Irs. Brooks.

Instruments :

(c) A silvered-glass reflecting telescope of 5 inches aperture and 50

inches focal length, mounted as a Xewtonian on altazimuth stand. A
2-iuch rellector, M inches focus. Both made by tlu^ director.

{(j) Clock: meantime; makers unknown; marine.

Observations during the past year (from January 1, 1880,

to January .'U, 1881)

:

(rt) Sun-spots were observed with the 5-inch reflector on February 6,

8, 9, 22, 24 ; March 18 and 31 ; April 7, 12, and 28 (very large group)

;
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May 1, 3, 11 ; September 12, largest grouj) for many years, equal to ^of
the suu's diameter ; October 3, and December 4. Drawings were made
of the most remarkable spots.

Hartwig's comet was observed on October 2, the evening of the day
of announcement ; also on October 3, 4, 5, G, 7, 8, 9, and 10. On 3d
instant it was in the same field with Ali)hecca. Swift's comet was
observed November o and 26, December 4. Owing to dense clouds

Pennule's or Pechiile's comet was not seen until Decend)er 31, when
it was quickly picked up with 2-inch achromatic in E. A. 19^' 39™

N. Dec. 19° 23'. It was also seen January 1, 1881; January 2, 19, and 20.

Preparations were made to observe the occultation of Mars, March 17,

but clouds prevented ; also the partial eclipse of sun December 31, but

observations were again frustrated by clouds.

Work proposed for the coming year (1881):

Mainly comet seeking; solar jihenomena and the planets will also

receive attention.

Additional inforsiation:

Descriptive articles on Hartwig's, Swift's, and PE^;nuLE's comets of

1880, also remarkable solar spots, have been published in one or more

of the following papers: "Scientific American," "Science Observer,"

"Science," "Eochester Democrat and Chronicle," " Geneva Courier,"

" Plielps Citizen."

Philadelphia, Pennsylvania.

Central High-School Observatory.

Longitude from Washington, 7"^ 33^04 E.

Latitude, 39° 57' 7".5 N.

Director: ?

Poughkeepsie, Dutchess County, New Torlc.

Vassar College Observatory.

Longitude from Washington, 12'" 38^5 E.

Latitude 41° 41' 18" N.

Director : Maria Mitchell.
Observatory^ built in 1878.

iNSTRrUMENTS :

{a) Meridian circle: maker, YouNG, of Philadelphia ; aperture of ob-

jective, 3f inches.

(c) Equatorial instrument : object-glass by Clark; aperture of ob-

jective, 12.^ inches; magnifying powers of eye-pieces, 200 to G00+.

[J) Chronograph: one.
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{fj) Cloclc: one, sidereal; makers, Uond & Son.
(/i) One chronometer: mean time; makers. Bliss & Creighton.
(/) Mhcellaneous : Small telescopes; one by Clark & So^^s; aper

tiire, 3 inches.

Observations during the past year (from 18S0 to 1881)

:

(a) Observations for the time.

(c) Observations on Saturn.

(i) The sun is photographed on every fine day at noon.

Work proposed for the coming year (1881)

:

(rt) Observations for time.

{&) Observations on planets, especially Saturn.

(/) Observations on sun-spots.

Princeton, Xcic Jersey.

Observatories of the College of New Jersey.

Longitude from AVashington, 9"" 34:«.54 E.

Latitude, 40° 20' 57".8 K.

Director : C. A. Young.

The Halsted Observatory, which was built in 1870, but never

equipped, is being put in order for the reception of the great equatorial

of 23 inches in diameter. This magnificent instrument, which is pro-

vided for by the liberal subscriptions of friends of the college, is in pro-

cess of construction by the Clarks at Cambridgeport. The object-glass

is completed, and is a very fine one; the mounting is well under way,

and unless something unexpected occurs the instrument will be in posi-

tion before January 1, 1882. The telescope will be occupied at first

mainly with stellar spectroscopy; and a spectroscope is being con-

structed for it by Hilger, of London, under the kind supervision of

Mr. Christie, of the Greenwich Observatory.

The Observatory of the John C. Green School of Science, which

was erected and provided with instruments in 1877, remains substan-

tially unchanged. A new 3-inch transit, by Fauth was mounted in

the west room in 1879, and the Aycrigg tiansit was transferred per-

manently to the prime vertical. A reflecting circle by Pistor & Mar-

tins has also been added, and a full set of meteorological instruments.

The principal employment of this Observatory and of Professor

Young is in giving instruction in practical astronomy; a little scientific

work has, however, been accomplished. During the winter of lS78-'70 a

telegraphic connection with Washington was effected, and six nights'

observations put the Princeton meridian circle 9°^ 34«. 54 ± 0^02 east of

the Observatory dome at Washington. During 1879 and 1880 five inde-

pendent series of latitude determinations have been made by two dif-

S. Mis. 31 42
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ferent observers, Mr. M. McjSIeill and Mr. A. S. Tlint, with llirce

different instruments, the Kahler transit and the Fautii transit (used

as zenith telescopes), and the prime vertical. The results agree re-

markably well, all giving the latitude between 40° 20' 57".7G and 40° 20'

57". 81. The final result is 40^ 20' 57".79 ± 0". 04. In ]N"ovember, 1879,

a series of micrometrical observations were made upon the planet Mars
with the 9^-iuch equatorial, for the purj^ose of fixing its polar compres-

sion. The reduction of the observations gives -^l-^,
for the value of tliis

quantity: a result surprisingly accordant with that deduced theoreti-

cally by Adams, on the supposition that the law of density of the planet

is not very different from the earth's. Both satellites were readily seen

with the instrument, and this fact, with many others, goes to show that

the telescope, the object-glass of which it will be remembered has the

Gaussian curves, is one of the best, if not the best, of its size in exist-

ence.

Occasional spectroscopic observations have been made; especially a

minute examination of the 70 dark lines in the solar spectrum given by
Angstrom and Thalen as belonging to the spectra of two or more

metals in common ; indicating, according to Mr. Lockyer's ideas, the

existence of some common constituent in the metals concerned, and so

tending to show them to be really non-elementary. The examination

was made in the summer of ISSl with an apparatus of urprecedented

dispersive power, consisting of a Eutherfurd grating of 17,000 lines

to the inch, and collimator and telescope of about 4 feet focus. As a

result, 56 lines of the 70 were found to be distinctly double or multiple;

7 were doubtful, generally because they could not be certainly iden-

tified, and 7 appeared to be single; 3 of the 7, however, while shown
on the map as common to iron and some other metal, are not so given

in Thalen's tables. On the whole, it is clear that the facts brought

out do not favor Lockter's hypothesis.

One remarkable solar i)i"ominence was observed in October, 1881,

which in an hour reached an elevation of 350,000 miles—the highest yet

on record.

The spectra of several comets have been observed, and some series of

observations have been made upon their places which have been of use

in computing their orbits. A few double-star measures have been

taken; and observations were made upon the transit of Mercury in

1878, the solar eclipse of last December, and sundry occultations.

The solar eclipse of 1878 was observed at Denver by an expedition

sent out from Princeton, under the direction of Professors Bracpiett
and Young, and its results were duly published in the American Journal

of Science.

Besides the members of the college classes, several others have
availed themselves, for a longer or shorter period, of the opportunities

at Princeton for the study of i^ractical astronomy.
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Providence, Providence County, Rhode Zsland.

Seagrave Observatory.

Longitude from Wasliinoton, f}2'" .'M^,")! p].

Latitude, 41° 49' 4G''.40 X.

Authority for latitude and longitude: United States Coast Survey
and ourselves, F. E, Seageave and Leonard Waldo.

director: F. E. Seaqrave.

Instruments :

(c) Equatorial mstrument: one equatorial; makers, AlvAN Clark &
So:>s; aperture of objective, 8^ inches; magnifying powers of eye-

pieces, 93, 121, 184, 311, 571; negatives, 518, 110, 230, 335, 375; positive

eye-pieces achromatic, 248.

{d) Spectroscope: one by Browning, which consists of 4 whole and 2

half prisms of 0(P; flint glass; gives a dispersive power of ten i)risms

by reflection.

Chronometer: sidereal; maker, Victor Kullberg, London.

Observations during the past year (from June 20, 1880, to

December 31, 1880)

:

1. Observations of 01 Cijgni from June 20, 1880, to December 31, 1880,

for the purpose of determining the amount of its ])roper motion.

2. Observations of a few of Burnham's doable stars.

3. A few observations of the position angles and distances of the

satellites of Saturn.

Work proposed for the coming year (1881):

It is proposed this year to select some star in the northern hemispliere

(as near the pole as possible) that has a large proper motion, and select

two or three smaller stars that are in the same fiekl of vision, and meas-

ure the distance and position angles of them from the large star, for the

purpose of determining the amount of proper motion, and possibly its

parallax.

Additional information:

It is also intended to observe the satellites of Saturn during the next

opposition, and measure the distances and position angles of the small

stars next Mars during the opposition of December, 1881.

EiVERDALE, New Yorlc County, Xeio York.

Longitude from Washington —
Latitude—
Xot yet determined, owing to the recent removal of the Observatory

from Fordham to Eiverdale.

Director ; William jVIeikleham.
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Instruments :

(c) Equatorial instrument : maker, John Byene, of Kew York ; ap-

erture of objective, 4-^% iuclies; focal distance, 65 inches; magnifying

powers of eye-pieces, 20, 30, 45, 60, 80, 150, 250, 300, 350, and 450; also

an amplifier, which doubles each of these powers when used. Attached
to the telescope is a finder of 1^ inches aperture, magnifying 20 diame-

ters. Eight ascension circle divided to read to 4 seconds of time; dec-

lination circle divided to read to 1' of arc. Both circles divided on
silver and read by microscopes attached thereto. Driving-clock.

{d) Spectroscope: one.

{g) Cloch: mean time; maker, Seth Thojias, Sons & Co.

(i) Miscellaneous: Filar micrometer; divided on silver to measure 0".3

of arc in distance and 6' in position, with suitable eye-pieces and illu-

minating apparatus.

ObSEEVATIONS DUEINa THE PAST YEAR:
Xo observations have been systematicallymade during the year ending

January 1, 1881, owing to the removal of the observatory and the con-

sequent confusion arising therefrom.

EOCHESTER, Monroe County, Xeic YorJc.

Warner Observatory.

Longitude from Washington, 3" 8^ W.
Latitude, 43° 8' 17" X.

Authority for latitude and longitude : Signal Service officer.

Director: Lewis Swlft.

iNSTRiniENTS:

(c) Equatorial instrument: makers, Alyan Clark & Sons (con-

structing)
; aperture of objective, 16 inches ; magnifying i)owers of eye-

pieces, from 45 to 2000. {c') Altitude-azimuth, 4J inches, by Fitz;

powers from 25 to 432. Telescope 4J-inch refractor, originally by Fitz,

but since last report the flint lens of the objective was unfortunately

broken ; it has been replaced by Alyan Clark & Sons. Irs perform-

ance, which was always good, appears to be rather better than before

the accident.

ObSERYATIONS during THE PAST YEAR:
The work done during the past year has been a repetition of that for

several years past, viz, comet seeking and observing those discovered

by others. The nebiilse observed and heretofore overlooked, which,

however, are very few in number, have been also carefully recorded on
star charts. This facilitates the prompt detection of a comet. ]\Iuch

caution, however, is necessary not to announce and especially not to

cable the discoverv of a comet where no motion has been detected.
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The year 1880, aud tlms far in 1881, have been icmarkahk' as the

most unfavorable for such work for many years past.

On October 10-11, about mid night, another new comet was discovered.

Although no positive motion was detected in two hours' watching, from

a strong suspicion that it was a comet, the discovery was telegraphed to

four astronomers widely separated, in the hope that some one of tliem

would be fortunate enough to have a clear sky, and be able to secure an

early observation before the moon would interfere. Only one. Professor

Boss, of the Dudley Observatory, succeeded in finding it, and fortunately

he obtained the first position of it that could be used in computing its

orbit. On the evening of the 11th, as soon as twilight had disappeared

aud in presence of a half moon, it was re-observed and immediately

cabled, but owing to moonlight it was not discovered in Europe until

October 25. The comet though large, was very faint, and proved

to be identical with comet III, 18G9 (Tempel), which adds another to

the list of periodic comets. It was for some time a question whether

its period was 11 or 5i years. A thorough discussion of all the observa-

tions during its present and last observed apparition by Prof. S. C.

Chandler, jr., and also by others, proves beyond all doubt that its

period is a little less than rA years.

The Warner Observatory is not yet completed, though work on it is

progressing satisfactorily, and it will be ready for occupancy in early

autumn. The telescope, a 10-iuch refractor by the Clarks, is nearly

conii)leted.

Additional information :

The Warner Observatory has issued the following circular:

TO AMERICAN ASTRONOMERS.

Rochester, K Y., Januan; T), 1P<SI.

Learning that the Imperial Academy (f Sciences of Vienna has wiih-

drawn its offer of a gold medal \ alued at $00 for the discovery of comets,

and being desirous that the search for them should not be abandoned,

I hereby offer for every such discovery, subject to the conditions wiiicli

follow, the sum of 1200 in gold as a prize, to be known as the Warner

Safe Remedy Prize.
, ,

.

Condition 1.—The comet must be unexpected and telescoinc, excei>t-

ing only the comet of 1812, which is expected to reappear duriug the

coming year.
, n . ^, t- -4. i a* ^

Condition 2.—The first discovery must be made m the United btates

or Canada. , , , , ^ 4^

Condition 3.—Immediate notification by telegraph must be made to

Prof. Lewis Swift, of Rochester, director of the Warner Observatory,

who will cause the same to be cabled to Europe, and will also send

notification to astronomers in this country by spcicial circular or asso-

ciated press dispatches.
. ,1 ,• e 1- ,,.,„.^ fi.o

Condition 4.—The telegram must give the time ot dls(•o^ely, the

position, directiou, and daily rate of motion with suificient exactness to

enable at least one astronomer to find It.
o,;.«vnn-or,iinrr

Condition 5.—In the event of auy dispute which may arise legaiding
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priority of claim or nou- conformity with tJiC coDditions named, tlie de-

cision shall be referred to Prof. Asaph Hall, of the jSTaval Observatory,
Washington, D. C, and Prof. C. A. Yonng, of Princeton Observatory,
and their decision shall be tinal.

The above offer, unless previously" renewed, will expire January 1,

18S'*

H. H. AVarnee.

Saint Louis, Missouri.

Observatory of Washington University.

Longitude from Washington, 52°^ o7^02 W.
Latitude, 38° 38' 3".G4 N.

Authority for latitude and longitude : A pier about 150 feet away from

the observatory pier was located by IIaekness and Eimbeck (1870). A
survey was made from that j^ier to the new one.

Director : J. K. Rees, 1877.

Insteibients:

[h] 2Ieridian transit instrument: maker, Wuedemann ; aperture, 2.G5

inches; magnifying i)ower, 90 diameters, with micrometer attachment.

(c) Equatorial instrument : maker, H. Fitz, of New York City; ap-

erture of objective, ^\ inches; magnifying powers of eye-i^ieces, 7G, 125,

190, 305, and 45G diameters, {c') Finder: 2yP^o inches aperture; magni-

fying power, 23 diameters.

(d) iSpeetroscope : one single prism Browning spectroscope.

(e) Photometer and other subsidiary apparatus : tilar position, microm-

eter attached ; clock-work for moving telescope.

{g) Clock : mean time ; common tower clock.

{h) Chronometer: meantime; nuxkers, (1) DentXo.2749, (2) Blacxie
Xo. 789.

(/) Miscellaneous : Sextant, by Blunt, of New York City.

South BETiiLEnEM, Pennsylvania.

Sayre Observatory of Lehigh University.

Longitude from Washington, G'" 40M9 E.

Latitude, 40° 36' 23".89 N.

Director: C. L. Doolittle.
Founded in 1877, in connection with Lehigh University.

Insteuments :

(c) Equatorial instrument : makers, Claek & Sons ; aperture of ob-

jective, G inches ; magnifying powers of eyepieces, 12 to 225.

{g) Clock : sidereal ; makers, Bond & Son.

[i) Miscellaneous : A portable transit instrument by Stackpole, a
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zenith telescope by Blunt, and a prismatic sextant by Pistor & Mar-
tin.

Observations during the past year :

Besides the work of iustrnction, the principal work of the Observatory
has been a series of measurements of position angles and distances of

Jupiter's satellites, and of their eclipses.

Work proposed for the coming year (1881)

:

Observations of Jupiter will be kept up, with such attention to comets

as circumstances will permit.

South Hadley, Massachusetts.

Observatory at Mount HolyoTce Seminary.

Longitude from Washington, !

Latitude, 1

Through the liberality of Mr. A. L. Williston, of Xortharapton, the

seminary has recently been enabled to erect a small bat very complete

astronomical Observatory, supplied with all the necessary instruments.

It is designed to furnish the means for instruction to any who may wish

to make the subject a specialty, and to give opportunity to any of the

teachers or post-graduates who may take an interest in astronomy to

make observations of real value.

The building, of wood, consists of a tower with a dome 18 feet in

diameter, flanked by two wings, one extending to the east and one to

the north. The dome is very light, and rotates so easily that even the

feeblest of the young ladies can manage it without difficulty. The ar-

rangements for opening and closing the shutters which cover the slit in

the dome, and the openings fortlie transit and prime vertical instrument,

are worked with equal facility. In the dome is mounted a flue 8-inch

equatorial by Clark, completely fitted out with clock-work, finding-

clock, micrometers, spectroscope, solar eye-piece, &c., and so arranged

that the circles can be read and the clamps and tangent screws worked

from the eye-piece of the instrument.

The object-glass is almost entirely the work of the senior Alvan

Clark, and is one of the most perfect specimens of his art.

In the transit-room is mounted a meridian circle by Fauth & Co., of

Washington. The instrument has a telescope of 3 inches aperture, and

circles of 10 inches diameter, reading to seconds by two microscopes.

It has a reversing apparatus, and is fitted with a "latitude level" and

micrometer, so that it can, if desired, be used as a zenith telescope. A
large collimator is mounted upon a pier south of it, and in a corner of

the room is a clock with Denison escapement, also by Fauth & Co., as

is the chronograph, which is mounted in an adjoining closet. The Ob-

ervatory possesses also a sextant and artificial horizon and a set of

smeteorological apparatus.
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There is no instrument in the prime vertical room (which is used

mainly as a waiting-room or for recitations), but it is provided with a

pier and shutter, so that the meridian circle can be set up there if it is

eier thought desirable to make observations in that plane.

The building and its equipment have cost not far from $10,000.

C. A. YouNa.

Tarrytown, Westchester County, New York.

Private Observatory.

Longitude from Washington, 12™ 47M6 E.

Latitude, 41° 04' 21" N.

Authority for latitude and longitude: United States Coast Survey.

Birector: Charles H. Eock"\vell.

Instruments :

(c) Equatorial instrmnent: makers,—glass, Dr. C. S. Hastings;—
mounting, John Byrne ; aperture of objective, G^ inches; magnifying

powers of eye-pieces, GO, 112, 170, 243, 327, 409, 751.

Additional information :

The equatorial has been mounted in a new observatory 12^ feet diam-

eter of dome. A chronodeik for equal altitude observations has been

added to the instruments mentioned in previous reports. No other

changes.

Troy, Rensselaer County^ New Yorlc.

Williams Froudjit Observatory.

'

Longitude from Washington, 13™ 27^.5 E. (nearly). '

Latitude, 42° 43' 52" I:^.

Authority for latitude and longitude : Latitude determined by obser-

vations with the zenith telescope ; longitude by electro-magnetic signals

from United States Naval Observatory.

Director : Professor Dascom Greene.
Assistant: Palmer C. IIicketts.

Instruments :

(b) Meridian transit instruments: one made by E. Kubel, Washing-
ton; aperture, 2.5 inches; magnifying power, GO diameters: {b') one

made by Phelps & Gurley, Troy; aperture, 2 inches; magnifying

power, 30 diameters.

(c) Equatorial instrument: maker, Henry Fitz, New York; aper-

ture of objective, 3.5 inches; magnifying powers of eye-pieces, 45 to 200

diameters.

io) Clocks: one mean time; maker, Stokell, New York; one by
Howard, Boston.

'
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{h) Chronometer: sidereal; maker, J. Fletcher, London.

\i) Miscellaneous: Sextant; TROUGnTON & Simms, LondoiL

Observatioiss during THE PAST YEAR (from September, LS70,

to September, 188U)

:

Besides regular trausit observations for time, by the director and

assistants, the instraments have beeu used by the senior class of the

Eensselaer Polytechnic Institute for i)ractice in astronomical observa-

tions.

Work proposed for the coming year (1880-'81) :

This is expected to be similar to the work of the past year.

Washington, District of Columhia.

United States Xaval Observatory.

Longitude from Greenwich, 5^' 8'" 12^09 W.
Latitude, 38^ 53' 38".8 ]S".

Directors: M. F. Maury, 1844;

J. M. GiLLiss, 1861

;

C. H.Davis, lSo5;

B. F. Sands, 18G7

;

Eear-Admiral John Eodgers, U. S. X., 1874.

Assistajits : 1. Prof. A. Hall, ")

2. Prof, W. Harkness, I

3. Prof. J. R. Eastman, } Professors, U. S. Navy.

4. Prof. E. S. HoLDEN,
|

5. Prof. E. Frisby,
\

6. Mr. A. E SKINNER,
^ p^,.,,,^,^^^,,^ ^4,,,.,,,,,, .^tron-

7. Mr. H. W. PAUL,
^

^^^^^^^.^

8. Mr. H. S. Pritchett, )

9. Mr. J. A. EOGERS, Temporarily employed in photographic

experiments.

10. Mr. W. F. Gardner, Instrument-maker.

Created by the Navy Department in 1833. Transferred in 1843 to

University Square. In 1872 it came into possession of an equatorial ot

ALVAN Clark & Son, 32^ feet (9-.9) in focal length, and with an aper-

ture of 26 inches (0-.65) ; by means of which A. Hall discovered the

two satellites of Mars in 1877.

Instru^eents : ^. ^ „

ia) Meridian circle: one; makers, PiSTOR & Martins; diameter of

circles, 43.40 inches; divided to 2'; read by 4 microscopes to 1; aper-

ture of objective, 8.52 inches; for observations of the ^^^^'"^^^
ployed, 3 inches; magnifying power ordinarily employed,

^f^y^^^"^'''^'
(b) Meridian transit instruments: one made by Lrtel ^V ^of^ JJ^^^

"

tule 5.33 inches; magnifying powers, 85, 86, 106, 118, 162. {b') Light
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portable transits aud zeuitli telescopes combined, used on Transit of

Venus Expeditions.

(c) Equatorial instruments: one made by Alvan Clark & Sons;

aperture of objective, 26 inches; magnifying powers of eye-pieces, 120

to IGOO. (c') One made by Merz: 9.02 inches aj^erture; powers, 90 to

900. {c") Eight 5-inch equatorials by Alvan Clark & Sons, used on

Transit of Venus Expeditions.

(e) Photometer: one nebula-photometer (Hastings' pattern) for use

with the 26-incIi equatorial.

.

(/) Chronograjyhs : some 10 or 12 in all, of various kinds.

{g) ClocJx's: mean time, two; sidereal, six.

(//) Chronometers: mean time; all the chronometers of the United

States Navy are kept here. Sidereal, eight, by Negus.

Work proposed for the coming year :

The same as in former years.

Additional information :

[The following is a short abstract of the annual report of the Super-

intendent of the Observatory to the Chief of the Bureau of Navigation,

and in it will be found details additional to the information presented

above.—E. S. H.]

United States Naval Observatory,
Washington, October, 20, 1879.*******

The 26-ineh equatorial.—This instrument has been in charge of Prof.

Asaph Hall, with Prof. Edward S. Holden as assistant until Febru-
ary, 1880, since which time Prof. Edgar Frisby has been the assistant.

The instrument is now in good order, and it is in constant use. It has
been employed as in previous years in the observation of satellites, dou-
ble stars, and nebulae.

The transit circle.—This instrument has been employed during the

year under the direction of Prof. J. K. East3IAN, who was assisted by
Prof. Edward S. Holden as an observer since Ai)ril 1, 1880 ; Prof.

Edgar Frisby until December 10, 1879; Assistant Astronomer A. N.
Skinner during the year ; Assistant Astronomer il. M. Paul until his

resignation, July 1, 1880, and Assistant Astronomer IT. S. Pritchett
until his resignation, February 1, 1880. Mr. JNIiles Kock has been em-
l)loyed as a temporary assistant astronomer since July 1, 1880; and Mr.
William C. Winlock has been similarly employed sinceAugust 2, 1880.

Mr. WiNSLOW Upton has been employed as a computer since July IG,

1880. Lieut. E. Longnecker and Lieut. A. H. Vail have been employed
in reducing transit-circle observations, the former during the year and
the latter since April 23, 1880.

The observations have been confined to

—

1. Stars of the American ej^hemeris for clock aud instrumental cor-

rections.

2. Sun, moon, major and minor planets.

3. Stars whose occultations w^ere observed in connection with obser-

vations of the transit of Venus in 1874.

4. Standard stars for a catalogue of zone observations.
5. Such stars of the British Association catalogue between 120° 0'
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and 1310 10' K r. D. as liave not been observed liere throe times in
both rifi'lit ascension and decHnation.

0. Stars used in observations of comets with the 2(;-in('li and O.fi-iiieli

equatorial.

7. Stars used in the determination of latitude by the United States
Coast and Geodetic Survey, the Lake Survey, Capt. ii. 31. Wiieei.eu's
Survey, and by Lieut. Commander F. M. GrJeen iu surveys iu the West
Indies.

The whole number of observations made with the transit circle since
the last report is 4,140. Of these observations, (iS were of the sun, 02
of the moon, 1-15 of the major planets, ami 11.") of the miiKu- i)lanets.
The printing- of the annual volume for 1870 has been delayed several

months by lack of funds, but it is now nearly done. Of the transit
circle work, that for ]S77 is ready for the ])rinter; the reductions of the
1878 observations are nearly tinished

; those of 1879 are nearly iinislu'd

to apparent j^lace
;
while those of 1880 are as lav advanced as the na-

ture of the work will permit.

TJic d.C) inch equdforiaJ.—This instrument is under the direction of Tiof.
J. E. Eastman, who has the same assistants as on the work with tlie

transit circle. It has been employed in the observations of coiiiets aiul

occultations of stars, and also in determining the ai)i)roximate correc-

tions to the e[)liemerides of such minor planets as are not readily found
with the transit circle.

The meteorological department is under the direction of Professor

Eastman, and tlie usual observations^ at intervals of three hours, be-

giuningat midnight, have been made throughout the year by the watch-
men, Messrs. Hays, Hokigan, and Cahill.

Astronomical photographij.—The experiments in astronomical photo-

graphy, including the reduction of the photographic observations of the

transit of Mercury in ]\Iay, 1878, are under the charge of ]*rof. W'si.

Haekness, who iias been assisted by Master E. F. Qualtrough and by
Mr. Joseph A. IJogers.
At the date of my last report the reductions of the Ann Arbor photo-

graphs of the transit of Mercury were suspended because the reticule

plate used in nuiking the pictures had not been returned to this obser-

vatory. Since then the plate has been received, and the work of rediu>

ing the photographs has made considerable ]U"ogress.

An investigation has just been conmienced for the puri)Ose of obtain-

ing- some light on the following questions, namely :

1st. What are the capabilities of objectives of various sizes for as-

tronomical photography, and what are the ai)proximate exposure coeffi-

cients for the difttrent classes of celestial objects?

2d. What form of an a]>paratus is best adapted for ])hotographing

the corona during total solar eclipses, and what exposure coefficient is

likely to be required ?

3d. What kind of pyroxyleue is best adapted for astronomical pho-

tography, and how can it be produced with certainty 1 Much time has

been spent in planning these experiments, and in devising suitable

apparatus for executing them, and it is hoped that they will lead to

practical results.

mar ccUpHes of July 29, 1878, and January 11, 18S0.—The reports on

these eclipses have been collected into a volume (which is noticed else-

where). , . ^1 T
• ^

The first part of the Transit of Venus papers, embracing the history

and general discussion, is iu the hands of the printer, and the composi-
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tiou is about complete. The press-work was, however, postponed on
account of the incomplete state of the general reductions of the obser-

vations to appear in Part 11. These reductions cannot be completed
without a small additional appropriation for the purpose.

