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IN T'I' SENATE OF TTIE UN'I'TED STATES,
MAY 30, 18fiS.

Ilsolcrd, That five thou.-and additional copies (of the report of the Simithsonian jnsti-
tutioti It;r tli year eightter-n h.ndhired anll sixty-sveln be pirinted-(-tre thousand for tthe I:ur
of tih- Selnate, and two tlhill<and Ibr the Institution; and that said report be stereotyped:
Prlrtidil, Tlhat the iaggr,'et.i mblx)er Ifil' f.s (f said r!cprt shall not exceed tour lithandle
and fifty, without ilitl1:lltiilns except those furnished by the Institutiou.

IN TE'' HOUSE OF IEPI'ESENTATIVES.
JuNE: 5, 186;.

l'esolrtd, That there be printed five thousand extra copies of tlie rclpot of the Sillitlhsulia.:
Ilm;titutimio-thrlee thousand fir tl:elisoft hs eIJot oeI(, and two thoisa!nd for the hllsttutioi-
and that the same bo stereotyped at the expuese heretofore provided for.



LETTER
OF TIlE

SECRETARY OF TIIE SMITISONIAN INSTITUTION,
CO.MMU'NI('A'TING

TIlE ANNUAL IREPORT OF TIE OPERIATIONS, EXPENDITURES, AND CON-
DITION OF T11E INSTITUTION FOR THE YEAR 1867.

SMITHSONIAN INSTITUTION,
Tyashignton, Mayi 29, 1868.

SIn : In behalf of the Board of Regents, I have the honor to slu,-
mitr to the Conlgress of the United States tlhe annual report of the

operations, expenditures, and condition of the Smithslonian Institution
for tle year 1867.

I have the honor to be, very respectfully, your obedient servant,
JOSEPH IHENRY,

Secretary Smiti/soici Institution.
Hon. B. F. WADE,

President of the Senate.
Hon. S. COLFAX,

Speaker of the House of Representatives.
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SMITHSONIAN INSTITUTION,
S II 0 W I N

THE OPERATIONS, EXPENDITUREIS, AND CONDITION OF TfIE INSTITUTION
FOR THlE YEAR 1867.

To the Senate and Ilouse of Represetataives:
In obedience to the act of Congress of Anlgust 10, 1846, establish.

ing the Smithsonian Institution, the undersigned, in behalf of the
Regents; submit to Congress, as a report of the operations, expendi-
tures and condition of tlhe Institution, the following documents:

1. The Annual Report of the Secretary, giving an account of the

operations of the Institution during the year 1867.
2. Reports of the Executive and Building Committees.
3. Proceedings of the Board of Regents.
4. Appendix.

Respectfully submitted.
S. P. CHASE, Chancellor.
JOSEPH HENRY, Secretary.
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PROGRAMIMEI OF ORGANIZATION

OF T1re

SMITISONIAN INSTITUTION.

[PRESENTEDI IN TIE i;FISqT' ANNUALRIPOIRT OF THIE SECRETARY, AND
ADOPTE'D BY TIlE lOAIRDI)OF EGENTS, DECE1BE 13, 1847.]

I N T R O D1) U CTI' 0 N.

General conlsi(eraltionls wltlich sioul(d servet(s a guide iin adoptilg a Plan
(f O)laninhalioln.

1. WILL Ol SMTTHSONT. Thli propertyy is lbequeatlled to the United
St;itcs of America, "to f)ounid at Washington, under the nalllO'of the
SMI'THSONIAN INSTITUTION, ln establishmeliintc for the increase (and diflii-
siol of knowled(lg among men."

2. The bequest is for the benefit of mankind. The government
,f tlhe United States is merely a trustee to carry out tho (design of
tle test:tor.

3. The Institution is not a national establishment, as is frequently
sIlpposed, 1but. the establishment of' anl individual, and is to beallandl
perpeltulte his namo.

4. lThe objects of tho Institution are, 1st, to increase,, and, 2d, to
(in'fuse knowledge among men,

5. ljhe(se two objects should not be confounded with one another.
The first is to enlarge tho existing stock of' knowledge by the addition
of new truths; and tlle second, to disseminate knowledge, thus in-
creas.ed, among men.

6. The will makes no restriction in favor of any particular k;illd of
knowledge; hence all branches are entitled to a share of attend tioin.

7. Kliowledge can be increased by dliflerent mnetlods of' facilitating
and11 promoting the discovery of' new truths; and can bo most cxten-
sivelyv diltlsed aoilnlg men by means of' tie press.

8. T1o effect tihe greatest amounllt of' good, tlie organization should
he such as to enable thie Institution to produce results, in the way of
increasing :and ditil'isi lg knowledge, which cannot be pl)rodlucedl ithlier
'it ;1 or so e(fliciently by tlie existingg institutions ill ouil countryy.

1. 'l'ie organizations should also be suclh as caii be adopted provi-silll;ll\, ; cian be easily reduced to practice; receive modlificationls, or
1be; albandoned, in whole or in part, without a sacrifice of' thl ftuiids.



PROGRAMME OF ORGANIZATION.

10. In order to compeI)nste. ill some measure, foi' the loss of time
occasioned by the delay of eight years ill establi.lis gLlitl Institutioln,
a considerable )portion of' tle ilntrest which has accrued should bL
added to tlte principal.

11. l I proportion to tlhe wide field of kiowlcdge to be cultivated,
tle fulnd;s are small. Economy shl,,uld(, therefore, be consulted ill thli
construction of tlie building; and llot oinly tile first cost of the edifice
shouldll be consideredI, but also tlic conitiitual (expense of keeping it in
repair, and( of the support of the establishlien t necessarily connected
witll it. I'lhlre should also be but f'ew illdividua;ls pelCI11rmantly su1p.
lprted by tihe Inlstitutioll.

12. 'Thelo plan and dimensions of thle building should be determined
by tie plan of the organization, tian lnot tlie converse.

13. It should be recollected tliat imaiikinld ill general are fo be
b)cefited 1by tlie bequest, a tt,tallrtelt,t ieoe, ll uIiIce'ssary expelnd.
iturioe ii cal objects would be a perversion of tlhe tlrust.

14. Besides the foregoi)ng considerations, deduced immediately 1ronin
the will of' miithson, regard must bie had to certain requirements of
the act of Congress cstablishlilng tle Institution. These are, a. library,
1a museum,1and a gallery of art, witli a building on a liberal scale to
contain them.

SECTION I.

Plan of orga torgizti ' the Institution in accordance with the foregoillj
(dductio)sf,;'om the will of Smithson.

To INCREASE KNOWLEDG(E. It. is proIposeI-
1. To stimulate men of talent to make original researches, by offer-

ing suitable rewards for memoirs con)tainiiig new truths; ald,
2. 'o :rol)pl)lri;ate a.i ally a portion of the ilcolme for particular

researches, luder the direction of suitable persons.

To DIFrFUSE KNOWLEI)GE. It is prop)oscd-
1. To publish a series of periodical reports on the progress of the

different, branches of knowledge; and,
2. To publlish occasiulnally separate treatises on subjects of gecieral

interest.

DETAILS OF THEll, PLAN TO INCREASE KNOWLEl)GtE.

I. By stimulating rc'searc'ls.
1. Facilities aff orded for tlhe production of original memoirs on all

branielles of' knowledge.
2. 'l'lic memoirs thus obtained to be pullllished in a series of vol-

Iinmes, il a quarto fori'l, and1 entitled Smithlesoiatn Contlrilbutiols to
Knowledge.

3. No memoir on subjects of physical science to 1e accepted for
publication which does not furiisl a positive addition to hiumanl

8
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knowledge, resting on original research; and all unverified :pcula-
tions to be rejected.

4. EIach Imemoir presented to tile Institution to be submitted for
ex:;ilnatioll to a commission of persons of' reputation for learning in
thi brancllh oito which the me1oilr pertains ; anl to b accepted for
publication only in case the report of this commission is favorable.

5. I'lh commission to be chosen by the officers of tlhe Institution,
.1j l tle nalmlU of the author, as ftr as practicable, concealed, unless
a favorable decision is made.

6. The volumes of thleo memoirs to be exchanged for the trans-
actions of literary and scientific societies, land copies to be given to
all the colleges and principal libraries il this country. Onle part of
the remaining copies may be offered for sale, andtile other carefully
preserve(l, to form complete shots of' tle work, to supply the demand
Jioll newv institutions.

. An abstract. or popular account, of the contentsof these memoirs
to be given to the public through the annual report of the Regents to
Congress.
II. By appropriating a paLrt of the income, annually, to special objects

of research, under the direction of suitable persons.
1. The objects and tlie amount appropriated, to be recommended

by counsellors of' the Institution.
2. Appropriations in different years to different objects; so that in

course of' time each branch of knowledge may receive a share.
3. 'The results obtailled( from these apl)lropriations to be pbl)blished,

\'itlhi tlie memoirs before mentioned, in tlle volumes of tile Smlith.
solia;n Contributions to Knowledge.

4. ExIamples of objects for which appropriations may be made.
(1.) System of extended Ineteorological observations for .olvilng

the problem of American stormins.
(2.) EIxplorations in dlescriptivO natural history, and geological,

nim;et'ical, and topographical surveys, to collect materials for tlie
f;,rlIl;ioll of a lPhysical Atlas of' the Unitled States.

(;.) .Sollution of exp)e rimllental0tl prollelns, such as a lnw determine na-
tio,of(' tlh weight of tlie earthly, of' tle velocity of' electricity, and of
light; chemical aalllyses of soils and plants; collection and pullblica-
tioli of scientific facts accumulated in the oflics of governmei'i t.

(-1.) Institution of' statistical inquiries will reference to physical,
moral, and political subjects.

15.) lIistorical researchles, and accurate surveys of places cole-
hrated( in American history.

(6.) E'tl biological rese;urch1.o, pa)rticulalIrly witlh referJIIrenc1 to tlhe
different races of men ill North America ; also, explorations 1an(1 aC-
cuirate surveys of' tile mounds and other remains of' tile ancient peopleof' o011 country.

9
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DETAILS OF TIlE PLAN FOR DIFFUSING KNOWLEDGE.

I. By the publication of a series of 'reports, giuvijy a(n account o/' thelwne
discoveries in science, and of lhe chlanyes mode .['om year to year in
all branches of knowledge not strictly profies.ional.
1. Tllese reports will diffuse it kind of knowledge generally in.

teresting, but which, at present, is inaccessible to thel public. Sorln
of the reports nmay be published annually others at longer intervals,
as tlhe income of tlhe Institution or tlhe changes ill thelIranches of
knowledge may indicate.

2. T1he reports are to be prepared by collaborators cmilnent in tho
diflerentl branclies ot knowledge.

3. Eachf collaborator to bc furnished wfitl thio journals and public.
cations. domesticc aid(l foreign, necessary to tlie compilation of(his
report ; to be a:id a: certain sum1 for Ilis labors, and to be named on
the title-page of tlhe report.

4. The Ireports to be published in separate parts, so tliat persons
interested ill a particularbIranchc cianprocure the parts relating to it
witlihout purchasing tlie \wliole.

5. rTlese reports may be presented to Congress, for partial distri.
bution, tlie remaining copies to be given to literary a11d scicultilic inl
stitutions, anid sold to individuals lfor :a moderate price.
The following ar'e some of' tlle subjects wllich may be embraced il

tlio reports:'
I. PHYSICAL CLASS.

1. Physics, including as.tronIomy, natural 1lilosophly, chemistry,
land lmetorology.

2. Natural history, including botany, zoology, geology, &c.
3. Agriculture.
4. Application of science to arts.

II. MORAL AND POLITICAL CLASS.

5. Etlhnology, including particular hii story, compIarative pllilology,
antiquities, &c.

G. Statistics and political economy.
7. Mental alnd moral philosophy,
8. A survey of' the political events of tlie world; penal refo1rmn, &C.

III. I,I'TEIlATUIZ E ANI'ITE FINE ARTS.

9. Modern literature.
10. The flil e arts, and their application to tile useful arts.
11. Biliograpl)hy..
12. O iltualry notices of (listilguisll.led itldivilduals.

II. ByI the publication o' s(epa.rrra: treati.se.s on .s'decst Of generall interest.
1. Trl'le treatises mayoccasionally consist or vf'luablo memoirs

translatt(ted fl'OlmI fo, ignl)gualges, or of artiticles prepa;redt utinde1:r tlho
This part of the plan hiis been bllt partially carried out.
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direction of the Institution, or procured by offering premiums for the
best exposition of a given subject.

'. T'he tretises slloullld, il all cases, be submitted to a commission
of competent judges, previous to their publication.

3. 'As examples of these treatises, expositions may be obtained( of
tlhe present state of tlle several branlces of knowledge mentioned in
tlo table of reports.

SECTION II.

Plan (' ofrgln'l nation, in accordancce with the lertws of te resolluions of
lt(, Boerd o' I'Rlcentls providinly for the two modes (of increasing and
(lii'J'.siJy klnowled(ye.
1. 'The lact of Congress establishilig tle Institution contleplated

thi formation of a library uand a museum ; andtl the Board of Regents,
including these objects illtile pl)an of organization, resolved to divide
tle. incoimeC* into two equal parts.

2. One part to 1b alppropriated to incrcaso and diffuse knowledge
1b means of publications and researches, agreeably to tilhe scllchio
l}blrl'e given. Tlhe other part to 1bo appl)opriatted to the formation
ofa library and a collection of objects of nattrce and of art.

3. 'T'lese two plans are lo(t incomlpatible witll one another.
4. T' carry out the plan before described, a library will be1ro

quiired, collsisting, 1st, of a colmpleto collection of tihe tranlsactiolns
a;il proceedings of all tile learned societies in the world; 2d, of tlo
11iircl illmportanlt current periodical publications, and other works
L;cces.-:alry ill preparing tlie periodical reports.

5. 'T'l Institution should Imake spl)cial collections, particularly of
objects to illustrate and verify its own publications.

G. Also, a collection of instruments of research in all branches of
experilmentall science.

7. Withl rfcrence to tile collection of books, other thal those
mentioned above, catalogues of' all tlle differeClt libraries il tlio
United Sta;tes should be procured , ill order that tile valuable hooks
first lpurcli;ased may be such as are not to be found ill tlie United
States.

8. Also, cataloguces of me ,ofoirs, o oks and otller materials,
shouhl be collected ior' rendering tile Ilnsitutiotill a cclltre of )ib)lio-
graphilical knowledge, whenlce tihe studetit mIay b directed to ally
work which lie ma;y require.

9. It is believed that tile collections ill natural history will increase
by doila;tionl as rapidly as tlie incono of'lile stli littittion canl make pr'o-
visioln fir t heir receptions, lad,t therefore, it will seldom be neces sary
to Illtrcllase aIrticles of this kind.

10. Attiiempits shiouild bLoe m,111 to procuri'e f'or tihe gallery of art
cats of tlhe Ilmost celebrated articles of' allc'iient ald11n(oderni sciulptill(e.
"Tl'iThe it iitt of the Smiiithsollial rbejlstt rc'Civted into tile f't-.asury oif the

I'niteld Slat;lt.s is .. ......... ......... ............. ... ...... .... 515, 1I ;! f0)]ilt-!eil olI tile .sai to.Jiily I, 1-1;, (dcvtero to lt'rtiret l l 1 ( i,m t i illitil ) 212,1'21) ti»)
Aniual income trom thie ibeque.st ................... ...... .... ............. :i), )10 11

11
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11. The arts may be encouraged by providing a room, free of ex.
pcnse, for the exhllibition of the objects of the Art-Union and other
similar societies.

12. A small appropriation should annually be made for models of
antiquities, such asl tlose of the remains of ancient temples, &C.'

13. For the plresen)t, or until thle building is fully completed, be.
sides the Secretary, no permanent assistant will be required, except
one, to act as librarian.

14. The Secretary, l)y the law of Congress, is alone responsible to
the Regents. lie shall take cllarge of tlie building and property,
keep a record of proceediligs, discharge thel duties of librarian and
keeper of the miuscumti, and may, with the consent of tloe Regents,
emlploly assislants.

15. Tlie Secretai'y and his assistants, during the session of Con-
gress, will be required to illustrate new discoveries in science, and
to exhibit new objects of art. -Distinguished individuals should also
be invited to give lectures on subjects of general interest.

This programme, which was at first adopted provisionally, hias be.
come the settled policy of the Iistitution The only material change
is that expressed by the following resolutions, adopted January 15,
1855, viz:

Resolved, Thlat tile 7th resolution passed by the Board of Regents,
on tile 26th of J;tiiuary, 1847, requiring an equal division of' the
income between t le active operations alnd the museum and library,
when tile buildings are completed, be, alld it is hereby, repealed.

Icsolved, ''llhat lereafter the annual appropriations shall be appor.
tiorned specifically among tile different objects and( operations of the
Institution, ill sIuch man111 er as may, in tlle judgment of tile Regents,
be necessary tanl( proper o each, according to its intrinsic import.
ance and a compliance in good faitli with tihe law.

12
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OP

THIE SECRETARY, PROFESSOR HENRY,
FOR

1 867.

To the Board of Regents of the Smnithsonian Institution:
GENTLEMEN' The close of the year 1866 completed the second de-

cade of the actual operations of tlie Sinithlsonian Institution. It was

chartered in A.gust, 1846; though bIut little more was accomplished
luring that year than a discussion of plans. and the appointment of
the Secretary, the principal executive officer.
On tlIus commenc(ing a new decade in the history of the Institu-

tion, we may pause a few moments to recall some facts relative to
the character, the acceptance, and the administration of theledow-
menit of Smitlson, which it is important always to keep :. view.. This
will be evident when we reflect on tle changeable character of tile
bodies constituting the guardians of the trust. Not a single Regent
onl the list of those originally appointed is now a member of tlie board,
and indeed, witl perhaps one single exception, all tlie members of
Congress and tlhe principal officers of the general govern ment have been
clanged, and in some cases many times in succession. Under these
circumstances it becomes desirable that frequent reference should be
had to tlhe original principles on which the Institution was founded,
as well as to those on which its af;lirs are now conducted.
The endowment was one of no ordinary character; it was confided

to olir government not by one of its own citizens, but by a distin-
guisiied foreigner, the scion of an ancient house renowned for its
achievements in English history. It was inot given in trust to our
government to be disposed of for the exclusive benefit of a portion
of our own people, or even for that of the whole nation, but in belialf
of the general family of mankind, for the benefit of men of all coun-
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tries and of all times. It was not restricted in effect to the diffusion
of a knowledge of old truths, but primarily designed for the exten-
sion of tlie boundaries of thought by tle promotion of the discovery
of new powers of nature, of newpprinciplesalnd new laws of tlhe ni.
verse. Nor was tile acceptance of the trust an ordinary occurrence,
It became a constitutional question whether tle Congress of the
United Stales was legally authorized to assume the responsibility and
discharge the duty of a trustee for sucli a purpose; nor was it until
after tell expression of many doubts as to tlhe result, that the accept-
anco was finally resolved on. Again, one of our most distinguished
citizens, Hon. Richard Rush, who liad previously represented our
government at the court of St. James, was chosen as the agent to
effect a transfer of thl funds to this country, 1and this lie w\as enabled
to do without the delay of protracted legal proceedings, through the
courtesy of tle court of chancery il granting a decree to tllat effect,
after a ncere formal suit to satisfy the requirements c,f law.
A trust of so novel a charact.,r, confided by at prominent citizen of

England, lnot to his own government, but to that of tlhe United States,
could not fail to attract general attention and place in a, conspicuous
-lglt before the world, tlle integrity, intelligence and executive
ability of tlhe party accepting an office of so much responsibility and
difliculty as that of th trustee of this endowment.

'The obligation became more impressive ill consideration of tlie
fact tlhlt tlie trust was accepted after tlle decrease of him by whom it
was confided, and who could, therefore, give no further indications of
lis intentions than those expressed in the terms of his will. It was,
consequently, of thle first importance that these terms should be critically
studied, logically interpreted, aind the intentions deduced from them
be strictly lfllowed. U"" ';:a.tcly, Ihowever, atl ethe tile tlhe be-
quest wa's accepted, tlih,,rlli, at large were so little acquainted with
the distinctions of science, or so little regardful of tlie precise ideas
to be attached to the terms whicl it employs, that it is scarcely a

matter of surpris; that tlh intention of Smithson, as expressed by the
words "for tile increase land diffusion of knowledge among men"l
should have been misinterpreted, land that the act of Congress organ-
izing tile Institution shouldI include provisions which have since been
generally recognized as incompatible with tihe leading objects of the

bequest.
It is, however, a sacred duty on the part of tle government,

which it owes to its own character for candor and equity, to cor-
rect, as falr as possible, any) errors whllich mInapprehension or imd-

14
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vcrtence mayn'l. o engrafted on its legislation, and to remove any
burdens which may have been injuriously imposed on tlio endow-
tmet; and we doubt not from what has been done in tle last few
years, that. Congress will illdu time fully vindicate the integrity of
its purposes, and enable the legacy of Smithson to perform all tlh
good which his most ardettdesir could have anticipated.