The library.—The library contains 8,500 volumes, distributed about as

follows

:

I. Works on astronomy, mathematics, geodesy, i^hysics, meteorology,
and geography, including transactions of learned societies—about 0,200
volumes.

II. Pamphlets on the same subjects, each one separately bound in

paper covers, placed in drawers, and classified by subjects—about 1,000
numbers.

III. Miscellaneous works of reference, &c., in the office of the Suj)er-

intendent—about 700 volumes.
IV. Publications of the United States Senate and House of Eepre-

sentatives—about GOO volumes.
Total, 8,500 volumes.
A card catalogue of about 10,000 cards has been completed. It is

not necessary to print this at present. After the cards become soiled

by use, they should be printed to preserve them.

Distribution of the pxiblications of the Observatory.—A list of 921 names
has been prepared, and to these correspondents our publications are
distributed. Academies of science, public observatories, and the princi-

pal colleges, receive the complete volumes. The appendices are dis-

tributed to all observatories, to the principal astronomers, and others in-

terested in astronomy.
In return for this liberal distribution, the library receives, free of cost,

the i^ublications of the principal observatories, learned societies, &c., of
the world.

Since February, 1879, about 12,000 separate numbers of our publica-
tions have been distributed. These were mostly to fill sets which had
been left incomplete in former distributions. At present all our corre-

spondents have complete sets of our volumes, as far as we can supply
them.
In addition to his duties as librarian, Professor Holdex takes his

regular tour of duty as an observer on the transit circle; and he has
made a set of drawings of the planets Saturn and Jupiter, with the
2C-inch equatorial, aiul a series of measures of the dusky ring of Saturn,
in continuation of those made in 1879.
During the year the Western Union time-ball in Xew York has fiiiled

nine times : once on account of a heavy snow-storm ; four times owing
to interruption to the Western Union lines ; and four times owing to

accidents to machinery. The Washington time-ball has failed twice,
owing to accidents to machinery.

West Point, Xeic Yorl:

West Point Observatory.

Longitude from Washington, 12°^ 22^71 E.

Latitude, 41° 23' 31" X.

Director: .
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WiLLETS Point, Queens County, Xcw Yorl:

Field Observatory—Engineer Sehool of xipplication.

Longitude from Wasliiugton, 13™ 01\57 E. ± 0M4.
Latitude, 40^ -47' 21".59 X. ± 0".()S.

Latitude determined by observations with zenith telescope. Longi-

tude determined by telegraphic time-signals from Xaval Observatory,
Washington.

Director : General Henry L. Abbot.
Assistant : Capt. J. C. Mallery.

Instruments :

(It) Meridian transit instruments : {Four:) One, makers, Lingke &
Co., Silesia ; aperture, 2.^ inches ; magnifying power, — diameters ; focal

length, 30 inches. One, Eussian transit, aperture, 2.0 inches ; Stackpole
& Bko., Xew York ; focal length, 30 inches. One, Troughton, aperture,

2 inches ; Troughton, London ; focal length, 30 inches. One, Stack-
pole, aperture, 2 inches; Stackpole «&Bro., Xew York; focal length,

24 inches.

(c) Equatorial instrument : makers, Fauth & Co., Washington

;

aperture of objective, 5i inches; magnifying powers of eyepieces, as-

sorted.

(/) Clironograplis : Hipp's: Xegus-Morse register.

(/i) Chronometers : one mean time ; makers, Arnold & Dent : one

sidereal; makers, Lukens; Bond & Son. Both break-circuit.

(?) Miscellaneous : One portable telescope, equatorially mounted: one

zenith telescope

—

Willia3I Wurdemann ; two sextants, Siackpole

«& Bro. ; one personal equation machine ; one barometer. Green's

cistern.

Observations during the past year :

Observations for determining latitude and longitude, for instruction

of engineer officers at the school.

Observations upon auroral displays, extended through entire night,

and continued since 1S70.

Work proposed for the coming year (ISSl)

:

Similar to above.

PrinciPxVl publications of the observatory during the

year :

xVnnual battalion order announcing results of season's works.

Additional information :

Observations on the Aurora Borcalis—The regular series of records of

the displays of the Aurora Borealis, begun in 1870, has been continued,

as heretofore. Three sentinel posts, widely separated from each other,

are guarded nightly by soldiers of the Battalion of Engineers specially

selected as watchmen. Eight men are thus permanently detailed.

Three of them remain on dutv from sunset to sunrise, and are required
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to repori, when relieved, whether tliey have seeu any auroral lii;ht dur-

ing the night ; and if not, whether the sky has been sufficiently clear to

permit any to be visible. These records for the past year are presented

in the following consolidated table—which, considering the difiiculty of

distinguishing the fainter displays, is regarded as establishing the trust-

worthy character of the record by the ge::eral accordance between tlie

three independent observers. It appears that out of 21G favorable

nights, 13 auroras were noted ; and if we may assume the same ratio to

apply to the clouded nights, about -J2 auroral displays occurred during

the twelve mouths.
Auroral displays in 1880.

jSTame of montli.

.Tanuarv . - -

February .

.

March
April
May
Jane
July
Ausust ...

Scptt-niber.
October. ...

November.
December.

.

Auroras.

Total for year 13

0.0
0.0
1.3
1.3
0.3
0.0
1.0
3.0
1.0
2.0
3.0
0.0

Clear nights.

14.7
17.3
16.3
IKO
18.7
19.3
18.3
18.0
18.3
20.7
16.0
20.0

213 215.6

Clouded niiihts.

^ oi
I « I

10.3
11.7
14.7
12
12. 3

10.7
12.7
1.'!.

11.7
10.3
14.0
11.0

143 153 I 150.4

Summary of auroral ncords for eleven years.
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spots ill the year 1S70 to be a inaxiiiiuin and in 1S7S a ininiinain. Tt will
be noted that these years are nearly those of maxinuun and uiininuiiu
observed auroras.

WiLLiAMSTOWN, Mfififtach usetts.

WnUamfitoicn Observatory.

Loujiitude from Washington, 15™ ]8»,G E.

Latitude, 42° 42' 49" N."

Director : ?

Ypsilanti, Washtcnaiv County, Michigan.

State Normal School Observatory.

Longitude from Washington, 20™ 10'' W.
Latitude, 42° 13' :^^.

Authority for latitude and longitude: J. C. Watson.
Director : Lewis McLouTn, M. A.

Instruments :

(&) Meridian transit instrument : malvor, Gueley, Albany; aperture

li inches; magnifying power, 30 diameters.

((') Equatorial instrument : maker, A. Clark, Cambridgeport, ^Nfass.

;

aperture of objective, 4 inches ; uuignifying powers of eye pieces, 45, 90,

144, 210.

(d) Spectroscope : Browning, London, 2 prism.

ill) Chronometer: sidereal; maker, Negus.

(i) MisceUaneovs: The observatory building is completed. Xo syste-

matic work has been done. The building is small, and its equipment is

for instruction rather than investigation. The equatorial is quite good

—the one with which Professor Watson made his observations on the

supposed planet Yulcan.

IL FOREIGN OBSERVATORIES.

Aberdeen, Scotland.

See Dun Echt.

Abo, Eussia.

Aho Observatory.

Longitude from Greenwich, 1'^ 29™ 8«.2 E.

Latitude, COO 26' 5G".8N.

Director : —-—- ?
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Adelaide, South Australia.

Observatory Branch of Post-Office and Telegraph Department.

Longitude from Greenwich, 9^ 14™ 21« E.

Latitude, 34° 57' S.

Director: C. ToDD, 1860.

"Our Observatory is but a young institution, but Parliament has

recently voted over £3,000 for instruments and buildings, including a

large Transit circle, and a barograph, thermograph, Kew anemometer,

&c. We already x)0ssess a fine Equatorial, with which good work is

done."

C. Todd,

Government Astronomer.

Algiers, Algeria.

Observatoire National.

Longitude from Greenwich, 12™ 11».39 E.

Latitude, 36© 45' 2".7 N.

Director : ?

Altona, Prussia.

Sternwarte.

Longitude from Greenwich, 39™ 46«.35 E.

Latitude, 53° 32' 45".3 N.

Built upon the ramx)arts in 1815 ; transferred to Kiel in 1873. (See

Kiel.)

Directors : H. C. Schumacher, 1816

;

A. C. Petersen (transient), 1851

;

P. A. Hansen, 1852;

C. A. F. Peters, 1855.

Armagh, Ireland.

Observatory.

Longitude from Greenwich, 26™ 35^5 W.
Latitude, 54o 21' 12".7 K.

Founded in 1792 as a dependency of the University,

Directors : J. A. Hamilton, 1792

;

T. R. Robinson, 1825,
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Athens, Greece.

Observatory.

Louj2:itude from Greeinvicli, 1'' ;U"' r)o\7 E.

Latitude, 37o 58' 20" X.

Commenced in 1845. Erected through llie liberality of JJarou voN
SiNA, iu Yieiina. It lias a dome contaiiiin.i;- a refractor of (5.7 inches
(O*".!?) aperture.

Directors: G. C. Bonris, 1844;

J. F. J. Schmidt, 1858.

Basle, tSin'tzerlanrl.

riii/sikaJischcs In.stitut.

Longitude from Greenwicli, ?

Latitude, -"?

Director : Ed. nACrENBACii.

Instruments:
[a) Tlie Meridian circle^ constructed by the Soci6t6 Genevoise, with 2i-

inch objective, by 0. A. Steinheil.

(c) The Equatorial., made by the "Soci<5te Genevoise pour la construc-

tion d'iustruments de ))hysi(pie" mounted on an isolated ])illar, under a

movable dome of 10^ feet (5 meters) diameter. The instrument is pro-

vided with a centrifugal regulator, constructed according to I^rof. M.

TnuRV's directions, with i)osition micrometer, s))ectroscope, and camera

obscura.

{(1) Spectroscope.

{(j) The astronomical clock was constructed by Theodoij Knohlicii,

in Hamburg.
The mean time is given by means of an electric pendulum, by M.

Hipp, in Neuenburg.

Both clocks connect with a number of dials in various rooms, and also

Avith the chronograph.

Bergen, Norway.

Naval Observatory.

Longitude from Greenwich, ?

Latitude, ?

Founded in ITss. So far has only been used to furnish the standard

time.

Directors : 0. F. G. Bohr, 1818

;

J. J. Astrand, 1833. (!)

S. Mis. 31 43
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,
Berlin, Prussia.

EonigUche Sternicartc.

Longitude from Greenwicli, oS"' 348.91 E.

Latitude, 52o 30' 10".7 N.

Directors: G. Kirch, 1706;

J. H, Hoffmann, 1710

;

C. Kirch, 1717;
*

J. W. Wagner, 1740;

H. N. Grischow, 1745;

J. Kies, 1754;

r. IT. S. Aepinus,1755;

J. J. HUBER, 1750;

Jean Bernoulli, 1767;

J. B. Bode, 1786;

J. F. Encke, 1825

;

W. J. FOERSTER, 1865.

Librarian: Dr. V. Knorre.
Founded at the request of Leibnitz in 1705; completed in 1711.

Originally situated in the suburb Dorotheenstadt, in the northern i^art of

the city. A great square tower of five stories, 46 feet (14 meters) in

length and 88^ feet (27 meters) in height. This Observatory was re-

modelled in 1787 and again in 1800. In 1833 a new Observatory was
built at the southern extremity of the Charlotten Strasse. The "Astro-

nomische Jahrbuch" has been i^ublished annually since 1776. It was
here that Galle discovered Neptune in 1846.

Bern, Switzerland.

Sterniimrte.

Longitude from Greenwich, 29"" 46^ E.

Latitude, 46° 57' 8".7 N.

Directors : F. Frechsel, 1821

;

E. Wolf, 1847;

J. Koch, 1856;

H. Wild, 1859;

A. J. T. FORSTER, 1871,

Constructed uj)on a bastion in 1822. In plan a regular octagon, the

circle described about which has a diameter of 65^ feet (20 meters).

i\

Birr Castle, Ireland.

Farsons-toivn Observatory.

Longitude from Greenwich, SI"" 40».9 W.
Latitude, 53° 5' 47" N.

Director: The Earl of Eosse.
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Instruments :

It is here wa« erected tlui celebrated sixty-foot retieotinu' telescope,
with a six-foot s])eculuiii.

Bogota, United ^Ifatcs of Colombia.

B(>(j()i(( Obscyratonj.

Lougitiide from (Ireenwich, ?

Latitude, ?

Recently fouuded.

Director : Gonzales.

Bologna, Italy.

Osser rator io A s t ro n om ico.

Longitude from Greenwich, 45'" 24«,0 E,

Latitude, 44^ 29' 47" N.

Bo:MiiAY, Jn(li((.

Gorerument ()b.scrr((tory at Colaba.

Longitude from Greenwich, f

Latitude, ?

Director : Charles Chambers.
The ])rincipal work of the Colal)a Ol)s«'rvatory is in the lields of ter-

restrial magnetism and meteorology, and astronomical observations are

made only for the ])ractical purpose of time keepiug, partly for the ]>ub-

lic service and partly for the use of the Observatory.

Bonn, Prussia.

Uriivcrsitiits Sternwa rte.

Longitude from Greenwich, 28'" 2:5^29 E.

Latitude, 50° 43' 45" I^.

Directors: K. D. voN MtJNCHOW, 1818;

F, W. A. Argelander, 1837j

E. ScnoNFELD, 1875.

Founded in 1818 near the University. The erection of a more com-

plete Observatory was decided upon in 1837, and the new establishment

was finished in 1840. It includes two halls for meridian iustruments

and live turrets. Here it was that the review of the heavens, known

under the name of ''Durchmusterung," was undertaken and accomplislied

under the direction of Argelander, including all stars up to the ninth

magnitude.
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B0THCA3IP, near Kiel, Prussia.

Observatory.

Lougitude from Greenwich, 40"' 30^8 E.

Latitude, 54° 12' 9".6 i^T.

Director

:

?

Bordeaux, France.

Ohservatoire.

Longitude from GreenwicL, ?

Latitude, ?

Director

:

?

Bremen, Germany.

Ohservatorium der Navigations Schule..

Longitude from Greenwich, I

Latitude

Director

Latitude, "?

i>

Breslau, Prussia.

Universitdts Sternwarte.

Longitude from Greenwich, l^' 8"^ 8^71 E.

Latitude, 51° 6' 56".5 N.

Directors: J. E. Scheibel, 1759;

L. A. JuiN^GNiTZ, 1780;

H. W. Brandes, 1809;

P. H. L. Van Boynslarvski, 1827

;

Prof. Dr. J. G. Galle, 1852.

ObservatioES here were begun about 1760 at the gymnasium, where

the professor of mathematics had collected a few instruments. They

were continued at the University, and the Observatory properly so called

was gradually developed.

Brussels, Belgium.

Ohservatoire Boyale.

Longitude from Greenwich, 17'" 28^.6 E.

Latitude, 50° 51' 10".5 N.

Directors : L. A. J. Quetelet, 1829 •

J. C. HouzEAU. 1876.
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Projected iu 182G, begun in 1829, completed in 18.",4. A lar-e hall for
meridian observations is located between two wiiius, each sunixmnted
by a turret.

BUDAPEsrn, llnngnry.

K. K. iStcrnirarte.

See 0/en.

Cadiz, ^SjHdn.

Naval Observatory.

Longitude from Greenwich, ?

Latitude, ?

Cairo, Egypt.

Ohficrratoire Khedi via I.

Longitude from (rreenwich, ?

Latitude, ?

Director : MAiniovD.

Founded about ISal).

Cambridge, England.

Cambridge Observatory.

Longitude from Greenwich, 2l'\75 E.

Latitude, 52° 12' oV'.G ^.

Directors: W. Ludlam, 17G7;

A. Shepherd, 1709;

S. ViNCE, 1797

;

II. WOODIIOUSE, 1820;

G. B. Airy, 1827

;

J. Challis, 1836;

J. C. Adams, 18G0.

Commenced at Christ College; removed to St. John's College in 17G7.

Li 17G1: a special location was assigned to it above the entrance gate ot

Trinity College. The senate of the University caused a better Observa-

tory to be erected in 1820, Avhich was completed in 1824. The sti ucture

consists of four halls forming a cluster of buildings.
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Cape Town, Africa.

Royal Observatory^ Cape of Good Hope.

Lougitudc from Greenwich, 1'' 13'" 55** E.

Latitude, 33° 5G' 3".4 S.

Antliority for longitude, Henderson ; for latitude, Stone.

Directors: F. Fallows, 1820;

T. Henderson, 1831

;

T. Maclear, 1834;

E. J. Stone, 1870;

David Gill, 1879.

Assistants : W. H. Finlay
;

G. Maclear;
EoBT. H. Pelt;
I. Freeman.

Founded in 1820. Owned no instruments of importance until 1829.

It was not at this Observatory that John Herschel made his observa-

tions, but some distance from here on a private estate called Feldhau-
sen.

Instruiments:

(«) Meridian circle, by Eansome «& Simms for the engineering part;

Troughton & SIMMS for micrometric and optical part; a sister instru-

ment to the Greenwich circle ; diameter of circles, QQ inches ; divided

to 5'; read by G microscopes to O'.Ol estimating easily to O'.OOl as at

Greenwich. Aperture of objective, 8 inches; magnifying power always

emidoyed, 200 diameters. .

(e) Equatorial instruments : makers, object-glass by Merz, mounting

(German form) by Troughton & Simms ; aperture of objective, 6.9

inches ; magnifying power of eye-pieces, 40 to 400. {&) Small equato-

rial, S.G-inch aperture (Dollard), 46 inches focal length, mounting on

long polar axis (English form), maker unknown ; without clock-work,

at present dismounted.

{d) Spectroscope : spectroscope by Troughton & Simms.

(/) Chronograph : one by Bond, not at present in use.

{g) Cloelis: one mean time; maker, Molyneux: one sidereal; * maker,

Barraud.
{h) Chronometers: mean time and sidereal. A supply of these instru-

ments kept for use of Her Majesty's ships, consequently frequently

changed.

(^) Miscellaneous : A heliometer of 5 feet focal length, 4 inches

(French) aperture. Tube and cradle by Eepsold, mounting by Griibb.

(This instrument is the jjrivate property of Mr. Gill.)

*Auew normal clock, with Airy's escapement and. air-tight case, is in course of

coustrnction by Messrs, Dent,
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Observations durix(I the past year (from .lamiary 1. 1880,
to January 1, 1881)

:

v(«) Fimdameutal stars for Sclioonfelcr.s ''
1 )iiiviiiiiiist('niii.u-."

Additional stars of N. and S. declination for nivestii^ations coniuH'ted

with refraction.

Daily observations of « and ,5 Centauri for i»arallax.

Small list of stars observed at request of Dr. Auwers,
Selected list of circumpolar stars.

Long series of observations connected with investigations on i)ersonal

equation.

List of stars to be used in connecting longitudes of Aden and ("ape of

Good Hope.

((') Every star, down to 6th of May, occulted by the moon has been

observed when weather permitted. Every eclii)sc of Jui)iter's satellites

has been observed when weather permitted.

{i) The heliometer arrived in December. Observations with that in-

strument for annual parallax of fi Cotfdiiri, s Tiidl and ,5 llydri have

been commenced.

Work proposed for the coming year (1881)

:

Completion of observations of Schoenfeld's fundamental stars.

Completion of personal equation investigations.

• Continuation of observations of a and /5 Centauri.

Com])letion of a nseful catalogue of southern circnmpolars for observ-

ers of transit of Venus, 1882.

Completion of longitude connection of Aden and Cape ofGood Hope.

Researches with the heliometer on parallax of fixed stars.

C3utinuance of series of observations of occultations of stars by the

moon and eclipses of Jupiter's satellites. Arrangements being made for

application of photometer to these latter obser\-ations, as at Cambridge,

United States. •

Additional information:

There have been no publications of the observatory issued during the

past year (1880). The great catalogue of 12,400 stars, deduced from ob-

servations 1870-'79, was taken to P^ngland in 1879 by Mr. Stone for

pnblication, together with the annual volumes for 1877-'78 in M3S.

Owing to necessary alterations in the microscojies of the transit circle,

and to some other instrumental changes, tlie new series of X. J'. D. work

was not begun till March, 1880. The completion of one series of obser-^

vations and the commencement of another creates a gap in the plan of

publications. The Cape catalogue for 1850, deduced from ]\[aclear's ob-

servations in 1849, '50, '51, and '52 is nearly completed. It contains all

stars of the B. A. C. catalogue having south declination.

There are also under preparation for press :

Occultations of stars by the moon (about 400 in number) observed be-

tween 1834 and 1870, reduced and compared with tables.
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A series of observations of double stars made between 1849 and 1868

(cliiefly observations of a Centmiri, and some of the most interesting-

southern double stars)

.

Catharinebueg, Russia.

Astronomical., 2fagnefical, and Meteorological Observatory.

Longitude from Greenwich, 4'' 2™ 48^ E.

Latitude, 56° 49' N.

Authority for latitude and longitude: Kupffer (1841); Fritsche
(1873 and 1870) ; Scharnhorst and Kuhlberg (1875).

Director: G. O. Clerc, secretary IS'atural History Society.

Observers: V. A. Babkin;
A. M. Chechulin.

(b) Meridian transit instrument : makers, Ertel & Sohn (small pas-

sage instrument) ; aperture, 1.5 inches, {b') Another by Brauer in St.

Petersburg (universal instrument).

{g) GlocJcs: one mean time; maker, E. Ei.auth, in St. Petersburg

(without Xo.) ; another regulator, without name.

{h) Chronometers: meantime; makers, E. Flautii, Ko. 37 ; Wiren,
'So. 86.

{i) Miscellaneous : Magnetic theodolite, Brauer, jSTo. 37 ; Brauer's
compass for magnetical declination and intensity ; Gambey's inclinato-

rium ; variation magnetometers (syst. Gauss) ; several series of me-

teorological instruments of different construction ; thermometers for

observation of the temperature from superiicy to three meters depth.

Observations during the past ybar:
[a) The passage instrument was used every day whenever the weather

permitted, for determination of time by observation of the sun.

Work proposed for the coming year (1881)

:

Magnetic and meteorological observations ; elaboration of those ob-

servations.

Principal publications of the observatory during the
YEAR 1880

:

The observatory does not print anything ; all its observations apj)ear

in the annals of the central Observatory at St. Petersburg.

G. O. Clerc : Debacle de la Tchonsdomia (Euss. and French), p. 83,

vol. V, " Bulletin de la Societe ouralienne des sciences naturelles."

G. O. Clerc: Translations from German into Enssian, and from Eus-

sian into French, in the 5th and 6th vols, of the " Bulletin de la Societe

ouralienne des sciences naturelles."
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CiiAPn/rEiMX', Mexico.

Xafional Obscyvatory.

Longitude from Greeuwicli, ()'' 30'" 38'M*4 W.
Latitude, 19° 25' 17".5 X.

Director: A. Anguiano, 1S78.

Projected in 1876 ; established in 1878.

CHRISTIA^'IA, Xoricay.

TJniversitaU Stcrnwarte.
•

Longitude from Greenwich, 41*™ 53^65 E.

Latitude, 59° 51' 43".7 X.

Authority for hititude and longitude : Beschreibung uud Lage der

Uuiversitiits Steruwarte in Christiania: ^'erhandlung der funften allge-

meinen Coufereuz der europiiischen Gradmessung, p. 300. Expe^L

chronom. executee en 1811 entre Alton and Greenwich.

Directors : C. Hansteen, 1815

;

C. Fearnley, 1873.

Observer : 11. Geelmuyden.
Watchman: J. Thronden.
Projected in 1815

;
constructed in 1818 ; rebuilt at some distance from

the first structure in 1830.

Instruments :

(a) Meridian circles : one ; makers, Ertel, with objective by Frau-

ENHOFER and Utzsciineider : diameter, 38 inches ; divided to 3',

read by 4 microscopes to 2"
; aperture of objective, 4 inches; magnify-

ing i)ower, 180 diameters.

(&) Portable transit instrument : Pistor & Martins, makers; aper-

ture of objective, 2 inches ;
magnifying power, 80 diameters.

(c) Equatorial by A. & G. Repsold. Diameter of circles, 30 inches,

divided to 3'; read by 2 microscopes to 1"; aperture of objective, 4i

inches; magnifying power, 50-290. Wire micrometer and ring mi-

crometer, (c') Eefractor: Makers, G. Merz & SiJiiNE ;
objective, 7

inches; magnifying power, 80-000; dinmeters of circles 10 and 14 inches;

read by 2 Noniers each to 4^^ and 10". Wire uucrometer.

{(1) Small universal star-spectroscope by ]\[erz, a vision directe.

{(J) Clocl^s: one sidereal : pendulum, by Kessels, 1305; one mean time^

by Urb. Jurgensen og Sonner (for the bitilnr) : one by L. LA:\rTVc.RK

(for the uniflhir) ; F in the magnetic building.

{h) Chronometers : mean time
;
(Box) Kessels, 1259

;
(Pocket) Kks-

SELS, 1280 : one sidereal ; Dent, 2103.

(?•) Unifilar magnetometer, by Meyerstfin; bitilar magnetometer,
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by Meyerstein ;
inclinatometers, by Gaimbey, Baelow, Dover 5 siphon

barometer, by Pistor ; cistern barometer, by Foetin ; thermometers,

pluviameters, &c.

Observations during the past y^ear :

Supplementary observations of zone stars between 64° 50' and 70'^

10' N. declination (for the astronomical society). Eegular time deter-

mination (for the benefit of navigation), sent twice a week to all ]S"or-

wegian ports.

{b) Observations for determination of longitude between Christiania

and Bergen.

(e) Observations on Comet Hartwig (1880 d.). {&) [1879. Observa-

tions for the i^reliminary parallax determination of Argel. Oeltz, 11G77.1

(d) [1873-'74. Drawings and measurements of protuberances.]

(/) Magnetic observations (twice a day). Meterological observations

(fifteen every day).

Additional information :

Six astronomical lectures every week by the director, and 3 to 4 by the

observer.

Observations for the European " Gradmessung " were made for the

determination of azimuth and pole distance, by the director, during

the months of July and August, at a trigonometrical station near

Drontheim.

Churts, England.

Private Observatory.

Longitude from Greenwich,

Latitude, ?

Director: 11. Carrington.

CoiMBRA, Portugal.

Observatorio Magnetico-Meteorologico de la TJniversidade de Coimbra.

Longitude from Greenwich, 33™ 34^5 W.
Latitude, 40° 12' 25".8 X.

Directors: J. Monteiro de EoCHA, 1796j (?)

De Pinheiro, 1820
;

De Souza Pinto, 1855. (?)

Established about 179G. From 1799 to the present time the Astro-

nomical Ephemeris has been published here, which for ten years previous

(since 1789) had been issued at Lisbon.
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C()LL()o^•J:v, Ireland.

Markrce Ohscrratory.

Lougitude from (iicoiiwicli, ?

Latitude, ?

Director: ?

Colombo, Ceylon, Asia.

Private Observa tory.

LoDgitude from Greenwich,

Latitude, "?

Director: Mr. Green.

Copenhagen, Denmarl:

Universitets Asironomisle OhscrL-atorimn.

Lougitude from Greenwich, 50'" 19^2 E.

Latitude, 55° 41' 13".G N.

Director : f

Cordoba, Argentine Rcjmhlic.

Ohservatorio Na^'ional Aryentino.

Longitude from Greenwicli, 4'' IG'" 45M W.
Latitude, 31° 25' 15\4 S.

Director : B. A. Gould, 1870.

Proposed in 18G9; built in 1871 on an eminence southeast of the town,-

a cruciform structure, with four towers at the extremities of the limbs of

the cross. The Uranometria Argentina was constructed here, containing

all the stars, up to those of the seventh nmgnitude, which arc visible

in the southern heavens.

Cork, Ireland.

Observatory of Queen''s College.

Longitude from Greenwich, ?

Latitude, ?

Director : ?