It has been evident from the first that it wants tile intention of Con-
gress to (deal not only' justly but liberally witil the Institution. It
restored tile fund with interest when temporarily lost by a loan to
0110 of the western States,land provided for its subsequent security
!b (lecllaring it forever a deposit in the treasury of tlhe United Statls,
on which six per cent. i:lterest, payable semi-annually, should be
allowed. It furnished from the public domain grounds for a spacious
park. as well as a site for a large buildirig; and to increase, as it was
thought, its popularity, thle new Institution was made tlhe custodian of
the nation-l museul'.n. ThIese acts, though prompted by a liberal
spirit. proceeded on theerroneous idea thel prevalent, tllat the intet-
ti:,n1 of Smiitlhson could be properly carried out by an institution coln-
.istinlg of objects of a materiaiIal local character. IFortunately, how.
ever. Congress (id not restrict tle expenditure ofttle income of the
fundi to these, but allowed tlhe Rtgent; at their discretion to devote a

portion of it ill such other l1an11ner as in their opinion might be best
fitted to carry out the intentions of tile (donor.

;Aft!r much (leliberat ion,, with a view to reconcile conflicting opin-
ions, ian arrangement was effected by which two distinct systems
Werre provisionally adopted. Tl'e first of these which was illcillded
ill thte Jaw of organization, colntelplated the expenditure of the in.
come in the formation and embellishment of ani extensive park, or
pletsuire ground, in whicli rIare and ornamental trees and shrubs of
(lilffrent species should be cultivated; ill tle erection a<nd miainte-
ln'ice of a castellated building, which, from its dimnelsions Iand im-
posing archlitectural design, should be1an ornament to tlhe city land a

mlonumlenet to the foundler; ill tilo formation of a gallery of art in whicl
should be exhibited choice specimens of painting, sculpture and en-

graviling; ill the establishJment of a library co;w;istingr of works on all
subjects; and, fiaIIll!, inl tlie support of a lI:ItionI;l 11111sen111 conltailning
tlh collections of tlhe United States E.xplorinll Expedition, anld all the
Specimens that might be accumulated from otlier sources f)or tlhe illus-
tration of all branches of llatlural history, geology, ethlology, etc.

TliI o1.bjects ilnchlle(l ill this system are all in themselves highly
in terc sting,gIand very desiratloe for the embellislilmnt anlr intellectlual
improvement of tleCcapital of the United States;, but they are not in

15
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accordance with the will of Smithson, and fail entirely to realize his
higher and more comprehensive conceptions. They do not serve to
"increase knowledge," or, in other words, to add new truths to the
existing stock; nor do they " diffuse knowledge among men," since
they are local in character, and fail to promote the general welfare
of mankind. Neither could they all be properly supported from the
limited income of the Smithson bequest. A library, and more
especially a museum, worthy of the nation, would, either of them,
in time, absorb the whole of the annual income.
The other system, above referred to, or that which has been

denominated the system of active operations, was suggested by the
desire to strictly realize the intentions of Smithson, both as regards
the increase and the diffusion of knowledge; and this it was proposed
to effect by instituting experiments or researches in all departments
of science; by making explorations relative to geology, natural his.
tory, ethnology, and meteorology, and by diffusing an account of the
results of all these, through the press, to every quarter of tile globe.
It further includes in its design tile collection and labelling of large
numbers of duplicate speciinelns, to illustrate the branches above
mentioned, not merely to be deposited in a national museum, b)ut,
also, to 1be distributed to colleges, academies, and other establish.
ments, for educational purposes; and, lastly, embraces in its plan an

extended arrangement for international exchanges, through which
the discoveries of science and tile products of literature of the old
and tnw worlds, become tile common elements of intellectual pro.
gress. This system, whicl is immediately suggested to tlose familiar
with scientific language, by the terms of tlhe bequest, is a living,
active organization, calculated to produce, unceasingly, results of
which the value will everywhere be known and be prolcrly appre(
ciatel. It was not, however, adopted, even provisionally, as a

prominent feature of the organization without strenuous opposition,
particularly on tlle part of tl)e advocates of the proposition to apply
tlh Smitlson endowment to found a national library. Indeed the
ideas wlhiclh it involved were in advance of tile times. That an

institution could be established whlich might have 1an important bear.

ing on the welfare of tlie world without the adventitious aid of pal.
able objects, was not generally comrprehended.

But though restricted in its operations by limited resources and
subjected to popular opposition, tile system las proved in its opera-
tion to be eminlently practical, anid has established for tile Institution
a reputation as wide as civilization itself. It has connected tile name

of Smithson witli tile progress of almost every branch of science, and
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has thus furnished the means of perpetuating his memory far more
effectually than could be done by architectural or other local monu-
ments, however ample in dimensions or comprehensive in design.

Instead of being, as has been supposed, adverse or neutral as
regards the interests of the city of Washington, it has given it a
reputation as a centre of scientific operations, and has led to a series
of improvements which, in time, cannot do otherwise than promote
its renown and add to its prosperity. It does not oppose an antago-
nism to the local objects before mentioned, but seeks to establish
them on a more liberal scale by other instrumentalities. While it has
distributed its publications and specimens with unprecedented liber-
ality, it has been fully repaid with articles of a. similar character.
Through its exchanges it has collected a library of scientific refer-
enice superior to any in this country, and equal to any which can bo
found abroad. A s soon as Congress shall'furnish the means of support-
ing a national museum, it will supply this with all the foreign and
domestic specimens necessary for comparison and illustration.

'Th1 two systems, at first carried on harmoniously, though in a
limited way and not without mutual embarrassment, were soon
furld in practice to be radically incompatible with each other. As
it was impossible suitably to control the expenditure on the local
objects, it has been the constant policy of the Directory of the Insti--
tntion to obtain relief from these burdens. It was in accordance with
this that thle government was solicited to resume the care of the
grounds, on which had been expended annually a considerable por-
tion of the income, and to make these grounds part of a general
park extending from the Capitol to the Potomac. It was for this
plr)ljose that the Institution was instrumental in procuring the ser-
vices of Mr. Downing, whose plan of the grounds in question would
have been completed had not the work been interrupted by his un.
timely leatlh. This work, wo trust, will soon be resumed under
morIe I '.vorable auspices.

It w\as also in accordance with the policy under consideration that
tlic valuable library which, from its rapid increase by exchanges, had
already exceeded the means at the disposal of tlhe Institution for its
support, was incorporated with that of Congress.
Ilappily tlie necessity for supporting a gallery of art has been ob-

viated by the enlightened munificence of a citizen of Washington, W.
W. Corcoran, esq., who has erected a building and made provisionfor the support of such an establishment to which the collections in
this department already formed by the Institution may be trans-
fcrred.

2s

17



REPORT OF THE SECRETARY.

Tlie next important desideratum i. tlho relief of the fund of Smith.
son from thle gr.atet: of all the burdens which have been imposed
upon it,that, namely of the expense involved in the care and exhibition
of tlie national mu:;seumll. For carrying on the active operations a

building not to exceed a cost of seventy-five thousand dollars would
have been amply sulnicicnt. both in regard to t l accommodations neces.

sarily required and t le architectural embellishments which might be
thought requisite for such a structure; 'while the present building, the
erection o'fwhliclh was especially urged onl the ground of' tle necessity of
providing accommodations on a liberal scale for a national museum
and library, has cost to the present time $450,000, or, in other words,
besides the $240,000 of accrued interest originally appropriated to
the building, an outlay of riot less than ten thousand dollars annually
for twenty years has been devoted to the same purpose, and this ex-
penditure must, without the relief desired, be not only continued
but increased for years to come.

Though great advances have been made in the favor with which
the Institution is regarded by the public, and tlhe increased facilities
which have been afforded by tlie transfer of the objects we have
mentioned to tie care of government, yet tlhe absorption of the income
by the museum and the building is so great and accelerative that
unless Congress, in justice to thle trust, takes upon itself the charge
of' these objects or provides for their maintenance tlhe active opera.
tions must be greatly diminished in efficiency, if not ultimately
abandoned. The reputation of the Institution and of tlie country is
however too much involved in tlie contilnlance of' tle active operations
to allow them to be abolisLed or even restricted. Every academy, every
college, every lyceum in tlio United States, as well as all the literi;ary
and scientific institutions of EIurope, Asia, and even those of Africa
and Australia, are interested in tlie continued success of the system.
Fuirtlermore, it be truly said that to devolve the care of a national
museum on the Smiithson fund is not only aln act of injustice to the
beqluest, but is at once injurious to the reputation of tlhe institutitin
land that of the government, since tlIe means which tlie former can
devote to fIlsI).l rposc after def'rayirg other expenses are entirely y ilade-
quate to tle sul)port of a museum entitled to tlhe name of "Inational.'
A public museum, l)roperly organized as a means of popular elduca
tion, or as an aid to the advancement of sciece, should not only be
furnished with extensive apartments for tlme proper accommodations
and exhibition of tlhe articles, to be increased from time to time, but
it should also be provided with several professors, each learned in a

special branch of general natural history. Sd extended have these
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dcpartmentsofsciJnce becomeI1t hat noon individual can b pr'ofoundly
acquainted witllmore than one or two of them; hence, in order that
a director should properly per[frm thle duties of a curator of an

estal)lish)mcn t of tiis kind, lie should have a corps of learned assistants.
For example, for the preservation and practical use ofan herbarium, the
constant attendance and supervision of a botanist is requisite, wlhose
duty it will be to classify thle specimens. to render them unassailable
by insects, to arrange them for study or exhibition, and to be always
present to assist those wvlio may desire to examine them, either for ele-
mentary study or original research. Without a number of assistants in
the line of natural history, a museum must principally consist of :mere
articles of curiosity, of comparatively little use in thle way' of valuable
instruction. It is evident, however, that a corps of sluclh 'ssistallts,
supported on permanent salaries, in. addition to the other expenses of
the museum,)would soon absorb tlo whole of the Smitlhsonl incotmle.
What has been said has reference merely to the impropriety of

attempting to maintain a museum worthy of thle nation at tlhe expense
ofthe Smithson fund, and is not intended to disparage tle value
of a complete representation of' the natural products of America, with
such foreign specimens as may be required for comparison and gene-
ralization. Tlllis wo think of great importance, particularly as a

means of developing andr illustrating our industrial resources. as well
as of facilitating tlhe study of tll relations of our geology, mineralogy,
flora and ftaunal to those of tle old world a(nd, indeed, thle wants of' the
government appear to demand a collection of this kind, since tile Med-
ical Department, the Agriculturall Department, and the Geneoral Ltand
Ollice are eacl rapidly accumulalitiing articles of illustration, and lilld
the necessity for tle permanent emplloymllln t of persons well skilled inl
the branches to which their' specillens pert.ainl. With t ilese tle
national Imuseum, of a general character, would maintain relations of
co-operation an(d minntulal assistance.