Founded in 1878. Hall for meridian observations. Dome 14| feet

{4'".5) in diameter.
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Cracow, Austria.

Cracoic Observatory.

Longitude from Greenwich, l^^ 19>" 50^5 E.

Latitude, 50° 3' 50" K,

Director : ?

Cronstadt, Russia.

I^ava I Astronom ica I Ohserva tory.

Longitude from Greenwich, ?

Latitude, %

Director : ?

Danzig, rriissia.

8tern warie.

Observatory ofthe /Society of Naturalists (Naturforscliende Gesellscbaft).

Established in 1783.

Longitude from Greenwich, ]'' 14'" 39^3 E.

Latitude, 54o 21' 18" K.

Directors : J. A. KoCH, 1783
;

E. Kayser, 1850. (?)

Derpt (Dorpat), Eussia.

ImperatorsJcaia Astrononiichesl'aia Ohservatoria.

Longitude from Greenwich, 1'' 10"' 53^5 E.

Latitude, 58° 22' 47".4 I^T.

Directors: J. W. A. Pfaff, 1808;

F. G. W. Struve, 1813;

J. H. Madler, 1840;

T. Clausen, 1874;

L. SCHWARZ, 1878.

Founded in 1808, as a dependency of the University. In 18:j5 Fraun-

hofer's equatorial, with an aperture of 9 inches and a focal length

of 13^ feet, moved by clock-work, the largest and most powerful

refractor in the world at that time, was mounted there. With the help

of this instrument the elder Struve accomplished his famous Mensurw

Micrometricw, published in 1837, and continued by his successor.
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DriJLix, InUoul.

1> lot si III: ObsvyraiDiij.

Loiigitnde from (ireciiwicli, i*.")'" 21^ W.
Latitude, 53^23' 13" N.

Authority for latitn(l(> and loiiuitudc: Dr. Ukinnow.
Directors: H. Fssinnj, 1774;

.). Brinkley, 17!>2;

W, E. Hamilton, 1827;

r. BRtJNNOW, 1805

;

Prof. Robert S. Ball, LL.I)., F. li. S,, Astronomer lioyal

of Ireland^ 1875.

Assistant: J. L. E. Dreyer.

Obserratory of Trinity College.

Founded in 1774, by means of the legacy left for the purpose by F.

Andrews; built in the midst of a vast park at Dunsink, 3^ miles (6

kilometers) northwest of Dublin. It was not linished until 1792. A
structure of' three stories, surmounted by a revolving dome.

Instruments :

{a) Meridian circle: makers, Pistor & Martins; diameter of circles,

36 inches; divided to 2'; read by 8 microscopes to 1"; aperture of ob-

jective, G.4 inches; magnifying power ordinarily employed, 1S(> diam-

eters.

{h) Meridian transit instruments: one, made by Bamsden; aperture.

4 inches: not in use. {h') One with reversible circle by Bamsden cS:

Berge ;
object-glass, 3 inches ; diameter of circle, 8 feet ; 3 micrometers:

not in use.

{c) Equatorial _ instruments: one; makers, Cauciioix object-glass,

Grubb mounting; aperture of objective, llf inches; magnifying ])owers

of eye-pieces, 300: is generally used, (c') One of four inches aperture ;

English equatorial by Tulley. (!) Hardly e^•er used.

{d) Spectroscopes: one of Browning's two-prism spectroscopes: and

one of Vogel's small-star spectroscopes.

(/) Chronograph: maker, Grubb; two barrels and controlled clock.

[g) Clocks: one mean time; maker, Booth of Dublin: one sidereal;

maker. Dent, London.

(It) Chronometer : sidereal ; maker, M'Master.

(t) Miscellaneous: The mean-time clock controls by electricity the

clocks in the port and docks board and Trinity College, the distance

being about five miles from Dunsink.

Dunsink Observatory belongs to Trinity College, Dublin. An annual

visitation of the Observatory is held every summer by the board of

Trinity College.

Observations during the past year (1880)

:

The meftdian observations of red stars (commenced by Dr. Cope-
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LAND iii<=1875-187G, and taken up by Mr. Dreyer in September 1878),

were finisbed iu tbe summer 1880, eacb star beiug observed four times

or oftener. The reductions to tbe epocb 1875.0 were nearly finisbed h\

tbe end of tbe year.

Tbe soutb equatorial bas been employed entirely in observations for

annual i^arallax by Dr. Ball. During 1880 a series for Groombridge

1G18 was completed, and from tbe distances of + 50<^, 1724, a parallax of

+ 0". 3196 ± .052 bas been concluded ; for Gr. 1G18 a series for P III

242, recommended by Struve (M.N. vol. xx, p. 8), gives a parallax of

— 0".045 ± 0".070 (M.K, i^ovember, 1880). A series forScbj. 249 {a)

(red stars) bas been completed, but not reduced, and a series for w

Cepbei and £ 2480 bave been commenced. Tbe sweeping observations

described in Dunsink Observations, Part III, bave also been continued.

Work proposed for the coMma year (1881):

Tbe meridian circle is proposed to be employed in a reobservatiou of

ArGtELANDER's soutbern zones, commencing witb tbe zone —15° to

—20'^, and extending jjerbaps a few degrees more soutb if it appears

practicable.

Tbe equatorial is i)ioposed to be employed in a continuation of the

parallax observations, mucb of wbicb work is at present in bands.

Principal publications of the observatory:
EOBERT S. Ball: Elements of Astronomy, London, 1 vol., 459 p.

EOBERT S. Ball : On tbe Parallax of P III 242. M.N., November,

1880.

J. L. E. Dreyer: A record of tbe progress of astronomy during tbe

year 1879. Proceedings of tbe Royal Dublin Society.

Dun Echt, Scotland.

Private Observatory.

Longitude from Greenwicb, d"^ 40^ W.
Latitude, 57° 9' 36" N.

Authority for longitude: Ordnance Survey; for latitude, observa-

tions witb a SiMMS alt-azimutb. Tbe transit circle confirms tbe result

witbin a fraction of a second.

Astronomer : Ralph Coreland. Ph. D.

Assistant : J. G. LoHSE.

Computer : H. J. Carpenter.
General mechanic : T. Kirkwood.
Messenger and meteorology reader : J. McPherson.
Dun Ecbt Observatory, tbe property of tbe Earl of Crawford ami

Balearres (late Lord Lindsay), is on tbe estate of Dun Ecbt, about 13

miles west of Aberdeen.

Height above tbe sea, 464 feet to cistern of standard barometer.
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iNSTRtraiENTS :

(a) Meridian circles: 1. Transit circle by TuorcJUTOX & Simms ; one
movable imcl one lixed circle; diameter :HJ inches divided to 5"; 10
microscopes (carried by 2 Alidade circles, 1 movable and 1 lixed), read-
ing to r'-tenth by estimation; aperture of object-glass 8.59 indies;
61-inch collimators ; 2i-inch axle telescope. 2. Eeversing transit with
V's for meridian and prime vertical, by T. Cooke & Sons; 4 inch

object-glass. 3. Transit instrument by Trougutox & Snnis; 2-5 indi

object glass.

{b) Meridian transit instruments: 1. Alt-azimuth, by Trougiiton &
SIMMS; 12 inch circles, divided to 5' ; 4 microscopes, vertical and hori-

zontal circles reading seconds and tenths by estimation. Horizontal

circle movable. 2. Theodolite by T. Cooke & Soxs. 3. Theodolite by
Aprs.

(c) JEquatorialinstrwnents : One l.j.OO-inch refractor by Grurr. Sev-

eral sets of eye-pieces. Bifllar micrometer. Merz helioscope. Dawes
solar eye-piece, 2, 3, 74 inch tinders. This telescope is controlled ;il)so-

lutely by the sidereal clock. Driving-clock by T. Cooke & Sons, made
to special design. 2. One 12.9-inch reflector 122.5 focus; mirror by

Eev. H. Cooper Key English mounting. 3. One 12:^-inch reflector by

Browning. Solar spectroscope. 4. One 0.06-inch refractor by Si:mms
;

bifilar and double image micrometers, used generally for comet seeking.

5. One 6.04inch refractor by T, Cooke & Sons. Complete. 6. One

4-inch refractor b}^ T. Cooke & Sons; bifllar micrometer. Clock by

EiCHENS. Comi)lete. 7. One 3-inch refractor by T. Cooke & Soxs

;

bifilar micrometer. Complete.

(d) Spectroscopes : Large solar spectroscope with 1 whole and 2 half

Eutherfurd prisms with reversion and heliometer viewing telescope.

Stellar spectroscope modified at Dun Echt (the one most used). Broaatj-

ING 5-prism automatic solar spectroscope and 2 stellar ones; also Yogel

spectroscope by Heustrell, and a variety of direct vision, cpiartz, and

other prisms. Besides the above-mentioned spectroscope there is a

6-prism automatic reversing table instrument by Browning, and a hand

direct vision spectroscope used for Auroras

(e) Photometer: Zollner astro-photometer by Avsfeld of Gotha.

(/) Chronographs: 1. 4-fold barrel-chronograph, each barrel to^run

6 hours, driven by the same clock as the 15.06-inch equatorial. 2. Port-

able fillet chronograph by Sie3IENS.

{(j) CIocl's: 1. Sidereal clock, quicksilver compensation by Frodsiiam.

2. Mean-time clock, quicksilver compensation by Molyneux. 3. Elec-

tric clock, outside dial and time gun.

{h) Chronometers : 1. Kullbercj ;
mean time. 2. Farquhar

;
mean

time 3. J. Walker ;
mean time. 4. Frodsiiam ;

mean tune 8-day.

5. Walker; sidereal (electric contact). 6. Walker; sidereal. 7.

McLennan ; -jV seconds ;
pocket M. T.

(i) Miscellaneous: 1. Metre: A copy of the metre des Conservatoire.
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Froment. 2. Linear dividing engine by Froment. 3. Lineai divid-

ing engine by Elliott Brothers. 4. Photograph measuring machine

by Grubb. 5. Balance by Oertling. 6. Five 2-meter and one IO-

meter bars. Grubb. 7. Two comparator microscopes and long stone

table. 8. 10-inch wheel cutting engine ; Swiss. Jenssen & Hensen.

(j) ]. Sprengel pump C end on and many Geissler tubes. 2. Air-

pump and apparatus.

(A-) Various photographic apparatus.

(Z) A large assortment of electrical and electro-magnetical apijaratus.

One standard and one marine barometer: Negretti & ZtraiBRA. Vari-

ous thermometers. 7-inch spherometer, 1 part = to o o o inch, to oVo o tb by
estimation; 4-inch spherometer; both by Hilger. Arithmometer by
Thomas de Colmar; 6 places. Arithmometer by Thomas de Col-
mar

; 10 places. Foucault siderostat by Eichens; 16-inch inirror (and

a spare one), silver in glass, by A. Martin. Silbermnnn heliostat by
DuBoscQ. Heliostat by Browning. King's barograph and anemo-
graph by Casella. Binocular microscopes by Smith & Becik and
Eoss. Polariscope by Ladd ; 10-inch, 6-inch, and 4-inch induction coils

by Aprs. A large collection of cut crystals ; also diffraction appara-

tus by SciiWERD.

The library is now getting to be very large and fiiirly representative.

It is rich in early editions of astronomical and mathematical writers.

The departments of periodicals and learned societies are good ; the sec-

tions of optics and comets are fine. No opportunity of adding to the

collection is missed. It has been found necessary lately to provide about

500 feet of additional shelving.

Work done during the past year (1880):

The work during 1880 has been chiefly cometary and spectroscopic

observations with the 15-inch refractor and determination of compari-

son stars with the transit circle; Mars was compared with a Orionis

and a Taiiri with the astrophotometer.

Some specimens of glass were tested with a spectrometer made from

an old alt-azimuth instrument.

The greater part of the time has been devoted to the reduction of the

observations connected with Lord Lindsay's Transit of Venus Expedi-

tion. These reductions are now approaching completion.

Work proposed for 1881:

The same class of work is proposed for 1881.

Publications :

No considerable works were published in 1880. Various papers were

communicated to the "Astronomische Nachrichten " ; Monthly Notices

of the "Eoyal Astronomical Society," and "IJrania," besides which 13

special circulars were distributed to all applicants.
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Durham, England.

Observatory.

Longitude from GreenwicL, C" ll)^8 W.
Latitude, 54° 4G' G".2 is^.

Directors: T. Chevallier, 1840;

G. A. GOLDNEK, 1872.

Founded by subscriptiou in 1840. First observations made iu 1842.

DusSELDOiJF, Pnmia.

Sternicarte [formcrhj named Bill).

Longitude from Greenwich, 27'" 5" E.

Latitude, 51° 12' 25" X.

Autliority for latitude and longitude: "Astrouomisclie Naeliricliteu"

G43, and " Berliner Jabrbuch."

Directors: J. F. Benzenber(t, 1800; •

F. BrIJNNOW, 1848;

Egbert Luther, 1855.

Established in 1809, by J. F. Bei^zenberCt, the savant, who in 1844

erected a more complete building at Bilk, 1^ miles (two kilometers)

south of the town. This establishment, liberally endowed by its founder,

became the i)roperty of the town in 1847, and was enlarged by it in 1852.

2vearly twenty of the minor planets have been discovered here.

Instruments :

(a) An old repetition circle of one foot, by the late Baimann, at

Stuttgart, giving 10" of centesimal division.

{b) Meridian transit instrument made by the late Emil Sciiijoedteh,

at Diisseldorf, objective from Munich, focal distance 2 feet, aperture 2

inches, little circle divided in half degrees, with nonius, one minute.

(c) Xew e(iuatorial instrument, made by Charles Bamberg, at Ber-

lin, in use since September, 1877, objective by Dr. Sigmund Mekz, at

Munich, focal distance 7 feet, aperture 7 inches, magnifying powers of

eyepieces 49 to 188. Stars of the 1L5 nmgnitude can be seen with it.

Old reserve tube with horizontal and vertical motion, made by Merz

& Sons, at Munich, 1847, focal distance G feet, aperture 4^^ inches. Stars

of the 11.0 magnitude can be seen with it.

{u) Two old sidereal time clocks made by Utzsciineider & Frau-

enhofer, at Munich.

(/i) One mean-time chronometer by Kessels, at Altona, and a Swiss

watch.

Some small instruments of minor importance.

S. Mis. 31 44
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Observations during the past year (1880)

:

Besides the determination of clock errors there have been made at

this Observatory, during the year 1880, 50 observations of 18 minor

planets, and since 1818, 993 observations of 128 minor planets, published

in the "Astronomische l!^achrichten."

Work proposed for the coming year (1881)

:

It is intended to continue the observations and calculations of jjlanets.

Edinburg, Scotland.

Royal Observatory.

Longitude from Greenwich, 12°^ 43^05 W.
Latitude, 55° 57' 23".2 K
Directors: E. Blair, 1780;

T. Henderson, 1833;

C. P. Smyth, 1816.

The old Observatory, founded by subscription in L776, was not com-

pleted until 1792. No Observations were ever made there. The new
observatory was projected in 1812, and erected on shares in 1818. The
municipality donatid the ground. In 1834, the founders ceded its ad-

ministratiou to the State, and in 1846 made over the ownership. Time
signals have been given there since 1855. Since 1872, the firing of a

cannon has been substituted for the former ball.

Elsfleth, Germany.

Observatorium der Kaviffations'Schule.

Longitude from Greenwich, —
Latitude, ?

Director: C. Behrmann, 1876.

Florence, Italy.

1. Osservatorio Astronomico ; 2. Osservatorio del B. Museo.

Longitude from Greenwich, 45™ 1^5 E.

Latitude, 43° 46' 4".l K.

Directors: F. Fontana, 1774;

I). Di Vecchi, 1807;

Del Bicco, 1815; (?)

G. Inghirami, 1818;

J. L. Pons, 1829;

G. B. Amici, 1831

;

G. B. Donati, 1864;

W. Tempel, 1873.
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The first Obserratory licre was established by the Jesuits at San
Gioranniuo College, later called The Relujioua Schools (Seole Tie). A
second was proposed by the government in 1771 as an annex to the

Museum of Physics and Natural History of the Pitti Palace. It was
built from 1777 to 1784, and afterwards the establishment was trans-

ferred to the hill of Arcetri, where Galileo lived during the latter part

of his life.

Frankfurt a. M., Pnissiia.

Pri va ie Obser va to rij.

Longitude from Greenwich,

Latitude, %

Director : Dr. Epstein.

Geneva, Switserland.

Obser vatoire de Geneve.

Longitude from Greenwich, 24'° 3G«.77 E.

Latitude, 46° 11' 58".8 K.

Directors: J. A. Mellet Favre, 1772

;

M. A. PiCTET TURRETIN, 1790

;

J. F. T. Maurice, 1794

;

P. PiCTET, 1802

;

A. Gautier, 1819;

L. F. Wartmann, 18.32

;

E. Plantamour, 1840.

Founded in 1771, completed in 1773. Octagonal structure built in

great part at the expense of J. A. Mellet, upon a casemate of the Bastion

Saint Antoine. In 1829 the representative council of the canton passed

a resolution for the construction of a new Observatory to be built upon

the same bastion not far from the old edifice. It is composed of a main

building of one story, and of two lateral turrets with hemispheric domes.

Gb^oa,, Italy.

Osservatorio delta B. University.

Longitude from Greenwich,

Latitude, ?

Director: • ?
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Georgetown, British Guiana.

Observatory.

Longitude from Greenwich, ?

Latitude, ?

Director: ?

Glasgow, Scotland.

Observatory.

Longitude from Greenwich, IT"" 10^.6 W.
Latitude, 55° 52' 42".8 N.

Directors : J. P. Nichol, 1840

;

E. Grant, 1860.

Commenced in 1818 at the expense of a society. Permanently or-,

ganized in 1840 with the help of a public subscription, of one subsidy

from the University and another from the State. In 1862 a special hall

was added for an equatorial, which has an aperture of 9 inches: (0°».23.)

GoTHA, Germany.

Sternwarte.

Longitude from Greenwich, 42™ 50^.53 E.

Latitude, 50° 56' 37".5 N.

Directors: F. X. VON Zach, 1787

;

B. A. VON LiNDENAIT, 1808;

J. F. Encke, 1817

;

P. A. Hansen, 1825

;

A. KRtJGER, 1875.

The first Observatory was erected in 1784 on the Seeberg (Lake Mount-

ain) 1^ miles (two kilometers) from the town. One of the first mural cir-

cles constructed to replace quadrants, made by Eajisden, was mounted

here. In 1853 a new Observatory was built in the Jilgerstrasse, not far

from the ducal palace.

GoTTiNGEN, Prussia.

Konigliche Sternwarte.

Longitude from Greenwich, 39°^ 46^.24 E.

Latitude, 51© 3P 47".9 N.

Authority for latitude and longitude: "Berliner Yahrbuch."
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Directors: J. A. Yon Segner, 1735;

J. Tobias IMayer, 1754

;

G. M. LoRNiTZ, 17G2 :

A. G. Kastjner, 1704:

K. F. VON SeYEFER, 1800;

C. F. Gauss, 1807;

Dr. E. F. W. Kltnkereues, 1856.

Assistant: D. Heidorn, calculator.

Founded in 1734, at the same time with the University, and located in

one of the round towers of the ancient fortiticatioii, around which was
built an exterior gallery. In 18U the Observatory was transferred to a

more suitable spot outside the southern gate-way of the town. This new
building is on the plan of a rectangle, with the longer sides facing east

and west. An addition is made by wings to the north, a cupola sur-

mounts the central vestibule, and a terrace encircles the whole struct-

ure. In 1818 the first meridian circle ever made and mounted in Europe

was placed there. The nudvcr was J. G. Repsold.

Instrujvients:

(a) Meridian circles : one made by Repsold, sr., of Hamburg; diame-

ter of circle, 3J feet, divided to 5' ; read by two microscopes to 1" ; aper-

ture of objective 4i inches (114"""); magnifying power ordinarily cm-

ployed, 96 diameters: one made by Reichenbacii, of ;>runich; diame-

ter of circle 3 feet; divided to 3'; read by four microscopes to 0.24";

aperture of objective 4;| inches (109"""); magnifying i)owcr ordinarily

employed, 50 diameters.

(b) Meridian transit instrument: maker, REirnENBAcn, of .Alnnidi;

aperture, 4i inches (116™""); magnifying power, 75 diameters; (//) one

portable, maker, Ertel, of Munich.

(c) Equatorial instrument: maker, FrAUENHOFER, of :\runicli: aper-

ture of objective 2.9 inches (74'""'); magnifying i)Ower of eye-piece, 75.

(c') Five telescopes: makers, 1st, Merz, of Munich; 6 feet long, aper-

ture 5 inches; 2d, Steinheil, of Munich; 5 feet long, aperture 4 inches;

3d, DOLLOND, of Munich; 4 feet long, aperture U inches; 4tli, DoL-

LOND, of Munich; 3 feet long, aperture 3 inches; 5tli, Flossl, of

Vienna; 28 inches long, aperture 2^ inches. Three comet-seekers:

makers, 1st, Merz, of Munich; 6 inches aperture; 2d, ]\rERZ, of Mu-

nich; 3 inches aperture; 3i\, Yoigtlander, of Urunswick; 2^ inches

aperture.

{d) Spectroscope: by Merz, of ]\Iunich.

(/) Chronograph : by Ausfeld, of Gotha.

{(j) Clods: one mean time; maker, Castens; two sidereal: makers,

1st, Hardy, of London; 2d, Shelton.

(h) Chronometers: four mean time; makers, 1st, Bertuoud; 2d, Sack-

mann; 3d and 4th, Knoblich; 5th, Hardy, sixtieth part of a second.

(i) Miscellaneous: heliometer by FRArENHOFER, of Munich
;
theodo-

Utes, one by Reichenbach, two by Meyerstein; sextants by Cary,
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Troughton, Pistor, Steinheil, aud Breithaupt ; two heliotropes

by Meyerstein.

ObSERVATIOTs'S DURINPr THE PAST YEAR:

(6) Observatious on planets and comets.

(c) Observations on comets with the six-foot refractor of Merz.
Principal publication during past year, 1880, 1881. Prof. Dr.

Klinkerfues : Tobias Mayer's grossere Mondkarte, nebst detailzeich-

nuugen, 13 Karten, mit Text.

Greenwich, England.

Royal Observatory.

Longitude from Washington, 5^^ 8"^ 12^09 E.

Latitude, 51o 28' 38".4 I^.

Authority for latitude and longitude : Nautical Almanac, Greenwich

observations 1878.

Directors: J. Flamsteed, 1G75;

E. HALLEY, 1720;

J. Bradley, 1742

;

I^. Bliss, 1762;

N. Maskelyne, 1765;

J. Pond, 1811;

Sir G. B. Airy, K. C. B. (Astronomer Eoyal), 1835.

Chief assistant : W. H. M. Christie.

First-class assistants: Edwin Dunkin;
G. S. Criswick.

Second-class assistants : A. M. W. Downing;
E. W. Maunder;
W. G. Thackeray;
And one vacancy.

Founded by royal statute on the 4th May, 1675. Built in the park at

Greenwich by Christopher Wren, architect. At first it consisted

merely of an octagonal tower. In 1860 Flamsteed put up an addi-

tional wing to accommodate the mural sector, with the help of which he

made his catalogue of stars. The board of visitors was created in 1710.

In 1749 and the years immediately following great improvements

and additions were made. The sector used by Bradley in discovering

the phenomenon of aberration was transferred to Greenwich, and Bird
supplied a mural quadrant with a radius of 7 feet lOi inches (2™.4),

besides remodeling the one made by Graham. A statute of 1765 con-

firmed the right of supervision vested in the Eoyal Society and exer-

cised by the board of visitors. In 1770 two revolving domes were con-

structed upon the turrets, and these have served as models for all

revolving turrets since constructed. In 1772 the first achromatic

object-glass ever used at Greenwich was attached to the south quad-

rant. It had an aperture of 2§ inches {6S millimeters). In 1779 the
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expediency of eiilargino- the meridian openings was acknowli'ilg,.,!

;

liitherto the apertnie had only been inches (()'" 15-).

At the beginning of the present century it became necessary to re-

bnihl the Observatory, and the work, continuing until ISll. e(»nsisted in

the construction of two rectangular buildings, the eastern one being tiie

Observatory proper and containing halls for the meridian instruments,

the library, and oflice, while the western structure was intended Ibi- the

dwelling-house of the superintendent. It was in one of these new hulls

that the first model of a mural circle, 5 feet (1"' .5) in diametei, eou-

structed by E. Trougiiton, was placed in 1812.

The present organization of Greenwich Observatory dates from a royal

statute of 1830. xVccording to the terms of this statute the board of

visitors consists of the members of the Royal Society, the meud^ers of

the Astronomical Society, and the Oxford and Cambridge i)rofessors of

astronomy. In 1844 the first altazimuth was set up. It was designed

by Airy, and made by Ransome & Mekz and TKOUGnxox & Simms,

being intended for lunar observations.

As a finishing touch, the immense dome to the southeast was built in

1859 for the reception of the equatorial of W. Simms, with an object-

glass, by G. Merz, having a focal length of 34 feet 5 inches (10'" .5);

now used for spectroscopic work.

The observations made annually at Greenwich have been pultlished

regularly since 1705, In the first volume of this publication we lind the

first notice of the illumination of the reticulation in a meridian instru-

ment by means of the axis of the spy-glass.

Instruments :

(«) Meridian circle: one; makers, Ranso:\ies & :\Iav (engineers),

Troughton & SIMMS (opticians) ; diameter of circle, 7i' inches
;
divided

to 5' ; read by six microscopes to 0".0G ;
four supplementary microscopes

for determination of division errors and occasional use: aperture of

objective, 8.1 inches; for observations of the sun, aperture eiuployed,

8.1; magnifying power ordinarily employed, 105 diameters.

{b') Alt-akmutU : makers, 1Unsomes& May and ^^^ Simms : ai)erture.,

4 inches. Magnifying power, 100; diameter of circles, 3 feet, divided

to 5'.

(c) Equatorial instruments: makers, IUnsomes & Snois (engnieers)

Troughton & Simms (opticians), Merz (objective) ;
aperture of object-

ive, 12.8 inches; magnifying power of eye-pieces, 00 to 1500. (c') Shcap-

slianVs equatorial : makers, T. Grubb, Cauchoix, (objective)
;
aperture

of objective, 0^ inches. Naylor equatorial: maker, T. Cooke, ol \ork;

aperture, G inches. ShucUuryh equatorial : maker, Kamsden ;
upertuiv,

4.1 inches. ^\
t-

Ul) Spectroscopes : half-prism spectroscope; maker, Uilger. Direct

vision : one, two, or three compound " half j.risms" with dispersions (A

to H) of about 18AO, 83°, and 335^. Single-prism stereoscope: ^hikers,

Troughton & Simms; one flint prism.
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(e) Photometer : Airy's double-image micrometer ; makers, Trough-
ton & SIMMS.

(/) Chronograph : maliers, E. Dent & Co.

(g) Clocks: one mean time; makers, Shepherd & Son: one sidereal;

makers, E. Dent & Co., Hardy, Arnold, Graham.
(h) Chronometers : mean time ; makers, various. There are always on

hand a large number rated for the navy ; some of these are used when
necessary for the Observatory. Sidereal ; none of accurate character.

(i) Miscellaneous : Photoheliograph ; maker, Dall]MEYER ; aperture of

objective, 4 inches. Several portable telescopes ; aperture, 4 inches to

2f inches. Five other 6-inch equatorials (packed in cases) returned

from Transit of Venus Expedition, 1874. Five 3-inch j^ortable transits

by SiMMS ; one 14-iuch alt-azimuth by Simms ; three 14-inch altitude

instruments by Simms ; four i^hotoheliographs by Dallmeyer (all re-

turned from the Transit of Venus Expeditions, 1874).

Observations during the past year and work proposed
FOR the coming YEAR (1881) :

On all the points mentioned here very full information will be found

in the " Introduction to the Greenwich Observations" and in the "As-

tronomer Eoyal's Eeport to the Board of Visitors ".

Principal publications of the Observatory' during the
YEAR 1880

:

The following are included in volume of Greenwich observations and
also imblished separately : Greenwich observations for 1878, published

in London (H. M. Stationery office), 884 pages; Astronomical results;

Spectroscopic and photographic results ; Magnetical and meteorological

results ; Introduction to Greenwich observations ; Rates of chronome-

ters on trial for jjurchase, 1879 ; Report of Astronomer Royal to board

of visitors, 7 June, 1879 ; Spectroscopic and photographic results, 1879.

Halifax, England.

Bermerside Ohscrvafory, Slircoat.

Longitude from Greenwich, ~

Latitude, —
Director: —

?

Hamburg, Germany.

Sternwarte.

Longitude from Greenwich, 39™ 53«.7 E.

Latitude, 53^ 33' 1" K
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Directors: Moser, 1823;

K. L. C. RtJMKER, 18;50;

Dr. Georg F. W. Kumkkr, ISg;;.

Secretary: Dr. Carl Sciirader.

Built by J. G. Repsold, in 1810, uimii a location near tlic Altoua

gate; destroyed by tbe French in 1813; rebuilt in 1825, through a leg-

acy left by Grell, upon the site of the old ramparts, and still in the

neighborhood of the Altona gate. It has a central hall for meridian

instruments, and two ^Yings surmounted by turrets. The east wing is

used for a school of navigation.

HelsijS'GFORS, Eiissia.

Magnetnaia e Meteorologiclieslcaia Ohsercatoria.

Longitude from Greenwich, 1'' 39'" lOMG E.

Latitude, 60° 9' 43".3 N.

Directors : F. W. A. Argelander, 1829

;

G. LUNDAHL, 1841

;

F. Waldstedt, 1852

;

A'. Kruger, 1852.

Founded in 1829, near the University, after the fire at Abo had de-

stroyed the scientific instruments of that Finnish town. It was at Ilel-

singfors that Argelander completed and published his famous cata-

logue of the proper motions of the stars. This Observatory is the most

northerly in the world (latitude 00° 9').

Ipswich, England.

Orwell Parle Observatory.

Longitude from Greenwich,

Latitude, ?

Director: ?

Jena, Saxe- Weimar.

Stermcartc.

Longitude from Greenwich, ?

Latitude, ?

Directors: J. F. Posselt, 1820
;

L. SCHRON, 1852

;

E. Abbe, 1878.
.

Built in 1820 in the same garden where Schiller wrote ^\ allenstem.
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Kalocsa, Sungary.

Kalocsa Observatory.

LoDgitude from Greenwich, ?

Latitude, ?

Director

:

?

Karlsruhe, Baden.

Stermcarte.

Lougitude from Greenwich, ?

Latitude, ?

Director: W. Valentiner.
Transferred from Mannheim in 1879.

Kasan, Biissia.

Ohservatoria. ,

Longitude from Greenwich, 3^ 16°^ 28».9 E.

Latitude, 55° 47' 24" .2 N.

Directors : J. J. -Littrow, 1814

;

J. M. SiMONOFF, 1816
;

M. LiAPUTsOW (or Lepounoff), 1846

;

M. KowALSKi, 1854.

Founded in 1814 by the University. Constructed upon a very solid,

ancient structure ; square tower, 23 feet (seven meters) in height. The

southern gallery adjoins a wooden shed at its west angle, which has a

movable roof. The<t»uilding, with a portion of the instruments, was

burned on the.pccasion of a fire which destroyed part of the town on the

5th September, 1842. Immediately restored.

Kew, J^hgland.

Kew Observatory.

Longitude from Greenwich, 1™ 15M W.
Latitude, 51° 28' 6" X.

Director

:

?
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KnARKOFF, liussia. (Cliarkow.)

Observatoria.

Longitude from Grceuwicb, 2"' 24'" 54^7 E.

Latitude, 50° 0' 10".2 is^.

Director: J. Fedorenko.
Keceutly established.

Kiel, Frufisia.

Konhjlklie Sfermcarfe.

Longitude from Greenwich, 40'" 35MG E.

Latitude, o4o 20' 29".7 K
Directors: C. A. F. Peters, 1873;

' Frof. Dr. A. Krueger, 1880.

Founded in 1873 by the transfer of the Observatory from Altona.

(See Altona.)

Kiew, Russio..

Ohservatoria.

Longitude from Greenwich, 2'' 2"^ 0\G4 E.

Latitude, 50° 27' 11".IN.
Directors : Feadorow, 1838

;

A. ScniDLOFFSKY, 1855;

M. K. Landricoff, 1872.

Established in 1838 as an annex to the University,

Kilmarnock, Scotland.

Observatory.

Longitude from Greenwich,

Latitude, ?

Director

:

?

Kjobenuavn, Denmark. (Copenhagen.)

Universitets Astronom islcc Obser ra tori u

m

.

Longitude from Greenwich, oO-" 19«.2 E.

Latitude, 55° 4i' 13".G ^\

Directors: C. LUMRORa (Latin, Lonoomontanus), lOo.
j

T. Bartholin, 1047

;

O. Eoemer, IC8I5
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Peter I. Horrebow, 1714;

C. Horrebow, 1753;

T. Bugge, 1777;

h. c. schubiacher, 1815;

Von Caroc, 1822

;

0. r. R. Olutsen, 1832

;

H. d'Arrest, 1856;

T.*K Thiele, 1876.

Assistants: SCHJELLERtTR

;

Pechule.
Founded in 1637, but only completed in 1656. The first edifice was

destroyed by fire the 20tli of October, 1728. The Observatory was re-

established in the round tower belonging to the University. In 1820

a wooden addition was made to it on the Holken bastion. Finally, in

1857, it was reorganized and removed to the glacis of the fortress be

tween the citadel and the Osterthor (eastern gate).

KoNiGSBERG, Prussia.

Universitiits Sternwarte.

Longitude from Greenwich, 1'' 21'" 58^91 E.

Latitude, 54° 42' 50".6 N.

Directors: Z. W. Bessel, 1811;

A. L. BUSCH, 1849;

M. L. G. WICH3IANN, 1866
;

Prof. E. Luther, 1860.

Constructed in 1811 on one of the most elevated points of the ram-

parts to the northwest of the town. A main building divided into two

great halls—a northern and a southern. Two wings—one the meridian

hall, the other an addition. With the use of a meridian circle, made by
Eeichenbach and Ertel, 0" 97 in diameter, Bessel and his assistants

accomplished the work known as the "Konigsberg Zoues," giving the

exact positions of 62,000 stars between the parallels of— 15° and + 45^.

This great undertaking was begun 19th August, 1821, and finished

January 21, 1833.

Krakau, Austria. (Cracow.)

K. K. Sternicarte.

Longitude from Greenwich, P' 19°^ 50^5 E.

Latitude, 50° 3' 50" N.

Directors: J. J. vON Littrow, 1807;

J. Leski, 1811

;

M. Weisse, 1825;

Prof. Dr. Francis M. Karlinsky, 1864.
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Assistants : Dr. Daniel AVierzbicki
;

John Ealskl
Established iu 1807 as an annex to the rnivcrsity. Turned into a

powder magazine by the French in 1S09. Set up onee more on -i spot
a little to the north of the lirst buildina-.

Kremsmunster, Anstria.

Steniicarte.

Longitude from Greenwich, 50'" 32\ 2 E.

Latitude, 48° 3' 23". 7 X.

Directors : A. Desing, 1748

;

P. FiXLMILLNER, 1701
;

T. Derfflingek, 1791

;

B. Schm^arzenbrunner, 1824

;

M. Roller, 1830;

A. Eeslhuber, 1847;

Gr. Stresser, 1875.

Founded in the convent of the Benedictines in 1748; built in the con-

vent garden at the northern extremity of the buildings. The Observa-

tory^ consists of a 'massive tower, eight stories higli. with two wings of

five stories.

Kronshtadt, Bussia. (Cronstadt.)

^lorslaia Astrotioin ichc.skaid Oh.scrratoria.

Longitude from Greenwich, ?

Latitude, "i

Directors: Y.Yvss, ISiO',

A. F. Grigorieff.

Assistant: P. S. Shubin.

Observatory of the school of pilots. Founded about 1840.

Leipzig, iSaxony.

TJniversitats Stern icarte.

Longitude from Greenwich, 49-" 34^ 02 E.

Latitude, 51° 20' G". 3 In".

Directors: C. F. RIJdiger, 1794;

K. B. MOLLIVERDE, 1811

J

A. F. MOEBIUS, 1810;

G. A. Jahn, 1845;

C. C. Bruhns, 1800.

Constructed, from 1787 to 1794, upon the great tower of the castle of

Pleissenburg. A new Observatory, situated at the extreme end of one

of the suburbs, took tlie pla<;e of the old one in 1801.
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Lemberg, Austria.

Observatory of the University

Leyden, Holland.

Bijl'S Observatorium.

Longitude from Greenwich, 17™ 56^35 E.

Latitude, 52o 9' 20" N.

Directors: J. GoLius, 1632;

S. 0. Kechel, 16G7;

C. Melder, 1GG8;

B. DE YoLDER, 1682;

L. ZUMBACH DE KOESFELD, 1705;

W. J. s'Grayesrude, 1717
;

J. LuLOFS, 1742

;

D. VAN DE WlJNPRESSE, 1768;

p. NiEUWLAND, 1794;

J. A. Fas, 1797;

J. F. Van Beek-Calkoen, 1799

;

C. E. Kama, 1812
;

F. Kaiser, 1837

;

H. G. VAN DE Lande Bakhuijzen, 1872.

Founded in 1632. The most ancient of existing Observatories in

. Europe. Originally built, as a great tower for the town clock, 1636.

Enlarged in 1689. Eepaired in 1817. In 1858 a new Observatory was

commenced, and completed in 1860.

Leyton, Essex, England.

Barclay Observatory.

Longitude from Greenwich, 0^87 W.
Xatitude, 51° 34' 34".

Authority for latitude and longitude. Ordnance Survey.

Director : Charles George Talmage, F. E. A. S.

Instruments :

(ft) Meridian circles : makers, Houghton and Sejims ; diameter of cir-

cles, 36 inches, divided to 5'; read by 4 microscopes to 0". 1; aperture

of objective, 4 inches ; for observations of the sun aperture employed, 4

incbes; magnifying power ordinarily employed, 80 diameters.

(c) Equatorial instrument: maker, Cooke, York; aperture of objec-

tive, 10 inches ; magnifying power of eye-pieces, 70 to 1200.

{g) Clock: sidereal; maker, Simmonds, London.
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Observations during the past year (1880)

:

(a) Cloch stars.

{c\ Measures of binary stars, comets, eclipses, occultations, and satel-

lite phenomena.

Work proposed for the coming- year (1881):

Satellites of Saturn, binary stars, comets, and occultations.

Principal publications of tue Observatory during the
year 1878

:

C, G. Talmage, Leyton Astronomical Observations, vol. 1, London,

127 pp.

Additional information :

The Observatory is provided with double and ring microm-

eters, "with an extra 3-inch telescope, and a small transit instrument.

Lisbon, Portugal.

Observatorio Astronomico da Tapada de Alcantara.

Longitude from Greenwich, 3G™ 44^08 ^Y.

Latitude, 38^ 42' 31".3 N.

Directors: G. B. Carbone, 1722;

M. DO Espirito-Santo Limpo, 17—;

P. J. M. CiERRA, 180G

;

M. V. DO CONTO, 1823
;

F. DA SiLVEIRA, ;

T. A. DoM, 1876.

Established at the Jesuits' College, 1722 ; adopted by the state in

1758. A new Observatory was built in 1857.

Lisbon, Portugal

Observatorio Astronomico na Escola Pohjtecnica.

Longitude from Greenwich, ?

Latitude, ^

Director :

For the instruction of students only.

Lisbon, Portugal.

Observatorio de Marinha.

Longitude from Greenwich, 36"^ 25* W.

Latitude, 38o 42' 17".6 K.

Director: Francisco de Paula Ferreira de Mesquita.

Established in 1798.
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Liverpool, England.

Observatory.

Longitude from Greenwich, 12™ 17^2 W.
Latitude, 53° 24' 4" N.

Director : J. Haetnup, 1845.

Founded in 1838 by the municipal council ; completed in 1848. Trans-

ferred to Birkenhead, on the opposite bank of the Mersey, in 1867. It is

provided with an apartment for the examination of chronometers, where

the temperature can be raised by means of a gas heater. TJie equato-

rial is moved by clock-work, set in motion by hydraulic power. The
time-signal is given to the shipi)ing by firing a cannon.

London, England.

Private Observatory.

Longitude from Greenwich, ?

Latitude, ?

Director : Mr. George Bishop. (Now discontinued.)

London, England.

Tulse Hill Observatory [ Upper Tulse Hill, London, S. W.].

Longitude from Greenwich, 27*^.7 W.
Latitude, 51° 26' 47" K
Director: ?

Founded, 1856. Altitude, 170 feet above level of the sea.

Instruments :

An equatorial instrument by Grubb, of Dublin, so constructed that

either a refractor of 15 inches aperture and 15 feet focal length, or a

Cassegrain reflector with metallic speculum of 18 inches aperture may
be placed at i^leasure on the same equatorial mounting, so that with

either instrument the circles read sufiiciently for the finding of objects.

The driving-clock has, in addition to the usual governor balls, a second-

ary control of a pendulum in electrical connection with a standard

clock.

Up to 1870, when the present equatorial was erected, a transit circle

of 34 inches aperture w^as mounted in the Observatory. At that time

the principal instrument the Observatory contained was an 8-inch re-

fractor by Alvan Clark, mounted equatorially by Cooke, of York.

There is a fine sidereal clock by Arnold, and various spectroscopes

for use with the telescopes on the sun and stars; and there has been
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recently added a .spectrosco])0 witli Iceland spar])risin hihI (piartz lenses

for photograijby of spectra of stars.

Underneath the Observatory are two rooms, oiio devoted to chemistry

and photography, the other to ])hysieal experiiiients in coimectitm with

spectrum analysis.

Work in 1S80:

Contiunation and comi)letion of a series of ])hotographs of spectra of

various stars. liesearches in connet^tion with these spectra.

(See Philosophical Trai:saetions of Eoyal Society of London, 1880,

Part I, p. GG9.)

LtJBECK, Germany.

Sternicarte.

Longitude from Greenwich, 42'" 45^55 E.

Latitude,

Director

:

Latitude, 53--^ 51' 31".2 N

Lund, Sweden.

Lund Observatory.

Longitude fi'om Greenwich, 52'" 45^02 E.

Latitude, 55° 41' 52".05 IS.

Authority for latitude and longitude: ITudersokning af Meridian

cirkeln pii Lunds Observatorium jemte bestamming af dentammas

folhojd af And. Lindstedt. Bestimmung der Laugen-Difiereuz

zwischen Berlin nnd Lund, auf telegraphischem Wege ausgetiihrt iin

Jahre 18G8. Uerausgegebeu von C. Bruhns.

Directors :

A. Lidtgreen, 1786;

-,1815;

J. M. xlGARDT, 1847

;

Axel Moller, jjro/mor of astronomy.

Assistants: N. C. Duner, observer;

F. Enghtrom, eand. pliil.

Founded as a dependency of the University about 1 7(](). Keorganized

in 180(5.

Instruments: • tt i ^

(a) Meridian circle: oue; makers, A. & G. Bepsold, m Hamburg;

diameter of circles, 31) inches (1 meter); divided to 2'; read by 4 micro-

scopes to 0.1"; aperture of objective, U inches (l.i3".".); magndnng

Dower ordinarilv employed, 173 diameters.
"^

(0) E,uatori.;linsL^ents: makers, G. & S. Mi..z, m Muiuc. a.n^.

JuNaER,in Copenhagen; aperture of objective, Di n.ches (24o' ),
mag-

S. Mis. 31 45
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nifying powers of eye-pieces, 80 to 1,300 diameters, {a') Makers, A.

Steinheil, in Munich, and E. Junger, in Copenhagen ; aperture of ob-

jective, 44 inches (108™™); magnifying powers of eye-pieces, 16 to 200

diameters.

{d) Universal spectroscope by G. & S. Merz, in Munich, with 3 sets of

l)risms a vision directe. {d') Simple spectroscope by Heustreu, in Kiel,

constructed after the indication of Professor Vogel, in Potsdam.

(f) Chronograph: one by Mayer & Wolf, in Vienna.

{g) Clocks: sidereal time; one, maker, Kessels, in Altona: one,

maker, Tiede, in Berlin.

(li) Chronometer : mean time; maker, Kessels, in Altona.-

(i) One universal instrument by Repsold, in Hamburg; 3 telescopes

by DoLLOND, Merz, and Plossl.

Observations during the past year (1880)

(o) 11,859 positions of stars in the zone 34° 50' to 40^ 10' of north

declination.

(c) (c') Measures of double stars; observations of comets; observa-

tions of variable stars.

{i) [d') Spectroscopical researches on red stars.

Work proposed for the coming year (1881):

The same as in 1880.

Principal publications of the Observatory during the year.
xVxEL MoLLER : Ephemcridc fiir Fayes Comet, published in the Ber-

liner Jahrbuch, 1882.

Axel Moller : Ephemeride fiir Pandora, published in the Berliner

Jahrbuch, 1882.

N. C. DuNER: Ephemeride fiir Panopela, published in the Berliner

Jahrbuch, 1882.

Lyon, France.

Astronomical and Meteorological Observatory.

Longitude from Greenwich, ?

Latitude, ?

Director : C. Andre, 1877

;

M. Andr:^
;

Assistant : M. Gonnessiat.

There was an Observatory in existence in the eighteenth century at

the Jesuit College, where Fathers Bonnet, B:erauld, Lef^^vre, and

Lapon made observations. The new Observatory was founded in 1877.

Instruments:

(«) Meridian circle: maker, Eichens; diameter of circles, 23J inches

(0™.fiO), divided to 5'; read by 4 microscopes to 0".l; aperture of object-

ive, 6 inches; for observations of the sun, aperture employed, C inches

;

magnif;^dng x)ower ordinarily employed, 300 diameters.
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(&) Meridian framitwsfnment: maker, Rigaiit; nporturo 2 inches-
magnifying power, 150 diameters.

' '

(g) Clods: two sidereal; makers, Bregtjet & R^diee Paris
{h) Chronometers: mean time; makers I'>keguet, Paris- sidereal-

maker, Breguet, Paris. ' '

Work proposed for the coming year (1881)

:

The meridian circle is to l)e einj^loyed for zone observations.

Madras, India.

Madras Observatory.

Longitude from Greenwich, 5^^ 20"' 58^,4 E.

Latitude, 13° 4' 8".l N".

Directors : J. Goldingham, 1787.

Warren (intermediate), 1805;

J. Goldingham, 1811;

S. G. Taylor, 1830

;

W. S. Jacob, 1848
;

Worster (intermediate), 1854
j

W. S. Jacob, 1855;

J. F. Tennent, 1800:

N. E. PoGSON,18G0.

Founded in 1787 by the East Lidia Company.

Madrid, Simin.

Obscrvatorio de Madrid.

Longitude from Greenwich, 14'" 45^4 W.
Latitude, 40o 24' 30".X.

Directors: J. Oaronado, 1790;

J. EODRIOUEZ, 1817;

Bavia, 1821

;

D. FontAN, 1835;

Palo Maruz, 1850;

A. AguilaR, 18G0;

Established at Buen Retiro in 1790. When the French occupied

Madrid in 3808, they set up a battery at that place and the instruments

were destroyed by a fire. The Observatory then abandoned was not

restored until 1S4C. In 1852 the grounds were enlarged, and a pavilion

with a revolving turret was erected.
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Manila, Philippine Islands.

Observatorio del Ateneo Municipal.

Longitude from Greenwich, ?

Latitude, 14P 35' S.

Directors: J. Yernacai, 1804;

P. F. Faura, (?).

Temporary installation in 1804. The institution became permanent

about 1824.

Mannheim, Baden.

Grosslierzogliche Sternwarte.

Longitude from Greenwich, 35™ 50^.52 E.

Latitude, 49° 29' 11" N.

Directors: CMAUGEU,n()4:;

K. J.KONIG, 1783;

J. K Fischer, 1786;

P. Ungeschick, 1788;

E. Barry, 1788;

H. C. Schumacher, 1813;

F. B. G. NicoLAi,
;

A. M.Nelle, 1852;

E. SCHONFELD, 1859;

W. Valentiner, 1875.

First established in the Electoral Castle of Schroetzingen, 6^ miles

(ten kilometers) fi'om Mannheim, and in 1772 removed to the west of the

town, where it was located in a tower 105 feet (32 meters) in diameter,

with remarkably thick walls. In operation from 1794 to 1801. Trans-

ferred recently to Karlsruhe. ( See Karlsruhe.)

Marburg, Germany.

Sternwarte.

Longitude from Greenwich, 35"" 5^ E.

Latitude, 50° 48' 46".9 if.

Director

:

?

Marseille, France.

Ohservatoire.

Longitude from Greenwich, 21'" 34^64 E.

Latitude, 43° 18' 19".l IS".

Directors : A. F. Laval, 1702;
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E. Perenas, 1728

;

G. Saint Jacques de Silvabelle, 1764;

J. J. C. Shiilis, 1793

;

BlANPAISE, 181 1

;

J. F. A. Gampart, 1822;

B. Yalz, 1835;

E. Stephan, 1808.

The Society of Jesus bad an Observatory at their College of Sainte

Croix, foimded 1702, In 1749 this scientific institution was taken in

hand by the Ministry of Marine. It is a three-story building, longest

from east to west, erected on the summit of the Butte des Moulins. In

1797 this Observatory was repaired. A new establishment was erected

in 1869 on the hill of Longchamps, to supplement the work at the Paris

Observatory. The instruments are distributed in separate apartments.

Melbourne, Victoria.

MeJbo u rnc Obser ra tory.

Longitude from Greenwich 9'' 39'" 54«.8 E.

LatiUide, 37° 49' 53".3 S.

Director : R. L. J. Ellery, F. E. S., F. K. A. S.

Proposed first in 1853, and established, to begin with, at Williamstown

Transferred to Melbourne in 1861. Building completed in 1863. In

1870 there was mounted, in a building set apart for the purpose, Grubb's

great Cassegrain Eeflector, with a focal length of 28 feet (8'".54), and an

aperture of 4 feet (1°^.22).

Mendon {Paris), France.

Ohservatoire.

Longitude from Greenwich, ?

Latitude, ?

Director : J. Janssen, 1875.

Observatory of Physical Astronomy in the park at Mendon. Instru-

ments monnted in temporary buildings in 1875. There are photographs

of the sun taken regularly at this place.

Mexico, Mexico.

Observatory.

Longitude from Greenwich, 6" 36- 20^67 W.

Latitude, 19° 26' 1".3 N.

Director: F. Jimenez.

Founded in 1877 at 19^ 20' north latitude.
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MiLANO, Italy.

B. Osservatorio Astronomico di Brera

Longitude from Greenwicli 3G™ 45« .97 E.

Latitude 45° 27' 59" .2 :N'.

Directors : L. Lagrange, 1763

;

P. Eeggio, 1777

;

B. OriAni, 1804

;

F. Carliki, 1833

;

G. V. SCHIAPARELLI, 1862.

In 1760 a telescope of 33 feet (10 meters) focal distance was mounted iu

the College of the Brera by P. Bovio and D. Gerra. The Observatory

proper was founded in 1763. In the beginning it consisted of an octag-

onal structure to which, in 1775, two side towers were added. This Ob-

servatory has published its Ephemeris for one hundred years, 1775 to

1874.

MoDENA, Italy.

Osservatorio.

Longitude from Greenwich 43"^ 42^8 E.

Latitude, 44° 38' 52".8 N.

Director

:

^-

1

MONTCAEIERI, Italy.

Osservatorio del B. Collegio G. Alberto.

Longitude from Greenwich, ?

Latitude, ?

Director : f

MoNTSOURis [Paris), France.

Observatoire de Montsouris.

Longitude from Greenwich, 9™ 20^68 E.

Latitude, 48° 49' 18" :N'.

Directors : E. Mouchez, 1875.

Dr. Marie 1)avt.

Assistant : Alfred de Vaulabelle.
Founded in 1875 as an Observatory for students by the Department

of the Marine, in the southwest corner of the Park of Montsouris at

the southern extremity of Paris.
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Moscow, RusHia.

Observatory of the Imperial University.

Longitude from Green^rich, 2^' 30"^ 1G«.9 E.

Latitude, 550 45/ 10".8 X.

Authority for latitude and longitude: Nautical Almanac.

Directors : Krassit.USKOW, 1750

;

0. F. GoldbaCH, 1804;

Fischer, ISOl

;

D. Perevotschikoff, 1824;

A. Draschnosoff, IS—;

K. S. Schweizer, 1850

;

Prof. Dr. Theodore Beedichin, 187G.

Assistants: W. Ceraski;

A. Belopolsky;

A. SOCALOFF.

Founded in 1753 as an annex to the University. A new building was

put up in 1804 in Bielogorod.

Instruments: v <-.^

(a) Meridian circle: one; maker, Repsold, in Hamburg
;
diameter

ofcircle, 36 inches; divided to 2'; read by 4 microscopes to 0.1
;
aper-

ture of objective, 5.3 inches; magnifying power rvdinardy enployed,

""I^ZZ'ial instru^nent: maker, Merz, in MuniC; a,^tn. of
j.>

jective, 10.7 inches ; magnifying power of eye-pieces, 100 to 1-00. (c
)

Photoheliograph of Dalmayer, in London.

"^n^eJl spectroscope of Merz, in Munich; dnect vision ..th

10 prisms and micrometer.

(e) One photometer of Zollner.

( f\ rhronoaranh : of Siemens and Halske.
(/) i^Monoijiapii. ^

,v«.,c TT-17-nF Htzschneider: sidereal,

{(J)
Clocl-s : mean time, two : maheis, Tiede, U Tzsouixi'

two; makes, KESSELS, TOLSTOI.

[h) Chronometers: mean time, two, make., yn.^

. makers, Dent, Kessels.
instruments, theodolites, ui.i-

(i) Bliscelkmeous : transportable tiansit instiumti ,

versal instruments, &c.
^^ Decend.er,

Observations durino iHe pasi ^i^ak
^

1880):

(d) Sun and comets.

(e) Photometrical observations of «tars.
-gniversit>-.

i The practical instructiou ot the student. ^^ ^^e U

WORK proposed -- -;;,X^eS^:i!:rS^tlie gravity at

The same as in the year IbbO and ^^"^'^'^
^ , xJepsold.

Moscow with the reversion pendulum constnn.tcd b>
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Principal publications of the Observatory during the
TEARS 1874-1880:

Piofessor Bredichin, "Annales de I'Observatoire de Moscow," vols.

I, II (parts 1 aud 2), III (parts 1 and 2), IV (parts 1 and 2), V (parts 1

and 2), VI (parts 1 and 2), VII (part 1).

Additional information :

The clock-work of the equatorial is out of use, and generally the means
of the Observatory for scientific works and for their publications are

very insufficient.

!

MiJNCHEN, Bavaria.

KoniglicJie Sternwarte.

Longitude from Greenwich, 4G°i 26M3 E.

Latitude, 48° 8' 45".5 :N".

Directors : K. F. von Seyffer, 1809

;

J. VON SOLDNER, 1823;

J. VON Ltvmont, 1834 (1).

Founded in 1809, on the hill of Bogenhausen, near Munich. A main

building of one story, facing east and west; two wings extend toward

the north. An edifice designed for the purpose was put uj) in the gar-

den for a great refractor, by the aid of which Lamont made his observa-

tions of the satellites of Saturn and of the nebulae.

MuNica, Bavaria.

See Milnclien.

MtJNSTER, Prussia.

Sternwarte.

Longitude from Greenwich, ?

Latitude, ?

Director: E. Heis, 1852.

Founded in 1852, in the neighborhood of the Academy (High School).

It was here that Heis pursued his extended researches into the nature

of shooting stars, the zodiacal light, and uranometry.

Naples, Daly.

See ^apoli.
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Napolt, Itnhj.

R. Osservatorio, Capo di Monte.

Longitude from Greenwich, 57'" 0^9 E.

Latitude, 40^ 51' 45".4 X.