It will be acen iln previous reports, that from the first, inl order to
Compensate in some degree for tIle great outlay on local objects,
Imeasuirs were adopted for tile increase of tile capital of tlie endow-
ment. 'These principally consisted ill deferring the completion of'
tlhe building for a series of ycars, and in tlie meanilwhlile inlvesting
the money appropriated for its construction, as well as a portion of
the anlnial income, saved lby judiciols anid economical mannagmeclt,
ill government and State stocks. '1'lese stocks, however, were not
peIrmIanellt.lv secured, and were in d(angelr of being disposed of immju-
diciously, upon casual or inadequatee considerations. It has, tlecre-
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fore, been a matter of solicitude to obtain for them a permanent
investment.

In view of this, a petition was presented to Congress by the board
of regents, asking permission to make additions to the principal of the
Smithson fund. This petition was granted by the act of February 8,
1867, allowing the regents to increase the principal in the treasury
of the United States, by savings, donations, and otherwise, to any
sum not exceeding a million dollars, the additions to be subject to
the same conditions as the original bequest. In accordance with this
law tile regents authorized the sale of all the stocks owned by tlle
Institution, excepting those of Virginia, and the application of the
proceeds to the increase of the principal to $650,000, which amount
is nowt the permanent fund of the Institution. In addition to this the
Institution has $72,500 in Virginia State bonds, the marketable value
of which is about $30,000.
The fund first paid into the treasury from the Smithson bequest

was $515,169; the remainder of the legacy, which had been left in
England as the principal of an annuity to the mother of the nephew of
Smithson, was $26,210 63, making in all, from the bequest of Smith.
son, $541,379 63. The capital has, therefore, been increased
more than a hundred thousand dollars, notwithstanding the expendi-
ture of $450,000 on the building.

It will be seen by the reports of the building committee and archi-
tect, that the main building of the Institution, which consists of a

large central edifice, 200 feetlong, 50 feet wide, with two projecting
towers and a middle space in front, and a single large tower il tle
rear, to which portions the damage by fire was principally confined, will
be entirely restored in the course of a few months, witl tile excep-
tion of the large hall in tle second story. These parts of the building,
in which it is proposed to deposit the more valuable collections, are

entirely of fire-proof materials. Tlhe cost of this reconstruction will
amount to $125,000, exclusive of that of tile fitting up of the large
,room just mentioned. Tihe accommodations which will be afnbrded are

amply sullicient for tile active operations of tile Institution for all
cooling time, and also for tile museum, provided but few additions be

made to the number of specimens exhibited; but if tlhe increase be
*continlued-and it is almost impossible to prevent, even if desired,
tile growtll of lan establlishment of this kind-tle completion of tlhe
main hall andl tile fittillg it up with cases will become necessary, at
an expense of at least $50,000. Tle other parts of the building,
namely, the two wings and connecting ranges, with six towers, will
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also require, in time, for rcllndering them fire-proof, a further cst of
not less than $50,000.
The question then occurs, from what sources are the funds neces-

sary for tills purpose to be derived? Fortunately the p)ertmanclt.
capital of the Institution is now secure and cannot be explendled. T'lle
income, however, which, in justice and good faith, ought to be applied
to tlie increase and diffusion of knowledge among meIn," .should not
be mortgaged, as it were, for years to come, in providing accommoda.
tions for the government collections. Surely tile intelligence of the
general public and the moral sense of the community will jiistify
Congress in making separate provision, on a proper scale, for the
support and extension of a government museum.
The large drafts upon the income since tlie fire an(d tie higl! prices

of labor and materials have interfered witli as vigorous a prosecu-
tion of tile active operations as sexemplified in previous years, landl
Imve induced us to discontinue soie enterprises in wliich we were
engaged, and to postpone otllers until a more favorable opportunity.
It will be seen, however, by the following report of the operations
of the Institution for the past year tlat much has. )been accompllished
in tle way of sustaining and advancing the reputation of tl)e estab-
lislhment:

Publications.-Tho greater part of the expenditures on publica-
tions during the past year hias been for the printing andl paper of
an edition from the stereotype plates of volume XIV of tlle Contribu-
tions to Knowledge, and volumes VI and VII of thle Miscellalneous
Collections. ''These volumes had been published in previous years in
a sufficient number of copies to supply foreign exchanges, but owilng
to tile large demands oil tlie income of tlie funds oil accolu t. of tlie
repair of the building, we were unable at tho time to (listributo
copies to American libraries. The edition which ]as now beeCn
printed will, however, serve to 1make up all our deficiencies ill tlli
respect.
The articles contained( in vlume XIV of thle Contributions are:
1. Discussion of tlie Maglletic tan1d Meteorological Observations

made at tlie Girard College, I'hiladellphia, by Prof. A. 1). Bacie.
Parts 7-12.

2. On1 t1e Construction of a Silvered-glass Telescope, fifteen and
a Ihalf icllies in aperture, and its use in Celestial Plhotograpyll, by
Irof. IIenry Draper.

3. Palheonltology of tlie Upper Missouri, by F. B. Meek and F. V.
Hayden. Part 1.
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4. Cretaceouls Reptiles of tfle JUnited Statest, by Dr. Joselph Leidv.
'l'te cOiIten ts of volltie AV I of tile MisicellaneoIus Collections are:

1. Monograph of' thie I)piterl of NorthI America, by II. Locw.
Edit{:el ,1y Baron R.t Ostensacken. Parts 1 and 2.

2. List, of llie Coleoptera of North America, by Dr. Jio. L. Le
Conte. Part 1.

3. New Species of Nortl Anmerican Colcoptera, by )Dr. Jno. L.
Le Conte.

Volillne VII, Miscellaneous Collections, contains:
1. Mollograpll of tlIe Bats of Nortli America, by II. Allen, M. 1).
2. Land anid Fresh-w\ater Siells of' North Almerica. Part 2. Pul

monata, Lillinophil, and Thl]lassoph)lila, l)y W. (. Binney.
3. IJlnd and( FIreshl-wI\ ter Shells of Nortli America. Part 3. Am-

1,ll;arii(ld; , N\:alvalid.e, Viviparidle, PI'resll-water Rtissoiide, Cyclo-
phoridelu, Truncatellid, Fresllh-water Neritidni, Helicinidte. By W.
G. Bilnney.

4. Researches upon toe I1ydrobiintn andd allied forms. By Dr.
Win. St imnpson.

5. Monograplh f American Corbiculada;, recent and fossil. By
Temple Prime.

G. Chwc'k-list of thle InvertebrateFIossils of North America, Eocene
and Oligocene. 1By T. A. Conrad.

7. Check-list of Fossils, Miocene. By F. 1. Meek.
8. Check-list of Fossils, Cretaceous and Jurassic. 3By F. B. Meek.
9. Catalogue of' Minoorals, with their formulas, etc, By T. Egle.

stolen.
10. Dictionary of the Chinook Jargon or Trade Language of Or-

egon. By Gco. Gibbs.
11. Instructions for Research relative to the Ethnology and Phi-

ol0ogy of America. By Geo. Gibbs.
12. List of Works published by tlie Smithsonian Institution.
(Of tlie two works tnetioIned ill the l;st report as being in tlth

1ress,.tlie first, entitled i Astrloomical, M1agnetic, Tidal, allnd Me-
tlorol gical Obselrvationlswitllin tlhe Arctlic Circle, 1by saac I. II ayes,
MI. 1).," Iias been completed and a small edition printed. A full

descriptions of' this :paper wa;\ given in the report for 1865. It
tfrmls a quarto volulle of 283 pages, illustrated witll six charts
and fifteen wood-cuts. 'Thle principal chart shows the discoveries,
tracks and surveys of tihe Arctic expedition of 1860 and 1861, pro-
jected on a scale of 1 to 1,200,000. Another chart shows tlio vi-

cinity of Port Foulkc, the winter-qlua:rters in 18(0G and 1861 of tlio
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expedition, projected oil a scale of to1 *0,00:Iat 1hi rd gives t1
I.(.o.llnarznetic lines ill tile vicility o ;Smitll's strait, and three other
plates illulstlrat tlic series of tides at Port Foulke.

'The secoln(l work pllublisl(ledduring tile year is ': lResults of Me-
teoroloi)ic(al Observatiolls imi;id aIt Brunllswicek, .Mailln, l)etw\een 1807
,and 1.o9.. by Parkor Cleavelalnd, L.L.I)., Professor in Bowdoin
C(,llee.'" Anotlier quarto work i, press, and nearly readylfr d(is
trilbtioln. is entitledd'" esllts of Meteorological (Observationis inado
ait M;lrietta. Ohio, between 18'2 allnd 1859, inclusive, by S. 1'. Ilil-
d(Irtlh, M. I).; to wllilch are addlled, resul ts of observations at ,Ma-
rietta, by Mr. Joseph Wood, between 17 and17183,'" wlili hav
leci reducedlC(lnd discussed at tle expense of t li Instituti(onl, i v

Cl;arles A. 'Scllott. ForI an acconi t of these. works see t!:e p):rt of'
this rl'( ort relative to ien:teorl(lo)ogy.

Additiollll copies of tile following works lha\o been printed dirilln
the ve:mr from tlhe stereotyl)e plt;les: D)ra;per's Telescope;; WA iltlc-
sev's lrif't: Meek's Chelck list of IFossils ; Caltalogue of' Birds ; Cii-
noo(k .Jrgon ; Iist of Coleopte(ra Revitew of American Biird!s; List of
Publications; List of 1'oreign Corresponldents.