Directors: G. Casella, 1701;

F. M. DA Prado, 1808;

F. TUCCARI, 1812;

C. Br,ioschi, 1818;

E. Capocci, 1833

;

Del Re, 1849;

A. DE Gasparis, 1864.

Proposed in 1788. The l)uilding,s begun at the northeast corner of

the Palace of the Library (Palazzo della BibHoteca) and Koyal Mnseum
(Museo Reale) were left incomplete in 1790. In 1809 one of the towers

of the old Convent of San Gandisso was appropriated to this object.

In 1812 was laid the first stone of a new Observatory on the hill of

Miradois, at the point called Capo di Monte. The instruments were

mounted in 1819. Seven asteroids have been discovered at this Observa-

tory.

Neuchatel, Switzerland.

Ohservatoire CantonaJe.

Longitude from Greenwich, 27™ 50«.2 E.

Latitude, 46° 59' 51" :N.

Director : A HiRSCH, 1858.

Founded in 1857. A rectangular structure of 88i feet by 20.^ feet

(27 by 8 meters), and lOi feet (0 meters) in height; a tower with a re-

volving turret.

;Hicolaiev, Ettssia.

NicoJoecsl-aia Ohservatoria.

Longitude from Greenwich, 2'' 7'" 54M E.

Latitude, 40° 58' 20".0 X.

Authority for latitude and longitude: for latitude, K. Knorre, "As-

tron.Xaclir.,"vii,2Gl; for longitude, telegraphic determination of 1877,

not yet published.

Directors: K. F. Knorre, 1821

;

J. KORTAZZI, 18—.

Founded in 1821; completed in 1820.
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InSTRUjMENTS :

(a) Meridian circle: maker, Ertel, in Munich; diameter of circle, 38

inches 5 divided to 3' ; read by four microscopes to 1" ; aperture of ob-

jective, 4.2 inches; magnifving power ordinarily employed, 100 diame-

ters.

(c) Equatorial instrument: makers, Eepsold & Sons, in Hamburg;
aperture of objective, 9J inches; magnifying powers of eye-pieces, 100,

150, 330, 476, 666.

(/) Chronograph : one of Herbst, in Pulkowa.

{g) ClocJcs: one mean time; maker, Kessels, is^o. 1282: one sidereal;

makers, Bareaud, IS'o. 769, and Hohvin, 1^0. 24.

(/;) Chronometers : uiean time, 89, of different makers: sidereal, 3, of

different makers.

(*) Miscellaneous: one transportable transit instrument of Herbst,
in Pulkowa, for the determination of time in the vertical of Polaris;

aperture, 2.7 inches; magnifying power, 100.

(Zr) One transportable verticle circle, 11 inches; aperture, 1.9 inches;

circle divided to 4'; read by 2 microscopes to 2".

Observations during the past year:
(c) Comets, Schaberle, Hartwig, Faye ; Jupiter's satellites and spots.

{i) Determinations of clock corrections for the investigation of the

rates of the naval chronometers. Determination of the coefficients of

compensation of the chronometers.

Principal publications of the Observatory during the
YEAR 1880

:

T. KORTAZZI : Beobachtungen des Comet 1880 C, published in the

"Astronomische Nachrichten," vol. 97, p. 335.

T. KoRTAZZi: Sur les taches de Jupiter, published in the "Bulletin

de I'Acad^mie Imxieriale de St.-Petersboiu'g."

T. KoRTAZzi: Tables of W. Thomson for the facilitation of Sumner's

method at sea, edited in an altered form (Russian).

Nottingham, England.

Alexandria Parle Observatory.

Longitude from Greenwich, ?

Latitude, ?

Director: !

Odessa, Russia.

Sternwarte.

Longitude from Greenwich, 2^^ 3™ 2^3 E.

Latitude, 40o 28' 30" K.

Director: '}
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Open, .1 mtria-Ihnuiury.

(Budapcsth) Stern icarte.

Longitude from Greenwich, i

Latitude, 1

Directors: J. Pasgnicii, 1804;

P. TiTTEL, 1824;

,1831;

L. Mayer, 18G0 (?).

Founded upon the "Blocksbero" in 1803.

0-Gyalla, Rimgary.

AstroPhysilcalisches Ohservatorium.

Longitude from Greenwich, 1'^ 12"^ 4o*.59 E.

Latitude, 47° 52' 43".4 N.

Director : ?

Olmutz, Austria.

Stcriuvarte.

Longitude from Greenwich, Ih 9'" 2^ .G E.

Latitude, 49° 35' 43" N.

Director

:

"?

OxTORD, England.

Oxford Unkersity Observatory.

Longitude from Greenwich, 5'" 0^ .4 W.

Latitude, 51° 45' 34".2 N.

Director : O. Pritchakd, 1873.

Founded in 1873.

Oxford, England.

Eaddiffe Observatory.

Longitude from Greenwich, 5'" 2«.G W.

Latitude, 51° 45' 36" N.

Directors: T. Hornsby, 1771;

A. EoBERTSoy, 1810;



71f) REPORTS OF ASTRONOMICAL OBSERVATORIES.

S. P. EiGAUD, 1827; »

M. J. Johnson, 1839;

E. Main, I860;

E. J. Stone, 1878.

Founded in 1772, with tlie help of a legacy from Eadcliffe. The
ground was donated by the Duke of Marlborough. Time has been

noted by means of a chronograph since 1858.

Padova, Italy.

Osservatorio Astronomico delV Universita.

Longitude from Greenwich, 47°^ 29M3 E.

Latitude, 45° 24' 2".5 K.

Directors: G. Toaldo, 1761;

V. Ohiminello, 1797;

G. Santini, 1813;

G. LORENZONI, 1877.

Founded in 1761 by the Venetian senate, and accommodated in a

massive tower built in the thirteenth century by the tyrant Ezzelino

for a state prison.

Padua, Italy.

See Padova.

Palermo, Italy.

B. Osservatorio.

Longitude from Greenwich, 53™ 25* E.

Latitude, 38° 6' 44" N.

Directors : G. PiAzzi, 1787;

N. Cacciatore, 1817

;

G. Cacciatore, 1842;

D.Eagona, 1858;

G. Cacciatore, 1860.

Proposed in 1786. Established in the Saint Ninfa tower of the Eoyal
Palace, the ancient residence of the Emirs during the Arabian domin-

ion. The first complete vertical circle made by Eamsden, and finished

in 1789, was mounted in this Observatory. PiAzzi used it from 1792 to

1813, for the observations which served him as a basis for his famous
catalogue. Ceres was discovered at Palermo on the first day of the

nineteenth century.



REPORTS OF ASTRONOMICAL OBSERVATORIES. 717

Paramatta, Neic South Wales.

Paramatta Obm-vatorij. (See Sydney.)

Longitude from Greenwieli, 10'' i"' G«.2 E.
Latitude, 3oO 48' 49".8 N.

Director: ?

Paris, France.

Ohservatoire Kationale.

Longitude from Greenwich, 9™ 2ls.02 E.

Latitude, 48° 50' 11".8 i^.

Directors : J. D. Cassini, 1<»71;

J. Cassini, 1712;

C. F. Cassini (de Thury), 175f)j

J. D. Cassini (de Thury), 1784;

J. J. L. DE La Lande, 1795;

P. Mechrin, 1801

;

A. Brunard, 1804;

D. F. J. Arago, 1811;

U. J. J. Le Verrier, 1853;

C. E. Delaunay, 1871;

U. J. J. Le Verrier, 1872;

E. MoucHEZ, 1878.

National Observatory (formei'ly Eoyal, since Imperial) built in 1GG7

under the auspices of the Academy of Sciences, according to plans of

C. Perrault. a vast central haU; two towers, east and west. In

1732, a small room to accommodate a mural quadrant was added beyond

the eastern tower, and in 1742 this was extended by a second enclosure

for a moveable quadrant. In 1700 a turret with a revohing roof was

built to the south of this addition. The main building having become

dilapidated was restored in 1780—completed 1793—since when it has

been detached and the south terrace built. In 1832 the snuill room^

where observations are taken Avere repaired, and the ami)hitheater

and a rotunda with a revolving roof built upon the principal terrace.

The dome intended for the shelter of the great equatorial was placed

on the summit of the building in 1850. The great telescope with a mir-

ror of silvered glass—4 feet (1™.2) in diameter—was mounted in 187G, iu

a building on the grouud-Hoor level. Joun Dominic Cassini discov-

ered four of the sateUites of Saturu at the Paris Observatory, and also

first investigated the subject of tlie Zodiacal Light, and here, too, the

great grandson of this astronomer was the first to follow the variations
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of the maguetic needle with minute and persevering industry ; and

it was here that Arago and Mathieu demonstrated the extremely

small x)arallax of the stars.

A large number of astronomical manuscripts, containing matter of

great interest, are preserved at the Paris Observatory.

Parma, Italy.

ji. Osservatorio Astronomico.

Longitude from Greenwich, ?

Latitude, ?

Director: ?

Parsonstown, Ireland.

Lord Bosse''s Observatory.

See Birr Castle.

PolA, Austria.

Haval Observatory.

Longitude from Greenwich, 55°^ 23M8 E.

Latitude, 44o 51' 49" ^^.

Director : J. Palisa, 1872.

Founded in 1872. More than a dozen minor planets have been dis-

covered here.

Port Louis, Mauritius.

Observatory.

Longitude from Greenwich, ?

Latitude, 1

Director: ?

Potsdam, Prussia.

Astro-Physilxalisches Institut.

Longitude from Greenwich, 52"^ 17^ E
Latitude, 52° 22' 56" N.

Director

:

?

Observers : Sporer, Vogel, and Lohse.

Built upon a hill adjoining the Park at Potsdam. Opened in 187(

under the auspices of the Astronomische Gesellschaft.
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PouLKovo, Russia.

Nicolacvsl-aici Glavnaia Observatoria.

Longitude, from Greeiiwieli, !*•• 1"' LS^GT E.

Latitnde, 59° 40' 18". 7 IS".

Directors: F. W. G. VON Struve, 1834;

O. VON Struve, 1804.

Foimded in 1834. Three principal halls on the gronnd floor, the east-

ern one being- used for the meridian circle, the western one for the merid-

ian telescope, and the southern one oc('ni)ietl by the prime vertical.

Three revolving domes, the central and largest containing ^Iekz and
Mahler's Eefractor, which has a focus of 23J feet (7'".1) and an aper-

ture of 15J inches (0™.40). A very ricli astronomi(;al library. The most

elaborate and minute researches on the minor corrections of spherical

astronomy, notably the corrections of aberration of nutation and pre-

cession, have been made chiefly at this Observatory.

Prague, Austria.

K. K. Unirersitats Stermvarfe.

Longitude from Greenwich, 57™ 41^4 E.

Latitude, 5(P 5' 18".8 N.

Authority for latitude and longitude: Al. David and J. BoHM.

Directors: J. Steppling, 1751;

A. Struadt, 1781;

A.David, 1799;

A. BiTTNER, 1830;

K. Kreil, 1845;

C. Jelinek, 1851;

J. G. BoHM, 1855;

Dr. C. HoRNSTEiN, Professor of Astronomy, 1872 (?)

Assistants : Dr. A. Seidler
;

Dr. G. Becka ;

Dr. W. BosiCKY.

Tycho Brahe had some astronomical instruments temporarily

mounted at Prague (1000-1601). The Observatory, properly so called,

was not erected until 1751, in the Altstadt quarter, at the Collegmm

Clemeutinium, under the direction of the Jesuits.

Instruments:

ia) Meridian circle: one; maker, Chr. Staimce (Mechamc=d work-

shop of the I. E. Polytechnic Institute in Vienna); diameter of mx^e,

30 inches; divided to 3'; read by 4 nonins to 2"; aperture of objective,

4 inches.
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(h) Meridian transit instruments: maker, Chr. Starke; aperture, 4

inches: {h') maker, Schrotter; aperture of objective, 3 inches.

(c) Equatorial instruments: makers, C. A. Steinheil's Sons, in

Munich; aperture of objective, 6 inches; magnifying l^owers of eye-

pieces, 56, 84, 252, 420, 672, [c') makers, Utzschneider & Fraun-
HOFER, Munich ; aperture of objective, 3 inches.

(d) Spectroscopes : one; G. & S, Merz, Munich; one small star spec-

troscope; makers, G. & S. Merz, Munich.

(/) Chronograph: one; Dr. M. Hipps, Neuchatel, maker.

{g) Clods: meantime; makers, Lepaute, Paris; sidereal; makers,

J. BozEK, Prague.

{h) Chronometer: mean time; maker, Barraud.
(i) Miscellaneous: one sextant; maker, Tycho Brahe; one octant;

maker, Tycho Brahe; one large (Hohen Kreis), by Troughton, in

London.

Observations during- the past year (1880):

No astronomical observations were made during the year.

Work proposed for the coming year (1881):

It will be impossible to make astronomical observations during- the

coming year.

Principal publications of the Observatory during the
YEAR 1880:

Magnetische und Meteorologische Beobachtungen im Jahre 1879,

40ter Jahrgang, 4to, (vol. xviii of series).

Additional information:
The two meridian instruments («) and {h) have not been used for half

a century, for want of a suitable meridian room, and have been stored

away in boxes.

The two equatorial instruments, (c) and (c'), though mounted, are not

being used for observation purposes, owing to the absence of a movable
cupola, but are employed in the lectures on i)ractical astronomy.

No astronomical observations whatever can be made in the present

condition of the old Observatory.

PuLKOWA, Russia.

See Poulkovo.

Quebec, Canada.

Observatory.

Longitude from Greenwich, 4^^ 44"> 49^3 W.
Latitude, 46° 48' 17".3 K
Director : E. D. Ashe, 1803.

Built in 1863 on Bonner's Hill, near Quebec.
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Quito, Ecuador.

Ohsermtorio del CoJegio Nacional.

Longitude from Greenwicli, ?

Latitude, 1

Director: J. B. Menton, 1874.

Founded in 1874.

Eio DE Janeiro, Brazil

Nautical Observatory.

Longitude from Greenwich, 2'' 52'" 41M1 W.
Latitude, 22° 54' 23".8 S.

Directors : A. M. de MelLvS, 1850

;

E. LiAis, 1871.

Founded in 1780, Eestored in 1871.

EoMA, Italy.

B. Osservatorio Astronomico del Collegio Romano.

Longitude from Greeuwicli, 49°^ 54^7 E.

Latitude, 41° 53' 53". 7 N.

Directors : G. Asclepi, 1704

;

G. Calandeelli, 1773;

S. DUMONCHEL, 1824;

F. DE ViCO, 1838;

A. Lecchi, 1849;

G. S. Ferrari, 1878;

P. Tacchini, 1879.

Before the establishment of a regular Observatorj^ a succession of

astronomers, more or less famous, made use of temporary accommoda-

tions. In the buildings of the old college Clavius made observations

with a zenithal sector in 1572, and following years. Sciieinee (•(>!-

lected the materials for his famous Rosa Ursina, the printing of wliich

was completed in 1030 at the new college, west of the Church of St.

Ignatius. There, too, Gottignier and BorCtONDIo made occasional

observations. Maire observed the comet of 1844 at tlic English Col-

lege. BoscoviCH fixed himself in the principal liall (»f the Kircher

Museum. Finally, Asclepi organized a ])ermanc]it establishment in

1704; and in 1787 a square tower was built to accommodate the Ob-

servatory at the eastern angle of the CoUege facade on via del Gesii.

A new building was put up in 1853, having for substructure the enor-

mous piles which had been intended to support the dome ot the Church

of St. Ignatius.

S. Mis. 31 40
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EOMA, Italy.

Observatory of the Capitol.

Longitude from Greenwich, ?

Latitude, *?

Directors: G. CalANDRELLI, 1824;

A. CONTI, 1827;

I. Calandrelli, 1841;

L. Eespeghi, 1866.

Establislied in 1824 upon the east tower of the Capitol, which is built

above the ancient Forum.

EuGBY, England.

Observatory of Rugby School.

Longitude from Greenwich, ?

Latitude, ?

Directors : J. M. Wilson, 1872

G. M.

Founded in 1872.

G. M. Seabroke, 1878.

EuGBY, England.

Temple Observatory.

Longitude from Greenwich, ?

Latitude, %

Director : J. M. Wilson.

San Fernando, Spain.

Instituto y Observatorio de Marina de San Fernando.

Longitude from Greenwich, 24™ 49^.6 W.
Latitude, 36° 27' 41".5 ]S\

Directors : E. Armesto, 1797

;

J. O. Canelas, 1798;

J. T. Cerquero, 1825;

S. MONTOJO, 1851;

F. DE p. Marquez, 1855;

C. PujAzoN, 1866.

An Observatory had been first established at Cadiz in 1753, upon an

ancient Eoman tower, but was soon abandoned, observations being

made there only from 1773 to 1776, by Tofino and Varela. The new

Observatory was built at San Fernando in 1797. This is the most

southerly astronomical establishment in Europe. (Latitude^Se^ 28'.)
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Santiago, Chile.

Observatorio Nacional. .

Longitude from Greeuwicli, 4^' 42'" 42^4 W.
Latitude, 33° 26' 42'' S.

Directors : E. G. ^[aesta, 1852

;

J. I. Vergara, 1861.

Proposed in 1852. The iiistrunionts and hnildiufis wliicli had hoon

used for the temporary Kaval 01)scrvatory of the United tStates at Hanta

Lucia, under Lieutenant Gilliss, were purcliased as a beginning, and

in 185C tlie construction of a permanent Observatory was undertaken,

consiwStiug simply of a one-story edifice and central dome. -The equip-

ment has been added to gradually since 1859.

St. Petersburg, Russia.

Observatoria Al-ademii ^^auJ:. {Ohscrratorij of the Academy of Sciences.)

Longitude from Greenwich, 2'' !" 13^5 E.

Latitude, 59° 50' 29".7 K
Directors: J. X. De L'Isle, 1747;

P. Inschodzow, 1768
j

E. Barry, 1794;

Y. WiSNICROSKY, 1811;

A. Sawitsch, 1856.

Founded in 1747.

ScnwERiN, Germany.

Siernicarte.

Longitude from Greenwich, 45'" 40«.7 E.

Latitude, 53° 37' 38".2 X.

Dir£ctor: 'I

Senftenberg, Germany.

Stermcarte.

Longitude from Greenwich, 1'^ 5» 50^6 E.

Latitude, 50° 5' lO'M is\

Director: -^
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Speyee, Bavaria

Stermcarte des Koniglicheii Lyceum*

Longitude from Greeuwicli, 33"' 45^6 E.

Latitude, 49° IS' 55".4 K.

(No longer iu operation.)

Stockholm, Sweden.

Observatory.

Longitude from Greenwich, 1^ 12°^ 14^ E,

Latitude 59^ 20' 33" N.

Directors : P. V. Wargentin, 1750
j

H. IsiCANDEE, 1776;

J. SOANBERG, 1803

;

S. A. Cronstrand, 1828;

Is^. H. Lelandee, 1858
;

Hugo Gylden, 1871.

Assistants : Aroid Lindhagen
;

Freyold Eaistcken.

Founded iu 1750. Here Warge]s:tin made that long series of obser-

vations on Jupiter's satellites which resulted in the first reliable tables

of eclipses of these satellites.

IlS^STRUMENTS :

{(() Meridian circle : makers, Ertel & Son ; diameter of circle, 18

inches ; divided to 3'
',
read by 4 microscopes to 1" ; aperture of object-

ive, 4i inches (0.107 meters) ; magnif;^iug power ordinarily employed,

124 diameters.

(b) Meridian transit instrume^it : maker, A. Eepsold; aperture, 2^
inches.

(c) Equatorial instrument : maker, A. Eepsoldj aperture of objective,

7 inches ; magnifying powers of eye-pieces, 114, 150, 190, 302, 600.

(/) Chronographs ; two.

(g)ClocTcs: meantime; makers, Molyneux & Cope ; sidereal^ makers,

Kessels, Sweder.
(/() Chronometer: meantime; makers. Dent, Linderoth.
The following is a translation of portions of a report made by Mr.

Hugo Gylden in the "Vierteljahrsschriftder Astronomischen Gesell-

schaft," 15ter Jahrgang, 2ter Heft

:

Mention has been made in former reports of two extensive series of

observations for the purpose of, firstly, to redetermine all the bright
stars between 45° N. declination and the North Pole, which are accessi-

ble to our instruments ; and, secondly, to furnish a contribution to the
knowledge of the mean distances of stars.
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This redetermination ^vill result in tlio formation of a oataloirne of
1,210 stars, in which tlie positions will bo laid down with a ])n)bal>lr

error of about ^ second in each <'o-ordinate (the rectasccnsion i>robabl\
more accurate). Most of the required observations were made l».v :\li'.

LiNDHAGEN, and the series is nearly (;omi)lete. The second series,

unfortunately, will have to be delayed, owinji" to necessary repairs of
the meridian circle, which exhibits traces of old aue. - - -

From the results obtained by comparison in diiVercnt ])ositions, tlic

the probable error of a single declination detenaination is estimated as
0".5 to 0".G, which may be still reduced.

Up to the present time the polar distances have been computed tem-
porarily from observatioiLS of the Nautical Almanac stars, with a])plica-

tionof the declination estimated in the fundamental cataloune for zone
observations in the IST. sky. Predominating, though not exclusive, use
having been made of extreme northern stars, it is ])resiunabh' that the

unknown inclination of the instrument has excited quile an intluence on
the results obtained. It is, however, evident from the coincidence of the

polar positions obtained in both situations of the objective and o<adar

that the inclination coefticient, which appears as multi))lied by the sine

of the zenith distance, cannot be very large. - - -

The second series is intended to furnish a contribution to the knowl-

edge of the mean distances of the stars. ^Mention of this work has been

made in former reports, and an account of the progress made <huing

the past year is here presented.

Of the stars previously mentioned as to be observed for parallax, two

have been omitted, namely, « Aurigiie, and '!/ Persei; the former on ac-

count of the diiierence of brilliancy between the principal star and a

comparison star, the latter on account of the ditierence of declination

of the comparison stars. These were substituted by a Corona", and

£ IJrsiB Majoris. In consequence of the brilliancy of the former the

observations will be rather diflicult an<l jirobably somewhat incorrect.

I propose, however, to continue them for some time yet, in order to test

whether the parallax may be conlined to satisfactory limits by a nudti-

plicatiou of the observations. The same is the case with o. Persei and

p Andromedre, notwithstanding their insufticient accuracy.

In observing : Ursa Majoris use could bemadeof only one comparison

star; a second one, at lir'st designed to be included, i)ro\ing too indis-

tinct. The former, however, is in every respect satisfactory. This star

moves on the same parallel with the i)riiicii)al star and oOi seconds

ahead, and its magnitude, according to Argelander, is S.O, The consid-

erable brilliancy of this star admits of its observation even during un-

favorable state' of the atmosphere, and it has not l)een neglected not-

withstanding the sometimes very unsatislactory imi)ression obtaiiicd.

It is therebv intended to arrive at another result in addition to the « e-

terminatiou of the parallax, namely, the collecting of material tor the

estimation of the relative accuracy which may be expected at the contact

of the cross-wire and right-ascension ditrerences during a lavorabh^ or

unfavorable condition of the atmospiiere. Although the results obtained,

until now, in reference thereto are not by any means conclusive, thej

are regarded as worth communicating.
. , , ^

As the results of observations are computed, with but few exceptions,

from four transits, the probable error ±0M)17 is to be expec ed In

close conformity there is deduced from the 10 observations ot =
Lrsa tx-

'^^i^l^S^S'otX ^^tory. Even if the probable

eri or of a rIsuK ofob^^^^^^^^^ were ± 0^020, 30 or 40 nights adequatel v
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distributed would be sufficient to determine the parallax of a star -with

a probable error of about ± 0".035. If we coufine ourselves to the obser-
vatiou of such stars, the star of comparison of which is neither too feeble
or too distant, the observations may be made very rapidly without
fatiguing the eye, so that a considerable number of stars can be compared
in one night. There are several hundred pairs of stars in the heavens
a\'ailable for the purpose, and it does not seem therefore at all imprac-
ticable for several observers to take up the matter of settling upon a
direct determination of the parallax of stars of the sixth magnitude, in
which the probable error would amount to oidy about ± O^'-OOS. The
medium parallax of these stars is, according to Peters, O-^.O^T, but prob-
ably is only one-half of this. Both magnitudes, as also their difference,

are so much above the probable errors that it is to be hoped that con-
jectures on this imiiortaut point will, at no distant time, be no, longer
necessary.

Stonyhukst College (near Whalley), England.

StonyJiurst College Ohserratory.

Longitude from Greenwich, 9'-" 52^G8 W.
Latitude, 53° 50' 40" N.

Authority for latitude and longitude: Nautical Almanac.

Directors: A. Weld, 1838

5

Eev. S. J. Perry, S. J., F. E. S.

Assistants: M. M. W. Carlisle
5

W. McKeon;
J. Eoonsy;
J. CULLEN.

Location : Four miles W. of Whalley, Lancashire, England. Height

above sea, 381 feet. Built in 1838 in the park of the Jesuit College.

IlSfSTRUIVIENTS:

(a) Meridian circle: by Jones, 2 feet 6 inches; divided to 5'; micro-

scopes reading to 1"
; aperture of object glass, 3 inches

5
power generally

used, 56.

{b) Transit Instrument: aperture of object glass, 2 inches |; power

generally used, 42 ; by Cary.
(c) Uquatorial instrutnents : one by Napier, Curry, Troughton «&

SIMMS ; aperture, 8 inches; powers from 30 to GOO or 700: one by

Jones; aperture, 4 inches, (c) A Cassegrain reflector; aperture 9|

inches; two, Newtonian; aperture, 7 inches.

{d) Spectroscopes : an automatic instrument by Browning, 6 prisms of

00°, each used twice, with an half prism, making largest dispersion = 36

prisms of 60"^. A large star sj)ectroscope by Simms, 4 compound prisms

by Hoffman. A large direct vision spectroscope by Browning. Two
smaller instruments by Browning.

(/) Chronograph: small one by.Breguet.

{g) Clocks ; two sidereal, mercurial pendulums.
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{h) Chronometer : Frodsham, jSTo. 3148.

(i) 3fisceUanmus : A couplo of self-roeor(lingmeteoroloj,Mcal and ina^'^

netical iustruinents are iu oonstaut use.

Observations of 1880:

Jupiter's satellites, luuar occultatioiis, daily examination of chroino-

sphere and solar spots, systematic search for ultra-Xeptnniau planet.

Work for 1881:

Continuation of the same observations.

Principal publications in 1880:

Eesults of Meteorological and Magnetical Observations, 1870.

Astronomical results appear in the monthly notices of 11. A. S.

Meteorological results published by the Board of Trade.

Strassburg, Germany.

Stermcarte.

Longitude from Greenwich, SI-" 2^49 E.
y

Latitude, 4SO 34' 53-.8 X J
^/ ^^" ^^'^ Obsen-atory.

Longitude from Greenwich, 31™ 4^05 E.
|

Latitude, 480 31' 59".7 S. i
^^""' ^''"- '^^'"""""'J-

Director : A. Winnecke, 1875.

About 1770 some astronomical instruments were placed above the

gate of the hospital. In 1804 J. Henry established a small Observatory

in the Munster (Cathedral), and observations were made there in 1824.

A ref'ular Observatory was not established by the city until 1830, and

thenit was placed under the charge of Lequiante, but almost imme-

diately abandoned. In 1873 a new Observatory was erected without the

town, in connection with the University. Its general plan is a (puid-

rilateral.

Sydney, New South Wales.

Government Observatory.

Longitude from Greenwich, 10" 4'" 50«.0 E.

Latitude, 33o 51' 41".l S.

Directors: W. Scott, 1856;

G. E. Smalley, 18G2;

H. C. Eussell, 1870.

Proposed in 1855, completed in 1858. Its first i-^^;"»^f«' ^"l^: '^^

from the private Observatory which Brisbane had establ.slu.l at I aia-

matta, were those by means of which Dlnlap had made h.s «•- =>logucs

of doilble stars and of Southern Nebuhe. Jhis establishn.ent o.ns a

refractor with an aperture of 11 inches (0'". 28).
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Tashkent, Eussia.

{TurJcestan Military District.)

Observatoria.

Longitude from Greenwicb, !

Latitude, !

Director

:

1

ToKio, Japan.

Observatory of the Dai-Gak^.