The' following are the rules of dist rilution of' tlie Smiithsoniai pul)b-
}icatiois:

1. They are presented to all leari',d(l societies of the first class
whichh pllublishl transactions, lland give copies of tliesc, in exchianI.gC, to
the Institution.

2. To all foreign libraries, of teo first class, provided they give il
exchange their catalogues and oti er publications, or all equivialelt,
from their duplicate volumes.

3. To perm'iacently endowed colleges in actual operation iln tlii
coulntr'y, provided tlhey ftlillisll inleti l'll meteorological o)bserva ti oils,
catalogues of their libraries alil of' their stuildeits, and all other pub-
licationis issued by tlem rclaitive to tlctir or0t;lgliiza tiIon at history.

.1. To all States and territories, provi(l(ed tiley giv ill ret'tUi'll
copies of all documents published ll (1der' their authority.

5. ''o all il]cor)po'rate(l public libraries in this country, not included
in;l1y of tlie foregoingl classes, nlow\ containing 10,000 volumes, nd111
to sin;ill1er11)raries \wliee a whole State o0 large district \woull b)o
otherwise ulnsupplicd.

Institutions devoted exclusively to ttle promotion of particular
branclies of knowledge receive suclh articles published by the Ilnsti-
tution as relate to tleir objects. Portions of' thl( series are also given
to institutions of lower grade not entitled under tlio above ruless to
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tile full series, and also to the meteorological correspondents of tile
Institution.

For tlhe purpose of collecting materials for the preparation of a

report on tlie present condition of school architecture, a letter was

addressed to the officers of public instruction in our principal cities,
requesting tlie use of tlle architectural illustrations of their most
approved school-houses. Thlis request was readily complied with,
antd a considerable number of wood cuts had been received, when
Congress organized tile Department of Elducation, to which it was
thought proper to transfer them, with the understanding that tley
should be used in thie report to be publlished under thle direction
of the Commissioner. The thanks of the Institution are (1ue to
3Messrs. Philbrick, of Boston; Shipplcn, of Philadellhia; Van B3uk
kelel, of Baltimore; Swett, of' San Francisco; Pickard, of Chicago;
Randall, of New York; Brooks, of Springfield, Illinois; and Iart, of
Trenton, New Jersey, for tlhe promptness of their compliance with
our request, as well as for the illustrations actually furnished.
The report for tile year 18G6, witl the appendix, was printed by

order of Congress, land tile usual number of ten thousand extra
copies struck off for distribution, 4,000 by tlhe Institution and
6,000 by the members of tloe Senate and Iouse of Representatives.
It is believed that few, if any, of the government documents aro
more in demand by tlhe public than this report, an(d it has become
impossible to supply all who make application for it. Unless a

larger number b)o ordered by) Congress, tlie distribution must in
future be more strictly conformable to the rules which have been
adopted, viz:

1st. To colleges, libraries and societies' publishing transactions,
2(1. To contributors to the library, museum or meteorological de.

partmlent of the Institution.
3d. To persons engaged in teaching or in special research, and

to collaborators of the Institution.
lThe changes in the population of tlhe country are so rapid that wo

cannot bo guided by a permanent list. As a general rule, tlhe dis.
tribution can only b1)o mat to those whol make special application
for eacl volume, excepting donors to tlh museum land meteorological
observers.
The volume for 1863 contains, in addition to tho report of tle

Secretary, giving lan account of tlhe operations, expenditures and
condition of tlio Institution for tile year, and tle proceedings of the
Board of Regents to February 22, 180(7, tile following articles:
A sketch of tlio services of the late lion. W. W. Seaton, in con-
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section with the Smiithsonian Institution, and some notices of his life
and personal character. A memoir of' Magendio, by M. Flourens,
secretary of tlhe French Academy of Sciences. A translation from
the German, on tile senses of taste, hearing, and sight. A lecture
on the results of spectrum analysis applied to tlie heavenly bodies,
by W. HIuggins, of England. A translation from the German of an

article on tile external appearance of tlle sun's disk, and one from
til French on accidental or subjective colors, by Abb6 Moigno. A
continuation of the series of articles, by Plateau, on tile figures of
equilibrium of a liquid mass withdrawn from the action of gravity,
The annual report of transactions of' tile Society of Physics and Natu-
ral History, of Geneva. Original communications relative to tile Til-
neh or Chepewyan Indians, of British and Russian America, by Messrs.
B. R. Ross, W, L.L. lardisty, and S. Jones, of thle hudson's Bay
Company, by Geo. Gibbs. esq. An article on the aboriginal Ameri-
call migration, by F. Von HIcllwald, An original paper ol Indian
pottery, by Clhas. Ran, esq. An original article on artificial shell
deposits of the United States, by Dr. D. G. Brinton. A sketch of
ancient earthworks, by I. Dille, of Olhio. Tlle pile-work antiquities
of Olmutz, translated from a Vienna periodical. An account of anti-
quities on the banks of tho Miississippi river and Lake Pepin, by Dr.
I. C. IEstes. Communications on a physical atlas of North America,
by Geo. Gibbs, esq., and on ethnological research, by Dr. E. II.
Davis, with tables of measurements, by Scherzeor and Schwarz.
Translation of tllo prize questions of tle International Archl;ologi-
cal Congress. An article on vitality, by Rev. II. II. Iiggins. In-
structions for collecting land and fresh-water shells, by James Lewis,
csq. Instructions for collecting myriapods,, IplalangidtU, etc., by Dr.
II. C. Wood. Notes oln a plan of a research upon the atmosphere,
by Prolfssor C. M. Wetherill. An account of tlhe cryolite of Green-
land, by Messrs. Lewis and sons. Extracts from the meteorological
correspondence of tlhe Institution, witl remarkss by the secretllry,
Professor Henry. On horary variations of the barometer, by Mar-
shal Vaillant, witl note by the secretary. On thle formation of ice
att tlie bottom of' rivers, by IMr. Engelhairdt. A1l account of tlio
earthl(uake in eastern MeXico oil 2d Jalillary, 18G6, by ])r C.C.Sar-
torius. Statistics relative to Norwegian mountains, lakes, and tloe
snow-line, by 0. E. Dreutzer.
These articles embrace a wider -ingc of subjects, and, withl i single

exception, were either prepared expressly for tile Iinstitution or
translated from foreign journals not readily accessible to tle Alneri-
cal reader, Trlre illustrations, seventy iln number, were prepared at
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the expense of tlhe Institution. T1'I tralisla;tioIns conltiiull to be made
witll spirit and fidelity by C. A. Alexander, . f,o.., f Washilngton,
whose services in tllis connection for many years have been firequently
referred to ill previous reports.

A/leeorology.--In order to advance those branches of science
wllichl depend especially upon instrumental observations, two kinds
of labor are necessary; that wlich is devoted to tlh making and
recor(diil observations, and that wlwich is expended in reducing and
discussing them. lThe first, w\licll fIrequently requires a large nu.

ber of ol)servers, (as in tile case of silmultalieous meteorology, fortu.
lately call )e performed by persons lhaving a limilited amonlll t of scien.
tific trainingi, altholugl tile precision and( value (of tlleir observations
are miuch enlianced by a critical knowledge of tile principles upon
which tile observations depend; while tlhe discussion and reduction
req.ui re a knowledge of mathematical analysis, possessed by compara-
tively few; alld lhece it is not slurprisillng tliat tlie accumulation otf
cr111le ob)servat ions holilld ,be far ill advance of their philosopllic dis.
cussion, or tlaIt at ltepliresett tiiime tlie great d(siideratuili ill me1teo.
rology is a full discussio(l, on a general plal,ofl;1 tile series of obscr-
va;t ios w\licli save Iee'Cl recorded. Ift tl is were plrop, ly executed, wo
should be prepared to commence a new era in tllis lbracllO of science,
;tnd to direct attention to new points of investigation, ftrnlm indica-
tions ftlurishlled by tihe d(iscussiolIs.

In consi(leration of this state of meteorological dl;at;a wae!ave con-
clhiled, in view o te i ll ntof tlefuiilred,of tio I' Sadme tile gen-
eral diiscussion of tlie material wliichl tlie Instituition ha.s already ac-

cumiulatcel. Wo have accordiligly commtienced( tliis woirk by tilh
r;eductionl anld discussion of all the observations oni thle rainl-fll of tho
Nortll Alinericall continent, tlhe results of vwlich :aro muc11 called for
oil a;cotullt of tlhciir agricultural, manuiiil'acturiillg, comlinllercial, an(d san-

itlary applications. Observations from upwards of twelve liundrld'ed
localities tare now il tlhe hands of' tile coimpl)uters, al( it is expected
that the results will ,b relay for publication towards tlhe close of
18t8. Aflter having discussed all the observations which lIave been
pIreviously recorded, we shall then bhe plreplared to commence a new

and imoir extellded series relative to precipitation, andl for tllis pur-
pos we havehlad prepared a large number of measuring scales, con-
sisting of slips of box wood graduated to tho tenth of an inch, to
be distributed very generally over tlie country, with instructions for
the observation and record of rain-fall. After carefully considering the
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several forms of rain gauges, woetla/c(leci(ded to recomIlen(I tile
general adopt:ltio ll of a simple cylindrical vessel of three or (ourl inches
in diameter and niliec inlclies Iiigh, the (deptli to be imeaslured by
plunlgilng to the bottom a small slip of soft wood on whlic tlie water
mark Call be distinctly observed, and measuring this by tlie scale
before mentioned, tlhe deptlh being recorded to tlhe quarter of a tenth
of an inell. Special instructions will be given tllat tlie rain beleas-
iured immediately after tle fall or before any sensible evaporation
ha1s takell place. We have adloptedl tle simple cylinder of' uniform
diameter as being less liable to errors of observation than alny other
form.
Although tlhe separate observations are not read :thl tle same

minliitelness as in tile case of gauges in wvllicll tlie deptli of rain is mag-
nified b, a receiver of less diameter than tile orifice of tlhe gauge, yet
tlie aer eerae we indlrom experience il tile case of a lolg series gives
equally reliable results with those in which instruments of apparently
greater precision are employed.