Longitude from Greenwich, %

Latitude, %

Director : Prof. H. M. Paul.

Torino, Italy.

Regio Qsservatorio dell Universita.

Longitude from Greenwich, 30™ 48®.4 E.

Latitude, 45° 4' &' IsT.

Directors: G. B. Beccaria, 1759;

T. Valpergadi Caluso, 1782j

A. M. Vassali Eandi, 1806
j

J. Plana, 1811;

A. DoRNA, 1865.

Established in 1759 in the top of a tower at the corner of Piazza

Castello. The Academy of Sciences undertook its direction in 1790,

and had a new Observatory built in the Palace of the Academy. In

1820 the establishment was transferred to a terrace of the Palazzo

Madama. In 1865 the Observatory became an appendage of the Uni-

versity.

Toulouse, France.

Observatoire.

Longitude from Greenwich, 5™ 51M E.

Latitude, 43° 36' 47" Is^.

Directors: F. P. A. De Garipuy, 1775;

A. Darquier de Pellepoix, 1782;

J. ViDAL, 1791;

Marque Victor, 1820;

F. Petit, 1839;

F. TiSSERAND, 18G6;

B. Baillaud, ]879.

In 1748 Darquier began to make observations at Toulouse. The
Observatory was established in 1775 at the Lyceum. A new structure

was built in 1840 at the extremity of the city.
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Trevandrum, India.

Trcrandrum Ohscrratory,

Long^itiifle from Greenwich, i

Latitude, f

Director : ?

Trieste, Atistria.

^tcrmcarte.

Longitude from Greenwich, ?

Latitude, ?

Directors: F. Schaitb, 1857;

A. KuNES, 1870.

Turin, Italy.

See Torino.

TuRNBEiDGE Wei,ls, England.

Croicborougli Beacon Observatory.

Longitude from Greenwich,

Latitude, ?

Director : — ?

TWICKENHAM!, England.

Twiclcenliam Observatory.

Longitude from Greenwich, 1™ 13M W.
Latitude, 51° 27' 4".2 N.

Director : ?

Upsala, Siceden.

Observatory of the University.

Longitude from Greenwich, 1" lO'" 30«.6 E.

Latitude, 59° 51' 31".5 I^.

Directors: A. Celsius, 1730;

F. Maltet, 1757

;

E. Prosperin, 1773;



730 REPOETS OF ASTRONOMICAL OBSEEVATOEIES.

Dr. Melanderhjelm, 1796;

Bergsteom, 1810;

N. H. Lelandee, 1852;

g. swanbeeg-, 1858;

Heeman Schultz, 1864.

Founded in 1730.

The director has furnished the following particulars from his report

for 1878-1879

:

The most noteworthy occurrence during the past year is the setting
apart, as an independent establishment, of the meteorological Observa-
tory. This new arrangement, made practicable by a government appro-
priation for the current expenses, is as yet in so far incomplete as in

absence of an independent building for meteorological purposes the
institute occupies two rooms in the astronomic building. - - -

The requirements of the Observatory have been constantly increasing
and are now imperative as regards instruments, repairs, and proper
arrangements, if any kind of activity is expected. The present means
are quite insufficient to satisfy the most urgent needs of the establish-
ment.
The only room of observation in a satisfactory condition is the small

Wackerbarth ca])ola, which was repaired last summer, while the meri-
dian room and the large cupola require considerable repairs and im-
provements. - - -

The small collection of instruments of this Observatory, apart from
quite antique instruments, consists of the following:
One parallactic refractor, made by Steinheil, 9 inches ax)erture,

the principal instrument of the Observatory, the application of which,
however, on account of insufficient mounting, is impracticable and lim-

ited. It has been employed mainly for observation of nebulae and star
clusters. A concise description of this instrument was given in the
"Mikrometrisk Bestamning af 104 Stjerner inom Teleskopiska Stjern-

grni)per 20 Vulpecuhie."
One small parallactic refractor of 4 inches aperture, made by Sims,

in good condition, and presented to the Observatory some years ago by
Prof. Wackeebaeth.
One old universal instrument of 45 millimeters aperture, by Eepsold,

the circles of which, however, are useless for x^ractical measurements

;

it has been employed for many years for time determinations in the
meridian.
One universal instrument 33 millimeters aperture, by Meteestein.
One small transit instrument 54 millimeters aperture, by Steinheil,

the application ofwhich is excellent, but which, on account of insufficient

mounting, and too small meridian aperture (the telescope is affixed to
the end of the axis of rotation), has thus far not found any i^roper aijpli-

cation.

A small reflex circle by Pistoe, in satisfactory condition.
Four portable telescopes.
One old j)endulum clock, by Geaham, reconstructed by Kessels,

about forty years ago.
Two old box chronometers, by Kessels.
One portable barometer, by Pistoe.
The only instrument purchased during the ])ast year is an inexpensive

pendulum clock for exxjeriments with electrical apparatus, though order
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was given for a registering apparatus for transit observation, and for
three electrical clock attacbnients, to be employed in the small isolated
pavilion.

In the total absence of an instrument for measurinu- /.enidi distances,
preliminary conununication has been lield with the "eelebiated lirm of
ilEPSOLD SOHNE, in Ilaniburg, for the i)rei)aration of a medium sized
vertical circle. Further projeiits for the equipment of the Observatory
have to be delayed for the present.

The Wackerbarth reflector and the Repsold universal instruments
have undergone repairs, and results in tlio improvement ot the latter
for transit observation. The Stetniikil transit instrument is at i)resent
in the hands of Mr. Rose, maker to the University, for repair, having iu
view its application in the vertical of the Role star.

The library ot the Observatory originated by private donations, has
received its principal increase in voluntary contributions by scientists

and institutions abroad. It consists of four distinct gr()ui)s :" the li.iOR-

TER and Mallet donation, the CoUectio Recentior and the Svanberg
collections. The catalogue shows for these four the following ligures,

respectively: 1150, 880, 300, and 1200, of which, however, numy, such as
journals, annuals, epheraerides, &c., consist of a large number of vol-

umes. On occasion of the emancipation of the meteorology, the works
relating to this branch were set apart for that institute. 1'lie increase

during the past year amounted to 00 contributions, of which 70 came from
abroad ; sixty -books were bound.
In consequence of the circumstances referred to, little scientitie work

has been done during the past year. The director has contiiuunl his obser-

vations on nebuhie, while the assistant made time determinations. Tlie

director's time has been largely consumed in perfecting arrangements for

instruction. Very desirable text-books have been published at govern-

ment expense, and preparations made to facilitate astronomical instruc-

tion for the students, among which is the cstablislnnent of a work-room,

iu which opportunity is given to the students to acquaint themselves

between the observations with recent astronomical literature and jour-

nals.

Eight students have practiced during the year, and many have at-

tended the astrououdcal lectures.

Utrecht, Holland,

Observatorium.

Longitude from Greenwich, 20- 31«.7 E.

Latitude, 52^ 5' 10".5 K.

Directors : J. F. Heunert, 17G7

;

G. Mall, 1812

;

R. VAN Rees, 1836

;

M. HoEK, 1860

;

J. A. 0. OUDEMANS, 1874.

Founded in 1767. Remodeled in 1864. This Observatory possesses

an altazimuth.
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Valencia, Ireland.

Observatory of the London Meteorological Office.

Longitude from Greenwich ?

Latitude ?

Director

:

?

Varshava Russia.

Astronomicheskaia Observatoria.

Longitude from Greenwich, 1'^ 24'^ 7^.4 E.

Latitude, 52° 13' 5".7 K
Directors : Arminski, 1820

;

J. D. Baranowaki, 1848

;

J. Wastokoff, 1877.

In 1764 EosTAN made observations at the Castle. From 1765 to 1768

K. Wolf made observations at the Bhie Palace on the Mniczek. The
Observatory was not established i^ermaneiitly until 1820, and the ex-

penses of construction were met by Straszie, president of the Univer-

sity. It contains a hall for meridian instrujnents, and two towers with

cupolas.

Venice, Itali/.

Observatory of the Naval Institute.

Longitude from Greenwich, 49™ 25^.4 E.

Latitude, 45° 25' 49".5 N.

Directors: B, von WtJLLERSTORF-URBAiR, 1840

J

E. MiLLOSEVICH, 1874.

Established about 1840.

Vienna, Austria.

See Wien.

ViLNA, Russia.

Astronomicheskaia Observatoria,

Longitude from Greenwich, 1^' 41™ 11^9 E.

Latitude, 54° 41™ N.

Authority for latitude and longitude: Slavinski: "Astronomische

Nachrichten," vol. v, and viii.

Directors : M. O. Poczobut, 1764;

J. B. VON Sniadecki, 18Q8;
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P. Slavinski, 1824;

M. KxousciiNEViTcn, 1841;

G. A. VON Fuss, 1848;

G. SABLER, 1854;

Colonel Peter Mysloff, 18G7.

Assistant ; Fried. Wilhelm Berg.

It seems that this Observatory had already existed for some time,

when in 17C4 Poczobut restored it aud replaced its instruments. Its

labors, suspended during the Eevolution, were not resumed until 1802.

Instruments:

(b) 3Ieridian transit instrument : maker, Eamsden, in 1777; aperture,

4 inches; magnifying power, 40 diameters.

(c) Uqnatorial instrument: maker, EAMSDEN, in 1777; aperture of ob-

jective, 4 inches; magnifying powers of eye-pieces, 40 and OO.

(d) Spectroscope: direct vision, maker, S. Merz, at Munich.

te) Photometer: made by the late Prof. L. Schwerd, at Speyer. Of

the three made by him one is in Bonn, and the other m Pulkowa.

(f) C/trowo^mw/i: maker, Ansfeld, at Gotha.

\g) Gloclcs: one, mean time, maker, Shelton, (London); one sidereal,

maker. Hardy, (London, 1819).

ill) Chronometer: one, mean time, maker, Dent, ^o. -.Jb, one,

sidereal, maker, Dent, No. 2000.

(i) A Heliostat, by S. Merz. Various ancient astrono n.cul in.tiii-

ments, and modern meteorological instruments. The library of the

Observatory contains 1,966 works, in 4,181 volumes.

Observations:

From 1869 to 1876, photoheliographical
^'^^^^^^/^^^^J^Z

manner as at Kew, near London. In the year^^^t^^l
DALLMEY^R, London, was clestroyed by lire

^^ .^^ ^^ t d P- 49^

tions are made four times a day : at 7^^ A. m., l i
.
m., j i

•
,

p. m. (=7^ mean Washington time, A. 3i).

Warsaw, B2issia.

See Varshava.

Wellington, New Zealand.

Government Observatory.

Longitude from Greenwich.

Latitude,
'^

Director

:

^
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Whalley, England.

See Stonylmrst.

WiEN, near, (Wahking,) Austria.

K. K. Universitats Sternwarte,

Longitude from Greenwich, l'^ 5™ 21^.49 E.

Latitude, 48° 13' 55"A 1^.

Directors : M.Kel,T,, 1756;

F. VON P. Friesnecker, 1792;

J. S. BtTRG, 1817;

J. J. VON LiTTROW, 1819;

K. L. VON LiTTROW, 1841

;

Prof. Dr. Edmund Weiss.

Assistants : 1. Johann Palisa.

2. Dr. Johann Holetschek.
Aids

:

1. Karl Zelbr
;

2. Dr. J. V. Hepperger.

The first observations made in Vienna were undertaken in 1745 by
the Jesuits, J. FRANgois and J. Liesgano. A permanent Observatory

was founded in 1756. It was rebuilt from 1820 to 1826, and located

among the University buildings. In 1874 a new establishment on a

greatly enlarged scale was erected at WJihring, outside the town, and
completed in 1879. An equatorial of Grubb's, with a focus of 32 feet

(9™.7) and an aperture of 27 inches (0'^.70) is to occupy the great dome.

Instruhents :

{a) Meridian circle: made by Christian Starke, at Vienna, (after

the example of the meridian circles of Eeichenbach) ; diameter of cir-

cles, 36 inches ; divided to 3' ; read by four microscopes to single seconds

;

ai)erture of objective, 48 inches ; magnifying power ordinarily employed

120 diameters.

(&') Prime vertical: maker. Christian Starke; aperture, 50 inches;

magnifying power, 120 diameters.

(c) Equatorial instruments: one, made by Alvan Clark & Sons;

aperture of objective, llf inches; magnifying jiowers of ej^e-pieces, up

to 1200. {&) One, made by Frauenhofer; aperture of objective, 6

inches; magnifying powers, up to 600.

[d) Spectroscopes: one small star spectroscope; one Zoellner's solar

spectroscope.

{g) ClocTcs : two mean time ; makers, TJlzschneider, at Munich ; Yo-

rauer, at Vienna; several sidereal; makers, Molyneux (London);

AuCH (Gotha); Graham (London); and a few, more or less accurate.

{h) Chronometers: mean time; maker, Arnold; sidereal, makers,

Kessels, Molyneux.
(*) Miscellaneous : An equatorial with adaptation for various latitudes,

the 6-inch objective by Steinheil, the mounting by Schaffler. Two
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refractors of 4-incli aperture; one of tliem not O(iiiatori:illy inotintcl.

One equatorial of 3-iueb aperture, adapted for various latitudes, object-
ives by FRAUENnoPER. One equatorial of ;Miic1i ai)erturc, by DoL-
LOND. One dialitic equatorial of Plossel, of 5 iuclu's. OneConict-
seeker, of 6-iuch aperture, and 4 feet focal leuoth, by Mkijz; mounted
equatorially on the principle of Yillareau, by Schneider. One
comet-seeker of 3-incli aperture by Plossel; one of 2i inches, by Stein-
heil. Besides tlieSe, various smaller portable transit instruments, the-

odolites, sextants, &c.

Observations during the past \tear (1880—June, 1881):

(a) Adapting- instrument to the new Observatory ; not regularly in

use. Mostly used for determination of clock error, &c.

{b') The same remarks applicable.

(c) {&) Observations made of asteroids and comets.

Work proposed for the coming year (1881-1882):

Continuation of observations of asteroids and comets, with the two
equatorials: Zone observations (re-observations of stars observed by

Santini, between deck 0° and. 10°) with the meridian circle. If the

large equatorial of 27 inches by H. Grurr, at Dublin, can be mounted

in due time, observations with it will be commenced at oucej but the

plan of operation is not yet settled.

Principal publications during the year (1880):

E. Weiss; "Annalen der K. K. Sternwartc in Wieu," iii Folge, Pd.

29, Vienna, 1881; 1 vol., 226 pp.

E. Weiss; "Ueber die Bahn der Kometen 1843 (I), and 1880 (?;)."

AUd. d. Wiss. in Wien, 1880; 1 vol., 20 pp.

E. Weiss, "Ueber Berechnung der Differentialquotienten in stark

excentrischen Bahnen." Akad. d. Wiss. in Wicn, 1881; 1 vol., 11 pp.

J. HoLETSCHEK; "Bahnbestimmung dcs Plaueteu Pcitho." Alad.

d. Wiss. in Wien, 1881; 1 vol., 15 pp.

Additional information:

The principal instrument of the Observatory will be an ecpiatorial of

27-incli object-glass, and about 32 feet focal length, manufactured by

Howard Grubb at Dublin; but it is not yet out of the contractor's

hands. The first Assistant, Mr. J. Palisa, re-discovered Juewa (139),

February 23, 1881; and discovered asteroid (220) May 18, 1881.

Wien, {Josephstadt,) Austria.

Observatory of the High School of Technology.

Longitude from Greenwich, 1^ 5°" 25«.3 E.

Latitude, 48° 12' 53".8 K
Directors: J. Herr, 18G5;

W. Sinter, 1870.

Founded in 1865 at the southwestern extremity of the city; com-

pleted in 1867.
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WiLHELMSHAVEN, Germany.

Kaiserliches Marine Ohservatorium.

Longitude from Greenwicli, 32i" 35«.21 E.

Latitude, 53° 31' 52".2 N.

Authority for longitude: Astronomisclie Arbeiten des kgl. preuss.

geodatisclien lustituts fiir 1878. Latitude, own observations of zenith-

stars with meridian circle.

Director: C. Borgen, Dr. ^7w7., 1876

j

Assistants : P. Andries, Dr. phil.

;

Lieutenant zur See, Hartmann.
Founded in 1875 ; completed in 1878.

Instruments :

{a) Meridian circle: one; makers, A. Eepsold Sohne, in Hamburg;
diameter of circles, 21.6 inches, divided to 2'; read by 4 microscopes,

each to 0".l; aperture of objective^ 4J inches; magnifying jjower ordi-

narily employed, 125 diameters.

(6) Meridian transit instruments : one portable, by 0. Bamberg, Ber-

lin ; aperture, 1^ inches.

(c) Dquatorial instruments: one, by Steinheil Sohne, in Munich;

aperture of objective, 4 inches; magnifying i^owers of eye-pieces, 48 to

360; ring-micrometer, (c') One, Steinheil Sohne; 2J inches aper-

ture; magnifying power, 24 to 150.

(/) Chronograph : one, by FuESS, Berlin.

(g) ClocTcs; meantime; one, by Eppner, Berlin; sidereal; one, by F.

TiEDE, Berlin (standard clock).

(i) Miscellaneous; A comi^lete set of Lamont's instruments for ob-

serving the variations of the magnetical declination, horizontal force,

and inclination.

Lamont's magnetical theodolite; dip-circle by Dover; self-register-

ing barometer and anemometer (Eobinson); meteorological instru-

ments; selfregistering tide-gauge; time-ball. Since September, 1880,

a self-registering tide-gauge, devised by Mr. Reitz, of Hamburg, has

been erected in Heligoland and placed under the control of this Observ-

atory.

Observations durin'g the past tear (1880):

(a) Observations for time and determination of places of the occulta-

tion-stars of the ISTautical Almanac.

(b) Only used for i)ractical instruction,

(c) (c') Comet Swift (1880 c). Occultations of stars.

(?') Meteorological observations (three times a day, usual weather re-

cording and registering of barometer and anemometer, read hourly),

magnetical observations; every second hour from 8 a. m. to 10 p. m.

readings of the variation instruments, and every month one or two ab-

solute determinations of magnetic elements. Tide registerings here and

in Heligoland.
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Work proposed for the comog year (1881):
Same as 1880.

Principal publications of the Observatory during the
YEAR 1880:

1. "Meteorologische Beobachtungeii," pablishcd in tlie ''Aiiiialcn <lir

Hydrographie," vol. viii.

"Gezeiteu Tafeln fiir 1881," published by the Hydrographie. Olliee «ji

the Admiralty.

3. Dr. BoRGEN: "Gezeitenstromuiigen iiii Canal uud der Nordsee,"

published in the "Anualen der Hydrographie," vol. viii.

4. Dr. Borgen: "Ueber die tiigliehe Ungleiehheit in den Gezeiten,"

published iu the "Anualen der nydrographie," vol. viii.

5. Dr. Borgen : "Chronometer Untersuchungen, 1M8-1880," pub-

lished iu the "Anualen der Hydrographie," vol. \m.
6. Dr. Andries: "Ursache des uiedrigen Luftdrucks auf der Siid-

hemisphare," published iu the " Zeitschrift fiir Meteorologie," vol xv,

p. 53.

Additional information :

A time-ball falls twice daily, in local and iu Greenwich noon. Be-

sides, the nautical school at Elsfleth receives twice a week telegraphic

time-siguals.

The "Gezeiteu Tafelu" are computed at the Observatory and extend

now to 7 German, 6 British, and 2 French ports. The second part, con-

taining information about currents, &c., is worked out at the Hydro-

graphic Office of the Admiralty, which publishes the w^hole.

Williamstown, Victoria.

Observatory. (See Melbourne.

Longitude from Greenwich, 9i' SO'" 38^.8 E.

Latitude, 37° 52' 7".2 S.

Director: ?

WiLNA, Russia.

See Vilna.

Windsor, N'etv South Wales.

Private Observatory.

Longitude from Greenwich, lO^^ 3- 21».7 E.

Latitude, 33o 36' 28".9 S.

Director: John Tebbutt

S. Mis. 31 47
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Zi-KA-TVTBi, China.

Observatory,

Longitude for Greenwich, ?

Latitude, ?

Director: 1

Zurich, Sicitzerland.

Sternwarte des scliweizerisdie^ Polytechnikums.

Longitude from Greenwich, Si'^ 12^6 E.

Latitude, 47° 22' 40" N.

Authority for latitude and longitude: Astronomische Mittheilungen
von Dr. Eudolf Wolf.

Directors : J. H. Waser, 1773

;

J. Feer, 1787;

j. eschmann, 1823;

Rudolf Wolf, 1860;

Assistant : Alfred Wolfer.

Founded in 1773 upon the Carolus Thurm (Charles' Tower), through

the efforts of the Ziirich Society of Ii^aturalists. Abandoned from 1798

to 1805. In 1810 a new Observatory was erected east of the Carolus

Thurm; this was abandoned in 1852. Finally in 18G0 the Observatory
was rebuilt at the Polytechnikum, where it was inaugurated in 1863.

Instruments:

(a) Meridian circles : two ; makers, Kern, in Aarau, Ertel, in Munich

;

diameter of circles, 20 inches ; divided to 2' ; read by 2 microscopes to

0.1" ; aperture of objective, 5.3 inches ; magnifying jDower ordinarily

employed, 120.80.

(c) Equatorial instruments : makers, Kern, in Aarau ; aperture of

objective, 6 inches; magnifying power of eye-pieces, 60 to 500. (c') Merz,
in Munich, 3J inches ; 64 to 212.

(d) Spectroscope : one by Merz, in Munich.

(/) Chronographs: four by Hipp, in N^euchatel, and Hassler, in Aarau.

(g) ClocTiS : mean time ; makers, Association ouvriere au Locle ; sidereal

;

maker, Silvain Mairet au Locle. Also several pendulum clocks, among
which one by Repsold.

{h) Chronometer: sidereal; seconds chronometer; maker, Buzen-
GEIG-ER.

(i) Miscellaneous : Several astronomical theodolites, meteoroscopes,

panagenprisms, &c. ; also historical collection of antique instruments.

Observations during the past year (1880):

(a) Time determinations ; refraction, &c. ; moonstars.

(c) ((/) Sunspots
;
planets, &c.

{%) Shooting stars.
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Work proposed for the coiiiNG year (1881)

:

Continuation of former series.

PRmCIPAL PUBLICATIONS OF THE OBSERVATORY DURING THE
YEAR (1880)

:

E. Wolf, Astronoinische Mittlieilungen, published in " Vierteljahrs-

schrift der Naturforschenden Gesellscbaft in Ziiricli."

Additional information :

The Observatory of the Polytechnikum is mainly used for the prac

tical training of the students. The scientific results are voluntary

contributions by the director and assistant.
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, 632

Deaths of employes and collaborators . . 1 66

Carl Hermann Berendt 69
Thomas M. Brewer 66
William Q. Force 69

J. Homer Lane 68

James H. Milner 67

Declaration of Independence, restoration of 72

Decrease of fisheries, investigation of 147

Deep-sea thermometer, experiments with 145

work of the Fish Commission 143

Demarara, explorations in 23
Dennison, E. W., brook trout 55
Derpt, Russia, Observatory, report of 684

Detroit Observatory, Ann Arbor, Mich. , report of 626

Detroit River, white-fish placed in 76
Deuster, Hon. P. V., bill introduced by 80

Deutscher Fischereis Verein 80

Devens, Hon. Charles, member ex officio iv

Diebitsch, H., assistant, Smithsonian Institution v
management of exchanges 9

Diptera, catalogue of ^ 32

Discussion of barometric observations of Prof. E. S. Snell 461

Display at the Berlin Fishery Exhibition 81

Distribution of duplicate specimens 60

offish 76,147

of German carp 77

of publications 17

of specimens , , 17, 139

Doberck, J., director, Markree Observatory, CoUooney, Ireland 683

Dom, T. A., director, Lisbon, Portugal, Observatory 703

Domestic exchanges 88
Donaldson, Thomas, collection of minerals 56
Donations to United States Fish Commission 135

Doolittle, C. L., director of Sayre Observatory of Lehigh University, South
Bethelem, Penn 662

Dorna, N. , director, Torino, Italy, Osservatorio 728
Dover, Thomas, anthropological correspondence 443
Draper, Henry, director of Hastings, N. Y., private observatory 641
Dredging by United States Coast Survey steamer "Bache" 143,148

under Professor Packard 148

Dublin, Ireland, Observatories, reports of 685
Dubuque Observatory. Dubuque, Iowa, report of 635
Dudley Observatory, Albany, N. Y., report of 624
Dug6s, Prof. A., collections made by 50, 52
Duly, Albert N., engineer. National Museum V
Dun Echt, Scotland, Private Observatory, report of 686
Dunsink Observatory, Dublin, Ireland, report of 685
Duplicate specimens, distribution of 60
Durham, England, Observatory, report of .., .689

Dusseldorf, Prussia, Observatory, report of 689 1
Dutch Fish Commission, articles presented by 135 -

Earhardt, John G., anthropological correspondence 443

i
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Earl of Rosse, director, Birr Castle, Ireland, Observatory (;74

Eaton, D. H., anthropological correspondence 444

Earll, R. E., collections made by 49, 54 144

special agent of fisheries 79

Economy of the fisheries, investigations of the 78
Edgecomb, D. W., director of Newington, Conn., private Observatory 6.51

Edinburgh, Scotland, Royal Observatory, report of U90

Editor of pnblications 9

Edmunds, R. H., special agent of fisheries 79

Edwards, Vinal N., collector of Fish Commission 143

specimens by 55

Electrical apparatus in Museum, appropriation for 162

Elevator in Smithsonian building 7

Elizabeth, N. J., private observatory, report of 636

Ellery, R. L. J., director, Melbourne, Victoria, Observatory 709

Elliot, Daniel Girard, memoir on Trochilidae .32

list of htimmiug birds 32

Elsfleth, Germany, Observatorium der Navigations Schule, report of 690

Embryology, attention paid to 146

Emerson, Charles F., director Shattuck Observatory, Hanover, N. H 640

Emerton, J. H., artist
"4

Employes, deaths of ^^

Endlich, Dr. F. M. , agent of the Treasury Department 23

chemical examinations 58

chemist of the institution '-^

contributed to Museum proceedings 41

explorations "^

Engineer school Field Observatory, Willets Point, N. Y., report of 669

Engravings on steel of Professor Henry ^

Entomological Commission, work of 1^"

Epstein, Dr. , director, Frankfurt-on-the-Main, Prussia, Observatory 691

Esmatt, J. J. E., director Observatoire, Cairo, Egypt
J>77

Establishments in correspondence with the Institution lo, 16

Estimates, receipts, and expenditures for 1881 1»1

Ethnological Bureau
appropriation for

1"~

Ethnological index by George H. Boehmer "^^3

researches, appropriation for

Ethnological contributions to the Museum
^^

European fishes in Museum, list of ^
Europe, collections from, to Museum

Evans, W. W. , anthropological correspondence
^^

Evarts, Hon. William M., member ex o^cio

Everhardt, J. F. , anthropological correspondence
^^^

Examination of specimens, rules for
^^ ^^

Exchange of astronomical telegrams '

^'^

bureaus abroad .^^

circular
""

^^
Congressional appropriation suggested lor

^^
distribution of gg
d«°i«^tic

with"!»!^--'^"^"- ---•----- i^.ic
establishments in correspondence
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Exchange expenses for 159, 161

foreign 85

free freight granted to 15

government documents 16, 96

governments exchanging 17

international 13

management of 9

parcels received 16

Professor Poey's agency 14

statistics of 16, 85

Executive Committee, action respecting inaugural reception to President 155, 157

statue of Professor Henry 155, 156, 164

investigation of finances and books 162, 163

members of iv

report of 158,164,165

requested special meeting of Board of Regents 164

special report of 150

Exhibition, Berlin international Fishery 40, 73, 80. 149

Exhibition of collections in Museum, appropriation for 162

Expenditures of the Institution 159

buildings 159

estimated 161

exchanges 159

gallery of art .' 159

general 159

publications and research 159

Explorations 22 et seq.

Tarlton H. Bean, Alaska 25, 47

Charles Bendire, Arizona, Oregon, &c 23

F. H. Cushing, New Mexico 22,48

W. H. Ball, Alaska 26,47

F. M. Endlich, West Indies and Demarara 23

by the Ethnological Bureau 62

of the Grand Banks 143

of Gulf Stream 74,75

Howgate Arctic expedition 26,52

David S. Jordan and Charles Gilbert, Pacific coast 24, 49, 53

of Luray Cavern, Virginia 449

F. A. Ober, West Indies 24

H. Rusby, New Mexico 26,49

James Stevenson 136

Extra copies of report ordered to be printed ii

F.

Fairbanks, N. K. , specimen of salmon 54
Farlow, Prof. William G. , report on progress in botany 313
Fassett, S. M. , crayon head of Professor Henry 3

photograph of Professor Henry 3

Fauna north of Cape Cod, additions to 14£,

of New England, additions to 144

of North America, fishes added to 143, 144
of the Grand Banks, exploration of 143

Faura, P. F. , director, Manila, Philippine Islands, Observatory 708
Fearnley, C. , director, Christiania, Norway, Observatory 681
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Fedorenko, J.
,
director, Kharkoff, Russia, Observatory *t!W

Ferguson, Major T. B.
, assistant tish coniiuissioner . .

.'. V "'........ 74
iu charge of propagation

14(3^ I49
steam power iu lish-hatching 81

Fever, physiological research, by Dr. Wood
"""

29 32
Fossils, collections of '

rg

Ficklin, Joseph, director of the Laws Observatory, Columbia, Missouri
.'

G34
Figyelmesey, Consul, collection made by 50 51
Finances of the Institution 5 ^r^

Financial statement of architects of National Museum '

175
Fire-extinguishers presented 70
Fire-proof safe presented 70
Fire-proofing of Smithsonian building

Fish, chemical composition and nutritive value of I45
Fish Commission, annual report of I47

articles presented to 1135

epitome of the history of 147

laboratories of 14^

origin of 140

relation to tenth census 147, 148

resolution of Congress to establish 140

results of work of 142

the first decade of the 140

work of 140,41

Fish eggs, incubating, studies relating to 145

Fish-hatching, steam power employed in 81

Fish Hawk, steamer, model of 81

Fish, specimens of, distributions of sets 147

Fisher, William J., contributions by 80

Fisheries, decrease of, investigation of 147

investigation of methods 141

statistics and history of 14G, 148

Fishermen and fishing towns, statistics of 78

of Cape Ann, contributions by 143

Fishery census of 1880 "=^."7

exhibit at Berlin : 40,73,80,149

investigations, plan of ^

'

products, manufacture of, statistics of '^

Fishes added to the fauna of North America 143,144

collections of, added to the Museum •'"'3

Fishing-grounds, investigation of '^

towns, statistics of '°

Fisk, John T., donation by j^

Fison, L., memoir on aborigines of Australia ^'^

Fixtui-es of Museum, appropriation for 162

Flags lent for the Berlin Fishery Exhibition 82

Florence (Italy) Natural History Museum, articles presented by 135

Observatories, reports of ^^

Florida, collections from, to Museum ^^
Fordham, N. Y.

,
private observatory, report of (see also, Riversdale) «J37

Food-fishes, introduction and multiplication of I'll

,. „,. 143
propagation ot

Foreign correspondents

exchange
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Foreign ministers, acknowledgements due 15

Observatories, reports of 671

Foreman, Edward, assistant, ethnology, National Museum v
Foerster, N. J. T., director, Berne, Switzerland, Observatory 074

Foerster, W. J., director of Royal Observatory, Berlin, Prussia 674

Force, William Q., death of 69

Fort Dodge, Iowa, private observatory, report of 637

Fossil plants, collection of 59

Fossils added to the Museum 56

France, ^commission of international exchange 14

Frankfurt-a-Main, Prussia, private Observatory, report of 691

Free freights 81

granted to exchanges 15

Free transmission of astronomical discoveries 12

Fuel for Museum, appropriation for ...., 162

Fulton, R. B., director of Observatory of the University of Mississippi 655

Furniture and fixtures of Museum, appropriation for 162

G.

Galbraith, F. G. , collections made by 46, 49, 51

pencil sketches by 137

Galendo, Don Ignacio, mummy from 51

Galle, Dr. J. G., director, Breslau, Prussia, Universitats Stemwarte 676

Gallery of art, expenses for 159

relation of Institution to 63

Gardiner, Frederick, assisted in work of Fish Commission 74

Gardner, N., photograph of Professor Henry 3

Garfield, James A., Regent, elected President of the United States 1, iv

Garman, S. E., contributed to Museum proceedings 41

investigations 58

Garrett, Robert, courtesy of 449

Gas fixtures in Museum, appropriation for 162

Gasparis, N. de, director Napoli, Italy, Observatory 713

Gass, Henry, clerk v
duties of . ._ 9

Geare, R. I., Fishery Census 79

Geneva, Switzerland, Observatoire, report of 691

Genoa (Italy) Natural History Museum, articles presented by 135

Osservatorio della R. University, report of _ 691

Geological Survey, work of 140

Geology of Lower Louisiana, by Eugene H. Hilgard 1 32

progress of, by Dr. George W. Hawes 221

Georgetown, British Guiana, Observatory, report of 693

District of Columbia, College Observatory, report of 639

Germany, California salmon introduced in 146

German carp, introduction of 146, 148, 149

propagation and distribution of 77

Gilbert, Prof. Charles H., collections made by 24,46,47,49,53,54

contributed to Museum proceedings 41

explorations 24, 49, 53

special agent of fisheries 79

Gill, David, director Royal Observatory, Cape Town, Africa 678

Gill, Theodore, contributed to Museum proceedings 41

^
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Gill, Theodore, report on proj^ess iu zoology

;j:{l

Glasgow, Missouri, Morrison Observatory, report of 6:J9

Scotland, Observatory, report of (592

Gloucester, Mass., propagation of cod-fish --,

Goldner, G. A., director, Durham, England, Observatory 0^9
Gonzales,

,
director, Bogota, United States of Colombia, Observatory 67'>

Goode, G. Brown, assistant director National Museum v
assisted in work of United States Fish Commission 7.'>

collection of fishes .17 .'tO, r»5

Commissioner to the Berlin Fishery Exhibition 45, 7'., PI

contributed to Museum proceedings U
in charge of Fishery Census of 1880 77

investigations r\>^

fishery exhibit at Berlin 40

prepared an account of the United States Fish Commission

.

77

the first decade of the United States Fish Commission 140

visit to foreign museums 45

Gore, Prof. J. H., visit to Luray Cave, Virginia 449

Gotha, Germany, Stemwarte, report of G92

Gottingen, Prussia, Royal Observatory, report of 092

Gould, Dr. B. A., director, National Observatory, Cordoba, Argentine Re-

public 683

proposed exchange of astronomical telegrams 1*2

Government document exchange Hi

exchanges ^'''

relation of the Institution to the - C"2

Governments in exchange with the United States Government 1~

Grand Banks, explorations of the l-l'-^

Grand Lake Stream Station ''^

Grant, R., director, Glasgow, Scotland, Observatory 092

Gray, Prof. Asa, investigations - ^^

regent '^

Great Lakes, exploration of 144,146,148

Gregg, W. T., director of Brooklyn, N. Y., Observatory 628

Green, W. J. , electrician. National Museum J
Greene, Prof. Dascom, director of Williams Proudfit Observatory, Troy, N. Y . 664

Greenwich, England, Royal Observatory, report of ^^4

Griffin, Miss M. E., clerk in charge of files ^'^ ^

Grigoriefi:; N. F., director, Kronshtadt, Russia, Observatory
^

"01

Guesde, L., illustrations of Carib antiquities ^1-50

Gulf coast, explorations of - _ _".

stream, explorations of ' '

' '^

Gutekunst, F., phototype of Professor Henry ~

photograph of Professor Henry •

Guyot, Prof. Arnold, physical tables

Gyld^n, Hugo, director, Stockholm, Sweden, Observatory

H.

, ...5,158,159,160,161
Habel bequest '''V"o -j. i i t^T'i

Hagenbach, Ed., director Physikalisches Institut, Ba^sle, Switzerland........ b.J

Halibut, investigations on -

gg^
Halifax, England, Bermerside Observatory, report of

S. Mis. 31 48
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Halifax Fishery Commission 147

Hall, G. R., engraving of Professor Henry 3

Hall's Arctic Expedition, ajjpropriation for pnblication of results 162

Halsted Observatory, Princeton, N. J., report of 657

Hamburg American Packet Company grants free freight 15

Hamburg Observatory, Germany, report of 606

Hamilton bequest 5,158,159,160,161

Hamlin, Hon. Hannibal, regent iv, 164, 165

resolution on printing Smithsonian Reports 44

Hanover, N. H, Shattuck Observatory, report of 640

Harger, Prof. Oscar, investigations 58, 143

.Harrington, Lieut. Com. P. F., director of United States Naval Academy Ob-

servatory, Annapolis, Md 626

"Harrington, M. W., director of Detroit Observatory, Ann Arbor, Mich 626

^Harris, George H. , antLroi)ological correspondence 444

•Harrison, Mrs., Indian paintings presented by 56

•Haj-tnup, J., director Liverpool, England, Observatory 704

Harvard College Observatory, Cambridge, Mass. , report of • 629

Hastings, Charles S., and Edward S. Holden, a synopsis of the scientific writ-

ings of Sir William Herschel 509

Hastings, N. Y., private Observatory, report of 641

iHavaua, University of, acts as agent of exchanges 15

;Haverford ^College, Pennsylvania, Observatory, report of 642

.Havre de Grace, Md. , shad hatching station at 76

Hawes, George W., curator, mineralogy. National Museum v
report on progress in geology 221

report on progress in mineralogy .- 299

Hay, Prof. G. P., collection of fishes 54

contributed to Museum Proceedings 41

Hayes, Rutherford B., ex-officio presiding officer of the Institution iv

member ex officio iv

Heating apparatus in new building 168, 171, 172, 173, 174

Heilprin, A., contributed to Museum Proceedings 41

Heis, E., director of Miinster Observatory, Prussia 712

iHelsiugtbrs, Russia, Oliservatoria, report of 697

'Henderson, J., turtle from 53

Henderson, J. G., anthropological contributions by 51,444

Henry memorial volume 34

,Henry, Joseph, account of investigations relative to illuminating materials . 483

bust of 63

memorial volume of 334

representations of : 2, 3

statue of 2,150,164

Henshaw, Mr., investigations 58

Herendeeu, Capt. E. P., assistance given by 25

Herring Safe Company, fire-proof safe presented by 70

Herring fisheries 148

Herron, Joseph, janitor. National Museum Y
Herschel, Sir William, scientific writings of, a synopsis of 509

Hess, F. , director of Fort ;Dodge, iowa. Observatory 637

Hellers, Mr., photographic views by 49

Hirsch, A., director Neuchatel Observatory 713

History and origin of the institution 33, 166

and statistics of fisheries 146, 148
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History of the Fisli Commission, epitome of tlie 1 IT

Hobbs, Major, disbursiug agent of National Museum Buililirig Commis-
sion 177

Hobbs, George S., connected witli Fish Commission T'.t

Holden, Edward S., director of Washburn Observatory, Madison, Wis »M.')

edited reports of astronomical observatories (j'23

report on progress in astronomy 1h:i

and Charles S. Hastings, a synopsis of the scientific

writings of Sir William Herschel .'.(I'.t

Holland, bureau of scientiiic exchange 14

Holmgren, Prof. F., on color-bliuduess 'Jl

Hollyer, S. , engraving of Professor Henry 'A

Hooper, Captain, collections made by 46, 4.'",ij:{

Horan, Henry, superintendent of building v

Hornstein, Dr. C, director of Prague Observatory, Austria 719

Horr, Asa, director of Dubuque Observatory 6:i5

Hough, G. W., director of Dearborn Observatory, Chicago, HI Gl^2

Houzeeu, J. C, director Brussels, Belgium, Observatory 676

Howe scales, presented by May & Co 70

Howgate, Capt. H. W., collections presented by '27, 52

Arctic Expedition '26, .">2

Hudson, Ohio, Observatory, report of '''•!•*

Humming birds, list of •^'*

Hydro-pneumatic fire-extinguisher presented "0

I.

Ichthyology of rivers ^^^

Illuminating materials, account of investigation relative to 4>'3

Inaugural reception of President ^^^^>^- 1^>"' ^^^

Income of Institution, to be expended by the Secretary l'«

Increase of Museum
Incubating fish eggs, studies relating to ^^^

Index to Smithsonian jiublications ""^

Indians, census of

Inflammation in arteries, by E. 0. Shakespeare, M. D -^'^

Ingalls, W., oil painting of Professor Henry
-j

Ingersoll, Ernest, explorations by _

special agent for Census '

'

Inman Steamship Company grants free freight "^

Internal structure of the earth, by J. G. Barnard - - - •
j

- -
- •

-

, ^ ^. T , 13, 1:>, lo, H5, Hc.lH)
International exchanges

Fish Exhibition
'

Interest on money belonging to tho Institution
^-j;^

Invertebrate animals, investigation of
^,j^

fossils from McCloud River
^^'.^

Invertebrates, additions to -

^^-,

specimens of, distribution of

Investigations of the United States Fish Commission -

Investigation relative to illuminating materials, account of
^^

Iowa City, Iowa, private Observatory, report ot -

^^
Ipswich, England, Orwell Park Observatory, report ot

^^

Irish, C. W., director of Iowa City, Iowa, private Observatory .---.--

^

Iron doors for Smithsonian building ^.^

Italian Fish Commission, articles presented by
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Pago.

Jans?on, J., director, Mendou, France, Observatory 709

Janvier, A. J., crayon head of Professor Henry 3

Jeffries, Prof. B. Jay, work on color-bliudness 21

Jena, Saxe-Weimar Observatory, report of C97

Jimenez, F., director, Mexico Observatory 709

Johnston, Hon. Joseph E., regent 164

Jones, George C, anthropological correspondence 444

Jordan, Prof. David S. , collections made by 24, 46, 47, 53, 54

contributed to Museum Proceedings 41

explorations 24, 49, 53, 144

special agent of fisheries 79

Journal of proceedings of the Board of Eegents 33, 164, 166

Jouy, P., collections madeby 29, 50

K.

Kalocsa, Hungary, Observatory, report of 695

Karlsruhe, Observatory (see Mannheim) 708

Karr, W. W. , clerk Smithsonian Institution v
Kasau Observatory, Russia, report of 698

Kaufmanu, Theodore, oil painting of Professor Henry 3

Kendall, J. J., specimens from 52

Kerne, Lieut. L, M. , anthropological correspondence 444

Kew Observatory, England, report of 698

Kharkoff, Russia, Observatory, report of 699

Kidder, Dr., contributions by 55

experiments by 145

Kiel, Prussia, Royal Observatory, report of 699

Kiew, Russia, Observatory, report, of 699

Kilmarnock, Scotland, Observatory, report of 699

Kjobenhavn, Denmark, University Observatory, report of 969

Klinkerfues, Dr. E. F. W., director of Royal Observatory, Gottingen, Prussia. 693

Konigsberg, Prussia, University Observatory, report of 700

Koons, B. F., connected with United States Fish Commission 74

Kortazzi, J., director, Nicolaev, Russia, Observatory 713

Kost, Professor, skull of beaver from 50

Kowalski, M. , director, Kasan, Russia, Observatory 698

Krakau, Austria, Royal Observatory, report of 700

Krerasmiinster, Austria, Observatory, report of 701

Kriiger, N. , director. Gotta, Germany, Observatory 692

director Helsingfors, Russia, Observatory 697

Krueger, Prof. Dr. N., director Royal Observatory, Kiel, Prussia 699

Kronshtadt, Russia, Morskaia Observatory, report of 701

Kumlien, Mr. Ludwig, exjdoration by 144

special agent of fisheries 79

specimens collected by 52

Kunes, A. , director, Trieste, Austria, Observatory 729

L.

Laboratory of natural history 8

Laboratory work, chemical 21

Laboratories of Fish Commission 142, 143
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Lake Micbigau, white fi.sh planted in 7(;

Laniont, J. von, director, Miiuclien, Bavaria, Royal Observatory 71'.'

Land and fresh water shells of North America :{2

Landricotf, M. K., director, Kicw, Russia, Observatory CIW
Lane, J. Homer, death of fig

Langley, S. P., director, Allegheny, Pa., Observatorj- 024

Larkin, Edgar L., director of New Windsor, 111., Observatory n,')2

Larmour, J. J., anthropological correspondence 444

Latimer collection of antiquities M
Latimer, W. H. , stone image from .")1

Lawrence, George N., investigations 'vS

contributed to Museum Proceedings 41

Lawrence, Kansas, University Observatory, report of ('»44

Laws Observatory, Columbia, Mo. , report of 6;?4

Le Clear, Thomas, oil painting of Professor Henry 3

Leech, Daniel, in charge of correspondence v,9

visit to Luray Cave, Virginia 449

Lehigh University Observatory, South Bethlehem, Pa., report of GC2

Leipzig, Germany, Uni versity Observatory, report of 701

Museum fiir Volkerkunde, articles presented by 13.')

Lemberg, Austria, University Observatory, report of 702

Leslie, C. C, collections made by 49, .'>4

Lesquereux Prof. L., work on collections of fossil plants 59, 60

Leyden, Holland, Rijks Observatory, report of "02

Leyton, England, Barclay Observatory, report of "02

Lais, E. , director, Rio de Janeiro, Brazil, Observatory ~-l

Library additions for the year l"'

in charge of Miss Turner •'

special gifts received

Lick astronomical department of the University of California, report of ...

.

f>4G

Light-House Board, facilities granted by 'p

Lindsay, Lord, proposed exchange of astronomical telegrams i:^

Linwood, Ohio, private Observatory, report of ^>-14

Lisbon, Portugal, Observatories, reports of "^^

List of })eriodicals received
'

Litchfield Observatory, Clinton, N. Y., report of
J_'j^'-

Liverpool, England, Observatory, report of '

Loan of books and apparatus, rules for

of specimens, rules for

Locke, W. M., anthropological correspondence

Lockingtou, W. N., contributed to Museum Proceedings

London, England, Observatories, reports of

71

71

lU

41

701

K,
Lorenzoni, G., director, Padova, Italy, Observatory .--- -- '"

Loud, Prof. F. H., discussion of Professor SnelFs barometnc observat.ons.... 4..1

444

445

705

Love, N. C, anthropological con-espondeuce

.

Low, Charles F., anthropological correspondei

Lubeck, Germany, Observatory, report of ...

.

Lucernariae, by Henry James Clark .^,,

Lund. Sweden, Observatory, report of
.,^. ^^^

i:Zr^?^rCrrniwe;;i^
'

'ss
Luther Robert, director, I>«-1^^«'^' ^["^^>^'

^.'^^^^^^^^^ .;;
. 650

Lyman, C. S., director of Winchester Observatory of ^ak College
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Lyon, B. H., collection of fossils 56

Lyons, France, Observatory, report of 706

M.

MacLean, Eev. Dr. John, regent iv, 165

member of executive committee iv, 163

Maclean, J. P., anthropological correspondence 445

Madison, Wis. , Washburn Observatory, report of 645

Madras, India, Observatory, report of. 707

Madrid, Spain, Observatory, report of : 707

Mammals, collections of, for the Museum .- 51

Manila, Philippine Islands, Observatory, report of 708

Mannheim, Baden, Observatory, report of 708

Manufacture of fishery products, statistics of 78

Marble flooring in new Museum , 156, 164

Marble, Hon. Edgar M., member ex officio iv

Marburg, Germany, Observatory, report of 708

Marine animals, histories of '. 145

temperature of blood of 145

products, investigation of natural history of 78

Markree Observatory, Collooney, Ireland, report of 683

Marshall, Henry, taxidermist. National Museum V, 8

collections made by 49, 52

Marseilles, France, Observatory, report of 708

Mason, Prof. OtisT., abstracts of correspondence relative to aboriginal remains. 441

bibliography of anthropology 403

memoir on the Guesde's collection 31

memoir on Latimer collection 31

report on progress in anthropology 391

visit to Luray Cave, Virginia 449

Mather, Fred., assistant at the Berlin Fishery Exhibition 82

special agent of fisheries 79

study of fish 144

May & Co., presented Howe scales 70

Maynard, Hon. Horace, member ex officio iv

Mayer, L., director, Ofen, Hungary, Observatory 715

McCloudKiver Station 76.

McClure, R. H., director of Linwood, Ohio, private Observatory 644

McDonald, Marshall, collections made by 49, 54

explorations by 144

special agent of fisheries 7q
McDonald, H. W. , assistance given by 25

McFarland, R. W., director of the private Observatory at Columbus,Ohio 635

McLouth, Lewis, director, Michigan State Normal School Observatory, at

Ypsilanti, Mich 671

Medal of the international exhibition at New South Wales, received by the

Institution 19,66

Meetings of the Board of Regents 164, 165

Meigs, General, consulting engineer of National Museum Building Commis-
sion 167

medallions in plaster presented by 56

Meikleham, William, director of the Fordham, N. Y., Observatory 637

Riversdale, N. Y., private Observatory.. 659

Melbourne, Victoria, Observatory, report of 709
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Members ex officio of the Institution
i v

Memorials o

Memorial volume of Professor Henry ;{, IM

Memoir of Smithson :j;{

Mendon, France, Observatory, report of 7()9

Menhaden, bibliographic monograph on 14r»

Menton, J. B., director, Quito, Ecuador, Observatory 721

Merchants' Line of Steamers grants free freight l.'i

Merrill, Dr. J. C, collections made by 4;»

Merrill, G. P. , employed in the Fish Commission 7'.»

Mesquita, Francisco de Paula Ferreira dc, director, Lisbon, Portugal, Ob-

servatory 7iV.;

Meteorology, publications 'M

Metz, C. L., anthropological correspondence 44r>

Mexico, collections from 4H

Mexico, Mexico Observatory, report of 709

Meyer, Prof. A. B. , courtesy of 62

Michie, P. S., director of West Point, N. Y., Observatory 668

Michigan State Normal School Observatory, Ypsilanti, Mich., report of 671

Milan, Italy, Observatory, report of "10

Millosevich, E., director of the Venice, Italy, Observatory T-f"-

Mills, Clarke, bust in plaster of Professor Henry 3

Mills, Fisk, bust in plaster of Professor Henry '^

Mills, Henry, director of Buffalo, N. Y. , Observatory 628

Milner, James W., death of "^

explorations by ^'*'*

observations by ^*'*

work of
l*^

Mineralogy, progress report on, by Dr. George W. Hawes 299

Minerals, collections of, for the Museum |^
Miscellaneous collections, volume xvi

volumes xvii, xviii, xix

Microscopical examination of soundings

Mitchell, Maria, director of the Vassar College Observatory, Poughkeepsie,

N. Y
5^

Mobley, G. B., specimen of carp

Model of steamer "Fish Hawk" „
, ^ /lU

Modena, Italy, Observatory, report ot
^^,

Miiller, Axel, director Lund, Sweden, Observatory
^^|*

Monographic reports, preparation of
^^

Montana, collections from, for Museum
^^^

Montcalieri, Italy, Observatory, report of
_^^

Moutsouris, France, 01)servatory, report of
"

^^^^^
Morau, Dr., collection of reptiles

^^^
Morgan, B. , anthropological correspondence

^,.^^

Morrison Observatory, Glasgow, Mo. , report of -
'

Mouchez, E., director, Paris, France, National
01>«;"-=^«J

-,----.;;--"
^

Mount Hamilton, Cab, Lick Astronon.ical Department of the University

^^^

Mount nSii'S^-^^-aiory; south Hadi^^^ Ma;s:,-;;por; of 6.3

Mount Lookout, Ohio, Cincinnati Observatory, report of ---;-;-;;;;;;
.^i

Mummy from cave in Coahuila -

-j2

Munich, Bavaria, Royal Observatory, report of
-"

^^^

Miinster, Prussia Observatory, report of .

.

.....--.---
^^

Murray, J., samples of sea bottom, placed in hands of
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Museum building, use of, granted for inaugural reception 4, 155, 157, 165

collections of, additions to HO
of comparative zoology, Cambridge, specimens for 55
marble or tile llooring in 156, 164

specimens received and distributed in 139

Mysloff, Col. Peter, director, Vilua, Russia, Observatory 733

N.

Naples, Italy, Observatory, report of 713
Nashville, Tenn., private Observatory, report of 648
National Academy of Sciences, relation of Institution to 65
National Museum 38, 44

additions to collections of 110

/ application for use of building 166

appropriations for 161

appropriation for furniture and fixtures 162

assistants in the Museum v, 61

Bulletins 38

courtesies from foreign museums 61

distribution of duplicate specimens 60

Ethnological Bureau 62

increase of Museum 46

officers and assistants v
proceedings 38

relation of Smithsonian Institution to 6

reorganization of force 46

specimens received and distributed 139

systematic nomenclature 38

work done in 57

work done on collections , 58

work of 140

National Museum Building Commission, report of 165,167

nearly completed 1,44

proposed displays 45

Natural history, laboratory of 8

Natural history of marine products 78

Naval Academy Observatory, Annapolis, Md., report of 626

Observatory, Bergen, Norway, report of 673

Observatory, Washington, D. C, report of 665

Navy Department, flags lent by 82

Nelligar, T. S., watchman 7

Nelson, E. H., collections made by 46,47,51,52

Neptunus Company, articles presented by 135

Netherlands-American Steam Navigation Company, grants free freight 15

Neuchatel, Switzeiland, Cantonal Observatory, report of 713

Newark, N. J.
,
private Observatory, report of 648

New England, fauna of, add itions to 144

New Haven, Conn., Winchester Observatory of Yale College, I'cport of 650

Newington. Conn.
,
private Observatory, report of 651

New Mexico, explorations in 22,26,48,49, 136

New South Wales, international exhibition awarded medal to the Institution. 19, 6G

New species of fish 145

Newton, Edward, collections made by 50, 53

New Windsor, 111., Observatory, rejiort of 652
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New York and Brazil Steamship Company j^rants free freij^lit 1.")

New York and Mexico Steamship Company grants free freight 1
",

New York City Observatories, reports of (;."):!

New Zealand, California, salmon introduced in MC
Nicholson, Walter L., prei)aration of topographical relief model -JO

Nicholls, Dr. H. H. , collect ions made by .'>(). ."»'J

Nicolaev, Russia, Observatory, report of 71:!

Nicolaevskaia Glavnaia Observatory, Poulkovo, Russia, report of 7r.i

Nomenclature of North American birds, revision of 4(i

North America, fauna of, fishes added to U:t

North American birds, catalogue of 4t»

revision of nomenclature of 4U

North German Lloyd grants free freight I'l

privileges granted by, to the Fishery Exhibition hi

Northfield, Minn., Carleton College Astronomical Observatory, report of Gr>4

Northville, Mich., hatching station at 7<»

Norwegian Fish Commission, articles presented by I'Mj

Northwestern Telegraph Company, acknowledgment to I'i

Nottingham, England, Alexandria Park Observatory, report of 714

Nourse, Prof. J. E., narrative of Captain Hall's expedition 70

Noyes, William E., assistance given by S.'i

Nutritive value offish 145

O.

Ober, F. A., explorations and collections made by 24,:U,50,;VJ

Objects and results of the United States Fish Commission 72

Observations, barometric, discussion of -1^1

Observatories, reports of astronomical *'''^'

Odessa, Russia, Observatory, report of *1-1

Oelrichs & Co., privileges granted by ^^

Ofen, Austria, Observatory, report of '^^^'

Officers and assistants of the Institution and the National Museum ^
v

O-Gyalla, Hungary, Astro-Physical Observatory, report of 71.'.

Oil paintings of Professor Henry _
'

Olmlitz, Austria, Observatory, report of '^''

Oregon, explorations in

Orfe, golden, acclimatization of
_ ^

Origin and history of the Smithsouiau Institution 33, IGG

of Fish Commission

Orwell Park Observatory, Ipswich, Eugland, report of 097

Osborn, H. L., assisted in work of Fish Commission
'J

collecting material
"

Osten-Sacken, C. R., catalogue of diptera '^

Oterendorp & Co., articles presented by
^;

Oudemaus, J. A. C, director Utrecht, Hohand, Observatory ^^i

Oxford, England, Observatories, reports of ' •_'

Oxford, Mississippi, Observatory of the University, report of o-^>^

Oyster, explorations for

P.