After tile completion of tile rain tables, our computers will com-
mence tle lisclussioll of tlhe temperature of tilo North Amelrican con-
tinent. Were our funds sufficient, wo should be glad to include in
tile illvestigatio all tile observations made on this continent during
the various expeditions to tlie arctic regions, undertakenl by tle Brit-
ish government, few of which have, as yet, received that thorough
excamiiiation necessary to obtain from tlem the general truths vwlicli
constitute real contributions to science.
We have mentioned iln previous reports that til meteorological sys-

temn of tle U. S. army was about to be reorganlize(d under tlhe Surgeon
General. This work Iias been carried on during tie year', and a series
of standard instruments hlas been constructed by James Green, of
New York. under( tlhe direction of Dr. Craig', for distribution to to l
various posts. Fifty barometers and one liundlred and lifty tlhermom-
eters and( rain gauges will be substituted for those niow il ulse.

'J'lThe numI)ber of Smlit.lsonian observers (duriil tile y.earl 18 7 was
385, and tihis will lprol)ably be increased duringg tlie year 18G8,
s(lthat a more rapid and accurate accumuilatlion of daltl relative to
the meteorology of this country will be obtained tlhal a.t Lany timel(
hle re to 'o re.

'l eI)e department of Agriculture Ilas continued during tile past year
to publisli the monthly bulletin of meteorological observations, which
is still received with much interest by farmers, as well as 1)b meteo-
rological observers. The preparation of tlie meteorological notes for
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tieo present, as for previous years, lias been il cllharge of Mr. Wm. Q.
Force.

Tlie imlportanco of meteorological observations in tlleir connection
witll agriculture is becomiiltnbetter appreciated by t.he public, and
we thlillk it probable tlat ill due timing onr government will follow the
example ot foreign countries ill maintaining al ore perfect series of
observations tlhanl als as yet been established. Tho avrerag, temper-
atllre of thle \ear and of tlie dinff'crent seasons. tlio amount and fre.
lqellcy uf" railn, tile time of early and late frosts, tlhe length of the
"growinng suIIIIIlers' an(l tlie recurrence of years of abnormal drought
or of' low teltemperature, are all elements of great value in comparinng
tlie Irelative capacity of different parts of the country for special
prod(lctilos.
We liltv repeatedly stated in previous reports that our eastern sea-

board is far more favorably situated in regard to tile prediction of
tile occurrence of storms than the western coast of Europe, siice it
la;s been conclusively shown that tlie principal disturbances of tleo
atmospllerei iln tl te emperate zone move from \wet to east. During
tile past year the attempt has been mlad by the Institution to
resume with tihe co-operation of tihe telegraph lines the system of
telegraphic indications of the weather wliicli was inteirrulpted by
tile war. We have, however, been unstucessful, and indeed it can

scarcely be expected that. without some remuneration to tile companies,
tlie use of tlle telegraphic wires and the time of the operators should
be giiven for tile purpose.

T'lhe discussion and reduction of long series of observations of tlie
weather at particular places have been continued. 'The colntr'ibutions
of this kind completedldurini tile past year are deductions from tlio
met eorological observatiolls made at BIrunswick, Maine, an(i Marietta,
Ohio. Tlie discussions and reductions were made at, the expense of
the Inlstitution by Mr. Chlarls A. Schott, on tile same plan as that
adopted il the discussion of tlh: observations in the Arctic Regions
by Kane, McClintock and Hayes.
Between the years 1807 and 1859 inclusive, meteorological records

were Inile withl great regulariti'yI by tlle late I'rofessor Parker Cleave-
land, of Bowdoin college, at Brunswick, Maine. and after his death
were coisigrllei, to this Institutiion for reduction and publicationl. Tllo
observations, though not intended 1by their author' to be of a strictly
scientific character, were yet found sufficiently valuable to warratl'lt
tle expeii(lit ilure of consi(deIlable l;tl)oi ill preparing themi for tile press.
Brunswick is on the Androscog:-inriver, about 25 miles N. 400 E.
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from Portland, Maine, in latitude 43° 54' 5, longitude 690 57' 4, and
74 feet above high water. Tle observations were mado at 7 a. in.,
1 p. in. an(d G p. in., and relate to indications of' tleo thlcIeirmomlter and
barometer, direction of the wind, state of the weather, allounllt of
rain andt snow, character of clouds, occurrence of tllhnder-storml ,
fogs, frost and hail, earthquakes, auroras, etc.
From these observations the mean temperature of eachof e acl

month is deduced( and arranged in tables. The mean temperatures,
however, require a small correction ill order to redlcoe tllhm to thle

eaill temperature of the day wliich would be given from t'Venlty-four
or hourly observations instead of only three observations. InI the dis-
cussion of the temperature the correction applied on account of tlh
irregular hours was deduced from a series of observations taken at
every hour of the twenty-four at Toronto and Montreal, whliclh are
found to have been subjected to the same fluctuation of temperatures
as Brunswick. To understand this, I)erhal)s the followil g explla-
nation is necessary: By adding all tile tc-ln)eratures ob)servedl at
each hour of the day, for example all at (1 o'clock, into ote1 sum, and
dividing these by the whole number of observations at this hour, we
obtain the average or mean temperature of tllat hour, and by releat-
i,g the process for every other hour we. obtain a series for eacl hIour
of tile twenty-four; also, by adding together all tlie average tempera-
tui'es of each hour of the day and dividing by twenty-four, we obtain
the mean temperature of the day. If tle meanll temperature of thle
(day be compared with thle man temperature of each hiour1, some of
the latter will be a little above and others a little below tle former;
and as these differences are found to be the same over a large extent
of country, we may apply them to observations 1ad1(e at one, two, or
three hoours, so as to get tle same result which would be obtained llha
tle observations been made at every hour during the twenty- four.
Ti1us it lhas been found, from several series of' louirly observations ill
diflletrent parts of' tihe United States, that those made at 7 a. in., 2
andl 9 p. m., give a nearer approxiliation to thle meanL temll)cIratullre of
the day thlan tliose made at aly otherc lours. Veo dwell some-
what on this point because the idea has been prevalent that the best
times for determining the mean temperatures ;eaat sun11rise, noon and
suiset. But since sunrise and sunset are variable hours, it is obvious
that corrections similar to those we have men1tioned above cannot bo
readily applied to them.
The observations at Brlunswick, having been duly corrected in the

way we have mentioned, presentr, during a(period of Ji/ty-two years,
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a mean temperature of 44- 4'PFahrenheit, which reduced'to the level
of tlhe sea becomes 44° G'.

Thle lowest mean temperature for anl' year occurred in 1859, and
wis 40f.31, arid thle highest was ill 1840, 51:. 60, giving a range of
1I'.29, whliclh is considerably larger than at places ftlrther south in
tlte United States. A table is given of tlhe fluctuations of the annual
mean temperatures, which, with others of a similar character, is
directly available for the study of' the secular changes of the tempera.
ture; or, in other words, for ascertaining whether within the period
of instrumental observations the annual temperature has undergone
any sensible variation. No indications of this, however, have been
found. On tlhe contrary, it appears from the observations made
between 1807 and 1832, inclusive, that tlhe annual temperature
was 44°. 10, and between 1833 and 1859, inclusive, it was 44. '70,
a difference readily accounted fbr from errors of observation and
change of instruments, and too insignificant to substantiate a change
in climate. It lhas been observed in other parts of the cartel that
the annual temperature undergoes a periodical change at certain
seasons of' the year, ald in tis country it has been supposed that a

similar change occurs, viz., a cold period about tlie end of May, and
a warm one in October. Tie discussion of the observations for 52
years does not indicate any such periodical fluctuation at these times,

According to the average of 52 years, the warmest day falls on the
22d of July, or 31 days after the summer solstice, and has a mean

temperature of' 67°.7.
Tlhe coldest day on an average is tile 1Sth of January, or 28 days

after the winter solstice, having a temperature of 193.9 Fahrenheit.
On an average, tlhe 20th of April and tlhe 24th October have the same

temperature as tle mean of tle entire year. The lowest recordtr
tlhe whole time is 303 below zero, and the highest 102° above.
The northwest wind on an average reduces tie temperature 4°.G.

Tlih north lowers it 30. 1, and tile northeast 3°.8. The southwest
wind, on the contrary, elevates tlih temperature above its normal
value 2°. 6. In summer tle effect of rain and fog is to lower tihe
temperature (0°.5. In winter, snow, sleet or rain increases the tem-

perature 4°.3. From 54,097 observations, the following is tlie pro.
portional um1111ber of, winds ill 1,000:

.Soultl. North. \Wet. |Eu.st. SW, N.E. N.W. S.E.

29 40 51 29 311 143 320 77
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From1 this it results tliat tlhe most frequent are the northwest and
southwest, the fornime iln winter and the latter ill summerC. The
least Inumberl fof (lays in wllich rainill fll was in February, tile greatest
in May. ThLe greatest number of clays in which snowofell was in Jan-
1uar. 'The earliest snow occurred on the 26th September, 1808, and
tihe latest on tile 8tl of June, 1816. On an average, snow falls in
lBrulnswick onl solCe d1ay ill AMay once ill fiveo years, and ill October oncee
every otlier year. Tlhe average Iutnl)er of rainy days is 64. The average
inumiblrl of silnow days i:; 30. Tlhe average amount of rain land snow is
44.68 inches. The greatest amouInt of raini during fany one delay was 8'
inches, November 4, 1845. 'The gr-eatest. fall of snow was on theL10th
oft lich, 1819, and measured 30 inlcles. The greatest Inu11ber of
rainfills occur while tlle wind is from tihe northeast, land tihe least
number while it is from the west. The northeast wind in winter is
almost constantly accompanied by rain or snow, wlilie in summer the
souithealcst surpasses it as a vehicle of rain, a result evidlently due to
tlie position of the place of observation with respect to the ocean.
The number of storms of thunder and lightning recorded during 51
yeais is 472, or about 9 a year. The greatest number occurred in
July and August, the least in January and February. The total num-
bel of fogs is 1,135, or 22 in a year, the most dense of which occur in
umnl:er, tle least (lelse( ill winter.
July is tlhe only month in which no fiost is recorded. Tlie earliest

fiost observed was August 3d, and the latest June 19th. 01n an
average, tlie spring frost ceases after the first week in June, and tlhe
autumn frost commences after tile first week in September. There
\were 34 .hail storms--tle greatest number ill January, the least in
August. The records notice thle occurrence of seven earthquallkes
and 86 auroras, thle greatest Inumber of the latter ill Septelmber alnd
Ol:tobel'.