Pacific Cable Company, acknowledgment to
^,'49, 53, 144

Pacific coast, explorations of '
'

15

Pacific MaU Steamship Company grants free freight
^,

Pacific Steam Navigation Company grants free freight
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Packages distributed 88

Packard, Professor, dredgings by 143, 148

Padua, Italy, Observatory, report of 716

Paiutiug of Carib antiquities 50

Paintings, collection of, by Catlin 56

Palenque tablet, by Dr. Rau 29

Paleontological collection, work done to 59

Palisa, J., director, Pola, Austria, Observatory 718

Palmer, Edward, antluopological correspondence 445

Palmer, Joseph, modeller, National Museum V
assistant at tlie Berlin Fishery Exhibition 82

preparation of plaster casts 8

Palermo, Italy, Royal Observatory, report of 716

Panama Railroad Company grants free freight 15

Paramatta, New South Wales, Observatory 717

Parcels received for distribution 15,16

Paris, France, National Observatory, report of 717

Paris International Congress and Exposition relative to Electricity 65

Parker, Hon. Peter, member of the Executive Committee iv, 157, 163, 164, 165

National Museum building commission 169

presented report of Executive Committee 164, 165

regent 164,165

Parma, Italy, Observatory 718

Parspnstown Observatory, Birr Castle, Ireland, report of (see Birr Castle) ... 674

Patent Office, chemical analyses for 22

Paul, Prof. H. M., director Tokio, Japan, Observatory 728

Payne, William W., director of Carleton College Observatory, Northfield,

Minn 654

Pennsylvania Railroad granted free freight 82

grants special rates of freight 15

Penobscot River Station 76

Periodicals received, list of 98

Perry, Rev. S. J., director Stonyhurst College, England, Observatory 726

Peters, C. N. F., director Observatory, Altona, Prussia 672

Peters, C. W. F., director of Litchfield Observatory, Clinton, N. Y 634

l)roposed exchange of astronomical telegrams 12

Peterson, Kuno, articles presented by 135

Phelps, N. Y., Red-House Observatory, report of 655

Philadelphia, Pa, Central High School Observatory, report of 656

Philadelphia, Wilmington and Baltimore Railroad granted free freight 81,82

Phillips, Barnet, special agent of fisheries 79

Photographic views made in New Mexico and Arizona 136, 137

Photographs of Professor Henry 2

Physical Institute, Basle, Switzerland, report of 673

Physical tables by Prof. Arnold Guy ot 38

Physics, progress report on, by Prof. George F. Barker 235

Physiological research. Dr. Wood , on Fever 29, 32

Pickering, Edward C. , director of Harvard College Observatory 629

Pirz, Anthony, collection of minerals 56

Plantamour, E., director Geneva, Switzerland, Observatory 691

Plants, collection of, from Japan 56

Plaster casts prepared by Joseph Palmer & Son 8

Plyer, Charles W., director of the Elizabeth, N. J., Observatory 636

Poey, Prof. Felijie, acts as agent of scienti tic exchange 14
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Poey, Prof. Felipe, collections made by 50 53 55
Pogson, N. R., director Madras, India, Observatory 707
Pola, Austria, Naval Observatory, report of 718
Polaris expedition, relation of Institution to 6:{

Pollock, John S., clerk v,9
Pompeii, duplicates from f,3

Port Louis, Mauritius, Observatory, report of 718

Porter, Dr. Noah, motion by 165

regent iv ,
16.'.

Poughkeepsie, N. Y. , Vassar College Observatory, report of (wG

Poulkovo, Ru.ssia, Observatory, report of 719

Potsdam, Prussia, Astro-Physical Institute, report of 718

Powell, Prof. J. W., in charge of Ethnological Bureau 62

Prague, Austria, University Observatory, report of 719

Preparation, care, and manufacture of hshery products, statistics of 78

Preservation of collections, appropriations for IGl

Prime, Frederick, jr., anthropological correspondence 445

Princeton, N. J., Observatory of the College of New Jersey, report of 657

Pritchard, O., director Oxford, England, Observatory 715

Pritchett, C. W., director of Morrison Observatory, Glasgow, Missouri 639

Prizes awarded the United States at the Berlin Fishery Exhibition 82

Proceedings of the Board of Regents, journal of 164

of National Museum 40, 41

Products of fisheries, statistics of 78

Progress report on Museum building 1

Propagation, artificial 76, 77

division of the United States Fish Commission 73

offish 1^2

importance of I'lC

of food fishes l**^

of the salmouid;r '°

Protection and culture of fish, investigations of •,.— ~8

Providence, R. I. , Seagrave Observatory, report of 659
»>7

Publications

and research, expenses for lo9-161

distribution of

of the Institution, list of.

Smithsonian Contributions to Knowledge 28
OH

Twenty-second volume •^

Palenque tablet, by Dr. Ran - ^9

Physiological research ; Dr. Wood on Fever 29

Meteorology—tables of rainfall ^0

Archeology (G. Latimer, F. A. Ober, L. H. Morgan, L. Tison) 31

Smithsonian Miscellaneotis collections -^-^

Sixteenth volume
~

Seventeenth, eighteenth, and nineteenth volumes J.5

Memoir of James Smithson, by W. J. Rhees 3-|

Henry memorial volume

Digest of atomic weights, by G. F. Becker
-j-^

The Toner lectures •
Lecture on sanitary drainage, by G. E. Waring

Physical tables, by Prof. Guyot

Bulletins of tlie National Museum

Proceedings of the National Museum
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Publications of the Institution—Continued.

Systematic nomenclature , 41

Index to Smithsonian publications "28

Smithsonian Annual Report 42,43

Pueblos, explorations of 136, 137

Pujazon, C, director San Fernando, Spain, Observatory 722

Pump in Smithsonian grounds 7

Punderson, L. L., engraving of Professor Henrj' 3

Q.

Quebec, Canada, Observatory, report of 720

Queen's College Observatory, Cork, Ireland, report of 683

Quito, Ecuador, Observatory, report of 721

E.

Radclitfe Observatory, Oxford, England, report of 715

Railroad companies granting free freight 81

Rainfall tables 30

Ramsey, Hon. Alex., member ex-officio iv

Ransburg, W. C. anthropological correspondence 445

Rathbun, Richard, assistant of United States Fish Commission 74

arrangement of invertebrate duplicates 147

contributed to Museum proceedings 41

dredging by 143

special agent of fisheries 79

Rau, Dr. Charles, curator, archseology. National Museum v
investigations in archaiology 58

Paleuque tablet 29

visit to Luray Cave, Virginia 449

Reading-room established in the Institution 20

Receipts, estimated 161

in cash, by the Institution 159

of specimens 1,39

Reception to President in New Museum 155, 157, 165

Recipients of government exchanges 97

Recognition of Institution by foreign governments 65

Redding, B. B., anthropological correspondence 445

Red Hill Observatory, Churts, England, report of 682

Red-House Observatory, Phelps, N. Y. , report of 665

Reed, George H.
,
paymaster of Steamer '

' Fish Hawk " 74

Rees, J. K., director of Columbia College, New York, Observatory 653

Washington University Observatory, Saint Louis,

Mo 662

Regents of the Smithsonian Institution iv

Board of, journal of proceedings 164

published journals of 33

resolutions by 164,165,166

resolution granting Museum for Inaugural reception 4

Reichmann, R. , crayon he ad of Professor Henry 3

Reinsch, A. , anthropological correspondence 446

Relation of the Institution to other establishments 62

Alaska Commercial Company 64

Centennial Commission archives ,> 64
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Relation of the Institution to other estal)lishmont8—Continued.
Gallery of Art

; (3;}

Government C^

National Academy of Sciences (',5

National Museum i;

Paris International Congress and Exposition, relative to electricity fio

Polaris expedition (;:{

Recognition by foreign governments Cm

Remains, aboriginal, correspondence relative to 441

Reorganization of Museum force 4G

Repayment from appropriation for the Berlin Fishery Exhibition 83

Report, annual, of Secretary 1

by James Stevenson i:56

of Fred. W.Taylor 107

Reports of astronomical observatories 6"23

the United States Fish Commission 147

scientific progress 181

Reptiles, collection of, added to Museum 53

Representation s of Professor Henry -

busts in plaster ^

crayon drawings '^

engravings '

oil paintings "^

photographs

portraits
"

•wood-cuts t

Research, expenses for ^•''' ^""^

Researches, account of
'-"

Resolutions by Board of Regents ^'^^

expenditure of income. 1''"*

disposal of Virginia bonds 1<|6

flooring in Museum building ^
_^

preservation of tomb of Sinithsou l^*^'

statue of Professor Henry ^'j^

thanks to Wilham J. Rhees 1''^'

use of Museum building for Inaugural reception «, K5-1, !&>

Resolution by Congress to print extra copies of Report "

Resolutions of Executive Committee:

Marble or tile flooring in new Museum building
_

!_»'

Statue of Professor Henry _.*"'' ".j

Use of Museum building for Inaugural reception ''1

Resolution by Senator Hamlin regarding printing of Smithsonian reports ....
^4^

Respeghi, L. , director, Rome, Italy, Observatory '
--

Restoration of the Declaration of Independence
'

Results of the United States Fish Commission -
^^^

Reynolds, Dr. Elmer R., visit to Luray Cave, Virginia
'iv v 8 9

Rhees, William J., chief clerk of the Institution ' ' '

Journals of the Board of Regents
;^ ^

Memoir of James Smithson -
"•

origin and history of the Smithsonian Institution
^-^

publications by
^^^

thanks of the Board of Regents to
^^^

visit to Luray Cave, Virginia
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Rice, H. J., studies of, iu fish embryology 145, 14G

Ridgway, Robert, collections made by 49, 52

curator, ornithology, National Museum V
investigations , 58

publications in the proceedings of the National Museum.. . 40, 41

Riley, Prof. C. V., investigations 58

Rio de Janeiro, Brazil, Nautical Observatory, report of 721

Riversdale, N. Y., private Observatory, report of 659

Robinson, A. P., anthropological correspondence 446

Robinson, T. R. , director Armagh, Ireland, Observatory 672

Rochester, N. Y., Warner Observatory, report of 660

Rock fish, artificial propagation of 76

Rockvrell, Charles H., director Tarrytown, N. Y., private Observatory 664

Rockwell, J. E., assistant at the Berlin Fishery Exhibition 79, 82

Rodgers, Rear-Admiral John, director United States Naval Observatory 665

Rome, Italy, Observatories, reports of 721,722

Rosse, Earl of, director Birr Castle, Ireland, Observatory 674

Routine work of the Institution 8

Routine of summer operations of Fish Commission , 142

Rugby, England, Observatories, reports of 722

Rules for the examination of specimens 107

Riiraker, Dr. Georg, F. W., director Hamburg, Germany, Observatory 697

Rusby, H. H., collections made by 26,49

explorations 26, 49

Russell, H. C, director Sydney, New South Wales, Government Observatory. 727

Russian Fish Commission, articles presented by
. , 135

Rutherfurd, L. M,, director New York City private Observatory 653

Ryder, J. A., contributed to Museum proceedings 41

embryological history of fish 146

explorations by 144

S.

Safe, Herring, presented 70

Saflford, T. H., director Williamstown, Mass., Observatory 671

Saint Louis, Missouri, Observatory of Washington University, report of 662

Salaries, estimated expenditures for 161

Salmon, bibliographic monograph on 145

explorations for 144

planting of 146

SalmonidjB, propagation of the 76

Samples of sea-bottom 59

San Fernando, Spain, Observatory, report of 722

Sanitary drainage, by George E. Waring 36

Santiago, Chili, National Observatory, report of 723

Sawitseh, A., director, St. Petersburg, Russia, Observatory 723

Sawyer, E. F., director of Cambridgeport, Mass., Observatory 631

Sayre Observatory, of Lehigh University, South Bethlehem, report of 627, 662
Schaefifer, Miss P. R. , copyist. National Museum v, 9
Schaeffer, Mr. , embryological history of fish 146

Scliiaparelii, G. V., director, Milano, Italy, Observatory 710
Scientific progress, reports on 181

Schmidt, J. F. J. , director, Athens, Greece, Observatory 673
Schonfeld, E., director. University Observatory, Bonn, Prussia 675
Schott, Charles A., preparation of rainfall tables 3<)
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Schuermami, C. W., assistant supcrinteudent of buiUling "*"'v
Schultz, Herman, director, Upsala, Sweden, Observatory "'........

7:!()

Schiirz, Hon. Carl, member tx o^c;o ,v
Schuster, Carl, articles presented by 2j-

Schwarz, L., director Derpt, Russia, Observatory c^^
Schwerin, Germany, Observatory, report of ~iy\

Scientitic writiugs of Sir William Hcrscliel r,o<)

of James Smitlisou n^
Scudder, C. W., assistant in lisheries 711

Scudder, N. P. , collection made by 14;5

Scudder, S. H. , systematic nomenclature 4

1

Scup, bil)liograpbic monograph on 14-,

Sea bottom, samples of r-,f)

Seabroke, G. M. , director Rugby school, England, Observatory 7'>J

Seagrave, F. E., director of the Seagrave Observatory, Providence, R.I CYJ

Seagrave Observatory, Providence, R. I. , report of G-VJ

Senfteuberg, Germany, Observatory, report of 7'2:j

Serviss, G. P., director of Brooklyn, N. Y., Observatory (527

Sewer, construction of, appropriation for 162

Shad, explorations for 144

Shad-hatching TC>

Shakespeare, Dr. E. 0., on inflammation in arteries :W

Sharpless, Isaac, director of Haverford College, Pennsylvania, Obser\'a-

tory ()42

Shattuck Observatory, Hanover, N. H. , report of (540

Shells, collections of, added to Museum rC)

Sherman, General William T., regent I(i4-165

member of executive committee iv, 157, lf<l

chairman Museum Building Commission Uvi

motions by H>-">, lt>(>

Sherman, Hon. John, member ex officio 1 v

Sherman, meteorologist of the Howgate expedition :U

Shiudler, A. Z., artist. National Museum v,(?

Shippen, Edward, anthropological correspondence •14<>

Shipping agents of exchanges ^^

Sinter, W. , director of Observatory, Wien, Austria 735

Skircoat, England, Bermerside Observatory, report of 0%
Small, E. E., porpoise from •''-

Smillie, T. W.
,
photographer. National Museum v

photograph of Prof. Henry -

photographs by

visit to Luray Cave, Va -l^'*

Smiley, C. W. , in charge of clerical force of Fish Census
J-*

Smith, Charles J., director of Hudson, Ohio, Observatory 643

Smith, H. S. S., director of Lawrence, Kansas, University Observatory 044

Smith, J. J:, contributed to Museum Proceedings 41

Smith, J. S., mate of steamer Fish Hawk - ^•«

Smith, Prof. Hamilton J., soundings placed in hands of

Smith, R., contributed to Museum Proceedings

Smith, Sanderson, connected with U. S. Fish Commission
^ ^^^

investigations ' '

,
Itxt

Smithson and his bequest
^^

funds, condition of
^^

memoir of
^^^.^

scientific writings of
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Smithson's effects collected 3

exhibited in Eegents' room 4

tomb, repairs to 4-165

Smithsonian Annual Reports for 1878 and 1879 42

Smithsonian Building a

elevator 7

facilities of approach 7

fire-proofing 6

iron doors 7

protection of 7

Smithsonian Institution 1

history of 33

officers and assistants v
origin and history of 166

relation to National Museum 6

relation to other establishments 62

Smyth, C. P., director, Royal Observatory, Edinburg, Scotland 690

Smythe, Mr., specimens received from 50

Survey of the Great Lakes 146

Snell, Prof. E. S., barometric observations of, discussion of 461

Soundings, microscopical examination of 59

South America, collections from, for Museum 50

South Bethlehem, Pa. , Sayre Observatory of Lehigh University, report of. .

.

662

South Hadley, Mass., Observatory at Mount Holyoke Seminary, report of 663

South Kensington Museum, courtesy of directors of 62

Special donations 70

Special report of executive committee 150

Specimens collected in New Mexico and Arizona 138

distribution of 17,60,147

examination of, rules for 107

loan of 71

receipts and distribution 139

Speyer, Germany, Observatory 724

Spray, S. J., anthropological correspondence 446

Starbuck, Mr. , history of whale-fishery 145

State Department, co-operation with, international exchanges 14

Stations for salmon-hatching 76

for shad-hatching 76

Statistics and history of fisheries 146, 148

of exchanges ; 16,85

Statue of Professor Henry 2,150,164

Stavanger Preserving Company, articles presented by 135

Steam-heating apparatus for Museum, appropriation for 162

Steam-power employed in hatching of fish 81

Steamship lines for Brazil, Texas, Florida, and Nassau, N. P., grant for free

freight 15

Steamer employed by Fish Commission 142

"Bache," dredging by 140,148

"Fish Hawk" 73,74

model of 81

Stearns, Silas, collections made by 49, 54

exploration by 144

special agent of fisheries 79

Stephan, E., director, Marseilles, F'rance, Observatory 709

1



INDEX. 7G9

Page.

Stephenson, James, explorations 22,62
collections made by 46 48 49 51
report of explorations i;}g

Stockholm, Sweden, Observatorj', rexjort of 724
Stoerzer, Mrs. L. clerk V

translation of letters 9
Stone image from W. H. Latimer 51

Stone, E. J., director, Kadclift'e Observatory, Oxford, England 716
Stone, Livingston, explorations by 144

specimens of salmon 54

Stone, Ormond, director of the Cincinnati, Ohio, Observatory 648

Stonyhurst, England, College Observatory, report of 726

Story, W. W., arrangement with, respecting statue of Professor Henry 150, 164

letter to Professor Baird 151

St. Petersburg, Russia, Observatory, report of 723

Strassburg, Germany, Observatory, report of 727

Street cars near Smithsonian building 7

Stressor, G., director, Kremsmiinster, Austria, Observatory 701

Striped bass, propagation of 76

Strong, Lorenzo, anthropological correspondence 446

Striive, O. von, director Poulkovo, Eussia, Observatory 719

Swan, James G., anthropological correspondence 446

collections made by 47,53,54

contributed to Museum Proceedings 41

special agent of fisheries. . - 79

Swedish Fish Commission, articles presented by 135

Sweitzer, Lieutenant, U. S. A., specimen presented by 54

Swift, Lewis, director of Warner Observatory, Eochester, N. Y 660

Switzerland, Bureau of International Exchange 14

Sydney, N. S. Wales, exhibition, medal awarded to the Institution 19, 66

Government Observatory, report of 727

Synopsis of the scientific writings of Sir William Herschel 509

Systematic nomenclature 41

T.

Tacchini, P., director Eome, Italy, Observatory 721

Talmage, Charles George, director Barclay Observatory, Leyton, England .. 702

Tanner, Lieutenant Z. L., commander of steamer "Fish Hawk" 74

Tarrytown, N. Y., private Observatory, report of 664

Tashkent, Eussia, Observatory 7^^

Taylor, Dr. F. W., chemist of the Institution v,23

chemical examinations 58

report of 1^
visit to Lnray Cave, Va 449

Taylor, William B. , assistant Smithsonian Institution v, 9

Taylor, William J. , anthropological correspondence 447

Tebbutt, John, director Windsor, New South Wales, private Observatory 737

Telegraph, astronomical announcements by 11

companies sending astronomical announcements free of charge..

.

12

Temperature of blood of marine animals 143

of water in relation to movements of fish 145

Temple, W., director Florence, Italy, Observatory 690

Temple Observatory, Eugby, England, report of 722

Tench, acclimatization of 146

S. Mis. 31 49
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Texas, zoological position of ; Museum Bulletin No. 17 39

Tliiele, T. N., director, Kjobenhavn, Denmark, Observatory 700

Thompson, Hon. Richard W. , member ex officio iv
Thorn, H. T., anthropological correspondence 447

Tichenor process of reducing ores of gold 22

Tile fish, observations on 75

Tile-flooring in new Museum 156, 164

Titoomb, H. E., anthropological correspondence 447

Todd, C, Government astronomer, Adelaide, South Australia 672

Todd, D. P., director Amherst, Massachusetts, College Observatory 625

Tokio, Japan, Observatory of the the Dai-Jakee 728

Mombusho, plants from ,56

Tomb of Smithson, repairs to 165

Toner lectures, account of 32, 36

Toiwgraphical relief model of country proposed 20

Torino, Italy, Eoyal Observatory, report of 728

Toulouse, France, Observatory, report of 723

Translation of foreign letters 9

Transportation-department 9

Trevandrum, India, Observatory, report of 729

Trieste, Austria, Observatory, report of 729

Trinity College Observatory, Dublin, Ireland 685

Trochilidae, by Daniel Giraud Elliot 32

catalogue of 41

Troy, N. Y., Williams Proudfit Observatory, report of 664

True, F. W., assistant at the Berlin Fishery Exhibition 79,81 82

Tryon, George W., jr., on strepomatidae 32

Tulse Hill Observatory, London, England, report of 704

Turin, Italy, Observatory 728

Tnrnbridge Wells, England, Crowborough Beacon Observatory, report of 729

Turner, Lucien M., collections made by 47

Turner, Miss J. A., in charge of library v,9
Twickenham, England, Observatory, report of 729

U.

Ulke, H., crayon head of Professor Henry 3

oil painting of Professor Henry 3

photograph of Professor Henry 2

United States Berlin International Fishery Exhibition 80

Cable Company, acknowledgment to 12

Fish Commission 72

account of, by G. Brown Goode 77

collections made by 46,49,54
Fishery census of 1880 77

University of Havana acts as agent of exchanges 15

Upham, E. P., clerk, archaeology. National Museum V
Upsala, Sweden, Observatory of the University, report of 729

Utrecht, Holland, Observatory, report of 731

V.

Valencia, Ireland, Observatory of the London Meteorological Office 732

Valentiner, W. , director, Mannheim, Baden, Observatory 708

Van Arsdale, director of the Newark, N. J., private Observatory 648

Van de Lande Bakhuijzen, H. G., director, Leyden, Holland, Observatory .. 702



INDEX. 771

Page.

Van Vliet, F. C, snrgeon of steamer "Fish Hawk"
_^^4

Varshava, Russia, Observatory, report of - - -

Vassar College Observatory, Pouglikeepsie, N. 1 ., report of
^-^^

Venice Italy, Observatory of the Naval Institute, report oi
^-J

Vercrar'a J. L, director, Quito, Ecuador, Observatory ..._-
'-•

Ver^iU Prof. A. E., connected with United States Fish Commission '4

'

contributed to Museum Proceedings
"J J

estimate of additions to the fauna of Nelw England 144

explorations by
^

investigation of invertebrate animals oe, 14^

monographs by -

supervision of investigations _^'^

Victoria, Observatory (see Melbourne)
-

^^^ il^-

Vienna Observatories (see Wien) '

^,

Vigo, Seuor Don FeUpe Mendez de, courtesy of
^^^^

Vilna, Eussia, Observatory, report of
//."V.V.'.".'.'i58,"l59,'i60, 161, 166

Virginia bonds
'

60

Vodges, Lieutenant, fossils collected by - - - - •

Von Lamont, J., director, Munich, Bavaria, Royal Observatory ^1^

VonStruve, O., director, Poulkovo Observatory

W.
734

Wlihring, Observatory, Austria, see ^ len ....... - - -

Waite, Hon. Morrison R., chancellor of the Instttution .
.

president of the board of regents ^^_^

Walker, Gen. Francis A. , arrangement made with - • - -
•

^^_'^^

Walker, S. T., collections made by
,,,... 82

War Department, flags lent by --
g29

Ward, James W., director of Bnlfalo, N. Y., Observatory
^^

Waring, George E., on sanitary drainage -

^^
Warner Observatory, Rochester, N. Y. , report ot

^^^^

Warsaw Observatory, Russia (see Varshava) . - - -
^^,

Washburn Observatory, Madison, Wis., report ot...----^.--- --

^^
Washington, D. C, United States Naval Observatory, report of

^^^

Washington University Observatory, Saint Louis Mo report of
^^^

Waslokoff, J., director of Warsaw Observatory, Russia
^^^

Water fixtures in museum, appropriation
^""l-

••; --"""^^^y
^^^^ 141

Waters of the United States, investigation of, by the Fish Commissi

Wdss, Prof. Dr. Edmunds, director of Wiihnng Ol^erva y --..---
^^^

Weisse, M., director of Royal Observatory, Krakau, Austria
^^

Wellington, New Zealand, Government Observatory
-

.^^

West Indian antiquities collected by George Latimer
^^

West Indies, collections from, for Museum --• -'"'
23,24

explorations in g(58

WestPoint,N.Y., Observatory, report of ...... --.------
;;;;;;;".;'... 12

Western Union Telegraph Company, acknowledgment to ..-- .--
^^^

Whale Fishery, History of 726

Whallev, England (see Stonyhurst) -.----
__ 60

Wheeler, Capt. G. M., vertebrate fossils from ^.g

collections of fossils
•

^^^ ^^

Wheeler, Hon. William A., member ex ofdcio
'."''."'""'.'.'-'. iv, 164,165

regent 4 j^



'^^2 INDEX.

White, Charles A., investigations ^^'^^^

visit to Luray Cave, Va.,
"

.,q
work to paleontological collections ' cq

White, Surgeon, U. S. N., collections made by [\\[] 46 48^2White Cross line of Antwerp, free freight
'

'

'^^
Whitefish, bibliographic monograph on

European, introduction of ..'

hatching-station

Whitney, J. L., anthropological correspondence '."]
..q

Wien, Austria, Observatories, reports of
."

734 7"'
Wilcox, W. A., special agent of fisheries "-!!7.'.".!!"*.!'.". '

79Wilhelmshaven, Germany, Observatory, report of ....

.'

-o^
Willet Points, N. Y., field Observatory, report of

"

gpqWilliams, Proudfit, Observatory, Troy, N. Y., report of.....'.".'."'."'.'] g64
. Williamson, J. M., anthropological correspoadence 440
Williamstown, Mass., Observatory, report of [,[l r.^-.

Wilna Observatory, Eussia (see Vilna) ,[] j^,^
Wilson, Prof E. B., investigations -"-*..'.".!"!.".'."

50
Wilson, J. M., director, Temple Observatory, Rugby, E'n'g'la'ud!!.'.'.'.'!!

'.".^'.*
722

Wilthers, C. T., anthropological correspondence 440
Winchester Observatory of Yale College, New Haven, Co'nnVrep'o'rt'of 650Windsor, New South Wales, private Observatory 737
Winnecke, A., director, Strassburg, Germany, Observatory 727
Withers, Hon. Robert E., regent

;; ^34 jg^
Wolf, Rudolf, director. Observatory, Zurich, Switzerland '. ' '733
Wood, Dr., physiological research on fever ."."!.".'.'.'!.'."

29 3^
Wood, Rev. Preston, anthropological correspondence. 440
Wood-cuts of Prof Henry 7
.Wood's Holl, Mass., cod-hatching at '.[[[["".

75Woodman, H. T.
, anthropological correspondence [[[[ 443Work done on collections

in museum ^

Wright, S. Hart, anthropological correspondence
'

443Wyoming Territory, collections from, for Museum *..'.'!!.'.'.].".!"..'
49

Y.

Yale College Observatory, New Haven, Conn., report of 650
Yanow, Dr. H. C, collections by 24.
Young, C. A., director of the College of New Jersey Observatories..'.' ".... 657
Young, Clarence B., assistant, Smithsonian Institution

"
y 9

Ypsilanti, Michigan, State Normal School Observatory, report of'. ...... .'

."

'.

'. ] 671

Z.

Zi-ka-wei, China, Observatory ~3g
Zoological position of Texas, Museum Bulletin No. 17 39
Zoology, progress, report on, by Prof. Theodore GiU ..[[ [[][ 33I
Zuui village, census of no
Zurich, Switzerland, Observatory, report of .'

733

o









mmm' S<^cu^

<^ c<^ r^

M««f
n^



f?--,^

- . c^ < <t <r t *^

c C *

c c

<> c or? r

•c<

5r cctc

<:e<:-c< «^v

^^

m^

zc