Thl aurrora also exhibits a maximum and a minimum. Tle maxi-
mum occurred in 1808, 1818, 1830, 1838, 1848, 1857, giving diller-
cllnes of 10, 12, 8, 10, and 9 years. This il(licates aan average
period of ab)olit 10 years. Unfortunately tho temperature of tle
barometer is not givvon, and therefore a reduction on account of
tlhe expansion of tlle ncrcury is not possible, and consequently thio
only use which )has been made of the record has been to exhibit tllh
molntlily extreme values, together with tlleir ann1ul variations.

Tlhe}barometric maxima reach tleir greatest value iln December
and tleir least value ill June. The minillma occur in August. The
monthly range is the greatest at tlio period of greatest cold, in Jain-
uary, and the least range at the period of greatest heat, in July.
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The observations at Afarietta, Ohio, extend from 1817 to 1823,
by Mr. Joseph Wood, and from 1826 to 1859, inclusive, by Dr. S. P.
Itildreth, tle 'whole presenting an almost unbroken series of 40
years. Marietta, tile oldest town in the State of Ohio, is situated at
the junction of the Muskingum and Ohio rivers, in latitude 39° 25',
longitude 81° 29' west, about 580 feet above tide-water.-
The registers embrace records of temperature, wind, pressure of

the atmosphere, face of the sky, cloudiness, and precipitation in snow
and rain. The observations of Mr. Wood were made at sunrise, 2
p. m. and sunset, and by Dr. Hildreth generally at 6 a. m., 2 and 9
p. m., in summer, and 7 a. m., 2 and 9 p. m., in winter. Deviations
in both series from these hours are noted and corrections applied
in tle reductions.

Unfortunately a small portion of the manuscripts was lost by the
fire whicll destroyed a part of tle Smithsonian building in January,
18G5. Th'Iis loss was partly supplied by the monthly means which
had been published by Dr. Hildreth in Sillimanl's Journal.

During tlie 40 Marietta years a mean temperature is slown of 52°.46.
Tlhe mean temperature of 1828. tlie warmest year during the wlholo
period, was 55°.38, and that of the coldest, 1856, was49°. 71, show-
ing a range or variation of temperature of 50.67, which is about
hlle usual range of annual temperature, as indicated by shorter periods

in our latitude. The discussion indicates no change of annual tem.
perature during the whole period of 40 years, tlie mein temperature
of the first 20 years being the same as of tile last 20 years. Neither
do these observations indicate any change in tile temperature of
summer or winter by comparing tile first 20 with tlhe second 20
years. We tlink it probable, however, tllat a full discussion of all
the records collected by tile Institution would slow some slight change
in the average temperature of summer and winter dllu to the exposure
of the surface by the clearing away of trees, altloughIll no indications
of a similar kind may be given in the mean temperature of tile year.

''le greatest fluctuation of temperature is ill February, and the
least in July and August. Tlie lowest temperat ure dullring tlle whole
period was 23 degrees below zero, F;llarenlleit, at 7 o'clock a. rn.,
January 20, 1852; tile extreme higllest 102 degrees at 3 p. Im., July
14, 1859. These observations give ;an extreme range of temperature
of 125 degrees, vwlicll, vwhen comp)aredl witl that of 'Eu'ope, may Ihe
considered excessive; but, compared w itil that of otllor parts of
America and Asia, is not unusual. From- all the observations it appears
that, on all average, tlie warmest day of tile year is tile 23d of July,
and tile coldest the 15th of January, while tlie days which have tlhe
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same temperature as tile mean of the whole year are tile 14th of
April and the 15th of October.
The average temperatures of the seasons are as follows:

o

Spring ... ............... .... 52.88
Summer *................. ....... 71.51
Autumn ................... . ... 52.78
Winter .... ............... .. 33.01

There have been observed by the meteorologists of Europe varia-
tions in tile ordinary march of the change of temperature. Of these
there is one about the beginning of December, and another about the
mi(ldlo of May, which are most conspicuous. The cause of such
abnormal change of temperature must be either local or general; if
the latter, its influence must be felt, perhaps, with some modification
in all parts of the globe. The observations were examined in regard
to these abnormal changes; but though they indicate a normal
temperature about the beginning of December, they show a remarka-
ble depression of temperature between the 25th and 28th of Noveim-
ber, which is preceded by an elevation on the 22d. A similar de-
pression, however, is not observed in the series for Brunswick.
The direction of the wind is recorded for 27 years to eight points

of the compass, and the result as to the relative frequency of each
in proportion to 1,000 is shown in the following table:

8. | N. W. E. S.W. N.I. N. . S. I,

173 217 135 52 213 39 87 84

From this it appears that the majority of the winds are from the
north and southwest, while the northeast and east winds are the least
frequent. 'The south wind is more frequent in summer, and the west
and northwest in winter. This differs slightly from the winds in
Brunswick, Maine, where the wind of the greatest frequency is tlat
from the northwest, and next from the southwest. Tlie difference is
probalbly due principally to the configuration of the surface.

The' result of another investigation indicates an apparent secular
change in the direction of the wind, similar to the one noted at Bruns.
wick; but as the epochs are different, the subject requires the discus-
sion of more extended observations at different places.
The discussion of the connection of the direction of the wind with

3 S
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til temperature, from observations of 2,340 days, exhilbits the fact
that tlio warmest winds ar' from tlhe southeast, south and southwest,
all others being cold; thie extreme difference being 15 degrees il win.
ter and8.l in summer. rThe comparison of tlhe direction of the wind
and rain shows tliat tlio southwest wind in summer and the southeast in
winter are accompanied by the greatest amount of precipitation, and
that fair weather generally attends northerly winds throughout tile
entire year. In sumner tile easterly and in winter thie westerly
winds are also attended witli fair weatlier. The average annual
quantity of rain and nmlted snow is 42. inches; ti)e least amount
observed in any one year is 32°.4G, and tho greatest 61°.84. varying
much less than is recorded of Brunswick. The greatest amount of rain
in any one month is in June, and the least in January. The average
number of rainy days in a year is 86. Tile quantity of rain is more

equally distributed throughout tlio year than at Brunswick. Tlhe
greatest fall of' rain recorded on any one day wias 4. 25 inches, on tile
3d(1 July, 1844. Tlie largest fall of snow, 15 inches, was on the 4th
of Deccember, 1833.
The indications of the barometer 'iliyW a regular progression in the

weight of the atmosphere, which attains lti greatest value in January
and its least between July and August.

Ethnology.-Tlie subject of ethnology has, during tne past year,
continued to occupy a considerable share of tlhe attention of tile Institu.
tion. Renewed efforts liave been made, by means of circulars and
correspondence, to increase tlie collection of specimens illustrative
of the different races of men inhabiting or wlio have inhabited this
continent.

Tlio very extensive collections of ethnological articles from almost

every part of tile world, made by tile United States exploring exc
pedition under Captain (now Admiral) Wilkes, having been placed in
charge of the Institution, not only afford a basis for a comparison of
tlce different modes of life and stages of advancement among exist-
ing tribes, but an important means of determining the ethnological
relations of tlio natives of the present day to thosa whose ancient
remains lie thickly strewn over our wholo continent. For example,
implements of stone and of bone are almost everywhere found, the
workmansllip of races that have long since disappeared, and of which
the use would be difficult of determination, were not similar ipile-
ments as to form andmaterial found in actual use at the present day
among savages, I)particularly those inilabiting the various islandt; of the
P' cific ocean. Our object is to collect well-characterized specimense,
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illustrative of tlhe remains of ancient industry; first, for tlhe formation
of a collection as perfect as possible to be preserved in the national
museum; and second, for duplicates to present to other institutions,
with which we maintain relations of reciprocity. It may be observed
that, in making exchanges of specimens, the object is not alone to
enrich our museum, but to furnish the means throughout tie world
of a more comprehensive comparison, alnd consequently to fiacilitato
tlhe study of the various stages of tile dcvelopmentt of hulllan inven-
tion.
During tile past year large and valuable collections have been

received from tle northwest coast and from within the Arctic Circle,
ilusttrative of the Indians and Esquimaux of these regions. Wo
have been particularly desirous to awaken anl interest in the exllo-
ration of the shel1l-heaps which have been tound at various points
along our coast. These are now known to be of aln artificial cllharactr,
anl are frequently rich in specimens of the industry of tlhe earlier
inhabitants of this country. As to the arcllhological value of tlese
Tlhell-mounds, considerable difference of opinion prevails. They are
even regarded by some as the work of known tribes of Indians, con-
corning whom woe possess other and better sources of information;
but, even if this be so, they would serve to illustrate peculiarities ot
customs, and should, in all cases, 1)e explored and thl materials
found in tliho carefully preserved. From the specimens derived
frotn tlle shell-deposits on the coast of Norway, the Scandinavian
;Irchlwologists were eenabled to divide( tlhe stages of civilization into
three principal periods, namely: the stone age, the bronze or transi-
tion age, and tle iron age. Tlhse divisions have been generally
admitted as characteristic of the principal stages of ulman develop-
ment, though they are not regarded as successive periods in tho
gclneral advanclement of tile world, since tlie ilnhabitants of one coutitry

lay be iln tlio condition of tlhe stone age, while tlose of others ar in
the full enjoyment of all the advantages of the iron cpocli.
This division furnishes a ready means of classifying the various

alrclhological objects, so as to exhibit the comparative civiliza-
tion in different places at tleo same or at differentt epoclhs, and,
thmlugh it may be superseded by a more philosophic classification, it
forms tan important step in tho gradual advancement of a now sci-
ence. Indeed, it lIas lately l)bon proposed to divide tlie stone ago
into two-the palauolithic, or first stone ago, and thle neolithic, or
second stone age; and from the discoveries which have beenImade
tof late, and which lave been so cumulative, we can scarcely
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question the conclusions to wlichl they all seem to point, namely:
tlat though the remains of man are found in a very recent geologi.
cal period, yet. in a historical point of view, the antiquity of these
remains is much greater than was formerly supposed. Those which
belong to the palmolithic ago are usually found in beds of gravel
and loai, extending along river valleys and reaching a height some.
times of 200 feet above the present water level. That these beds
were not deposited by the sea is proved by the fact that the
remains which occur in them are tlose of fresh water, and not of
marine animals. These deposits contain fragments of such rocks only
as occur in the area drained by tile river itself, and consequently
at the time the deposit was formed the topography of western
Europe could not have been very different from what it is at present.
That the climate, however, was much more severe than it is now
is shown by the character of the animals of which the bones are
found in abundance, namely: the musk-ox, the woolly-haired rhi.
nroceros, tlhe lemmting, and the reindeer-all arctic animals. Tlhe
great antiquity of the period is inferred from several indications.
The extinction of the large animals must have been a work of time,
and neither in the earlier writings, nor in popular traditions, do
we find any indication of their presence. Again tlhe beds of gravel
and loam, which in most cases are deposited in regular strata, would

require a long succession of seasons, since wo see how little effect
is produced at tlho present time in the course of a number of years.

In these deposits mingled with the regular strata are found stone

implements indicating the presence of reasoning beings previous to
the time at which the strata were deposited. According to Sir John
Lubbock, about 3,000 flint implements have been found in what he
denominates the paheolithic age, in northern Franco and southern
England, but no traces of pottery, nor evidence of the use of metals
nor' even of polished stone itmplemonts, have yet been met with.
Tho ncolitlic age commences with a knowledge of a higher degree

of artl, at a period when polished axes, chisels, gouges, and other
imlplcments of stone, as well as hand-made pottery, were extensively use,!
ill western Europe. Thlo objects peculiar to this period (lo not occur
in the river drift gravel as in the previous period, except some of tlh
Himplier ones. Thlo implements are remarkably numerous in Den.
mark and Sweden, wlhilo the palteolithic types are absolutely
unknown there. It has hence been inferred that these northern;
countries were not inhabited 1)by man during the earlier periods. Tlie
Danish shell-mounds Ibelong to this period, as well as those of our own
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cutitr!, and hence it becomes an important object of inquiry to
determine whether any real types of the pahl;olithlic age exist in North
Amlerica. Tle two stone ages, however, are clharacterized by the
use of stone or bone, to the exclusion of metal.

It is evident, frolti the Specimens which have been collected, that
there was a period \twhen bronze was extensively used for arms and
ijlllemelnlts. This is particularly manifest in the examination of'
tlmuli, in which stone antl bronze implements are found existing
together. Some of tlhe bronze axes, in many cases, appear to be
mere copies of tllose of stole, as indled is their iron axe used by tlie
pioluers in clearing tle American forest.
The 1ronze age is also distinguished fiom the stone ago by tiho-lonc,;

of animals which are found mingled with tlie implements. T'lhose
of wild beasts prevail in tihe former, while those of tamel beasts are
most numerous in the latter. No articles of bronze have belenl funlld in
this country, though those of copper, showing a less advance in art,
iar frequently find illn ancient mounds.
T'he iron age apl)peared when the metal was first used for weapons

anmld cutting instruments, land gradually extends into tltliotwilight of lis-
tory. From all the remains whichll ave been found, it is evident that
neither bronze nor stone implements were used in northern lurope
at tlhe commIiencemenotof the C1hristian era, and( that tile ilii ltants
of these regions were not as low in the scale of civilization as the
accounts of their conquerors would seem to place them.

Ex.changes.--TIo system of international scientific and literary
exchanges, to facilitate the c(orrespon(lence between learned ilnstitui
tions andl individuals of tlie Old.t d New World, has been filly main-
taine(l dIuring tlie past year, 1, 0883 box<,s and1 Ipackages Ihavill been
selit ott, landl 782 received since the date (of tile last report, most of
them with a large inumlber of su,-palrcels enclosed.
Those packages, as in former years, contain tilo publications of

institutioiis, public docunimets, transactions of societies, scientific
works presentd(l by individuals, specimens of natural Ilstory, eth-
nology, &c. This part of the operations of tile estallislhmlent las
ftun(d iu111ch fivorw' it! tile public. "We havo notlling of the kiidl,"
,ays a recent English publication, "in this country, and tlle difliciilt

in exchanging books and( specimens is much felt. '1lie comparative
cheapness of freight is more than made ull) by tile complicated
agencies and other extra charges, which can scarcely be avoided even
11b tlose initiated in the secrets of tlhe business. ''lie sending olne
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or two volumes or a small packet of specimens into Germany is often
prevented by the difficulties and expense attending it."
At stated periods the following circular is distributed to institu-

tions and individuals ill America:

"The Smithsonian Institution is now making preparations to send
copies of its publications to tle different libraries and societies in
-lEurope and other parts of tlhe world witl wllich it is in correspond.
elnce. Aks in previous years, it will undertake tlie transmission and
safe delivery of tlie publications of other American institutions on
tlio following conditions:

"1st. Tlle volumes or publicatiolls to be put up in compact packages,
enveloped separately for each particular address. ThICey must not t )e
scaled, althougll they canl be pasted tu or tied. Unlsealed letters
relating to tile contents of tle package may be placed inside or sent

separately. In no0 sc will secled letters or packages be Jorl'wardlt by
the Institution.

"2(1. Tle packages must be addressed legibly, in fill, (if Germnn,
tlhey must be il RIomanl cllaracter,) andt tile name of tle (lolln(r u11st
be indorsed on eacll.

"3(1. 'Te parcels must be delivered in Waslhinlgton free of expense to
the Srmilthsonian Instiutition.
"4 tl. A detailed and full invoice of all the addresses on the par-

cels must )e seltsentparately, il advance, by mail.
"5th. Tlie parcels should conform as nearly as possible) in length

and breadth to tlie corresponding dimensions of tlhe Slnitl.sonian
Contributions to Knowledge, if in quarto, or to half this size, if octavo.
Octavo pamplhlets should not be folded. No single package should
exceed six inches in thickness.

"(lih. No charge will be made for tile expenses of sending from
ashilngtoni, if' tile parcels be of moderate bulk. In any case the

proportion of actual expenses will only be called for.
" If desired, the Smiithsoniatl Institutionl will make tile selection

of tile most suitable recipieilts of any publications. In tlis case
nothillg but t.ile name oftile dono(0r Ieed be marked on the parcels.

"T'le next transmission of packages froii toe Smithsonian Illstitut
tion will take lace about tile 1st J1une.

"Parcels should be in hand a month earlier, and tlhe lists sent bl
mail at tlhe earliest possible moment. These wbill1b wanted con-

siderably in advance of thle parcels, in order to make out tle com-

plete invoices for each different address before commencing to pack
the boxes.
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"Unless the above conditions are severally and strictly observed
the parcels cannot be forwarded.
Tie cost of this system would far exceed the means of the Institu-

tion, were it not for important ;id received from various parties
interested in facilitating international intercourse and tile promotion
of friendly relations betwooii distant parts of tlhe civilized world.
The liberal aid extended by the steamship and other lines, men-
tioned ill previous reports, in carrying the boxes of the Sniitlisoii
exchanges free of charge, has been continued, and several other
lines have been added to tlhe number in tile course of tile year. 'I'lie
names of tllis class of patrons of the Institution are given in tlhe fol-
lowing list:

Pacific Mail Steamship Company, North German Lloyd Steamship
Company, Hamnburg American Steamship Comlpany, General Tranls-
Atlantic Steamsship Cormpany, InmTan Steamship Company, Cunard
Steamshlip Company, Pacific Steiam Navigation Company, Palnaml
railroad, California and Mlexico Steamcshlip Colpany.
Important favors have also beenconferred during tile year by the

Adaims, the Ifirnden, and tile Wells & Fargo Express Companies;
Ir. S. uIlbbard, of San Francisco, and Mr. George Hillier, of tire

N'e\' York customn-house.
As in previous years, tle agents of' the Institution are: Dr. Felix

Flnugl, in LeJipsic; Mr. Gustave Bossange, in Paris; Mr. Win. Wesley,
in London; Mr. Fred Miiller, ill Ainsterdam.

In view of tlho delays incident to tle transmission of packages to
Italy, tile Institution lhas emblraccd a proposal from tile Royal Insti-
tute of Milan, conveyed through tllo friendly intervention of tlil
American minister, lion. G. 1'. Marsh, to take clhargo of the ex-
chainges with tlhat country, anld .la number of boxes have accordingly
been shipped to Milan, via Genoa, during the year.
Besides these agents, our' coulntrymanl , Mr. James Swaim, now resid-

ing ill Paris, lias kindly consIeted to act as a special agent in super-
intcdiing tile construction of such articles of p)llilosopllical ap)l)aratus
is tlhe hlstitltionT may require.
During tlie session of 1866-'67 an act wals p)assoed by Congress pro-

vidiig for tile reservation of fifty complete sets of all tile worksp1)ub-
lislledl at tile expenlls of tlie United States, to bo placed provisionally
in the h;arl(ls of tile Joinit Library Comniittee of Congress, ill order to
be excllanged, through tile Smiitlisonian agency, for correspolldilng
publications of other nations. The object in this was to secure regu-
larly and systematically, at the least possible expense, all reports arnd
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other documents relative to the legislation, jurisprudence, statistics,
internal economy, technology, &c., of-all nations, so as to place the
material at the command of the committees and members of Con-
gress, heads of bureaus, &c. No appropriation was made for meet-
ing the necessary expenses, which, of course, could not be borne by
the Smithsonian fund, since all the returns were to belong to the
Library of Congress; but as a year would necessarily elapse before
any documents would bo ready for distribution, it was thought proper
to defer further action until tlh present season. In the mean time,
however, a circular was issued by the Institution with the view of
ascertaining what governments would enter into the proposed arrange.
ment, and already replies have been received from a large number,
all embracing the opportunity offered of procuring the national pub.
lications of the United States, and proffering complete series of their
own in return. Some of these, indeed, have already sent large pack-
ages of their works without awaiting further action on the part of
our government. Among them, one large box of books from the
government of Victoria, Australia, has been received and the contents
deposited in the Congressional Library.

In view of the great importance of securing the foreign works
in question, we regret to learn that a difficulty has arisen in
reference to the fifty sets referred to. The Public Printer does not
consider himself authorized to furnish them without further legisla-
tion, since the distribution of the regular edition is already directed
by law, and ho cannot supply the fifty sets in question unless the
regular edition be increased by that number. The attention of the
Library Committee has been called to this subject, and it is probable
that they will give it due consideration, as well as that of an appro-
priation to meet tlhe necessary expenses.
The following is a list of governments which have responded

favorably to the proposed international exchanges of documents, &c.:
France, Belgium, Great Britain and Ireland, Switzerland, Spain,

Costa lica, Netherlands, Chile, Ienmark, Argentine Confederation,
United States of Colombia, Wurtemburg, Finland, Hamburg, Baden,
Sweden.

At the suggestion of Hon. John Bigelow, lato American minister
to France, a request was made by the Institution that some of the prin-
cipal publishers of school-books in this country would finish copies of
their elementary text-books, in order that these might be presented
to Professor E. Laboulaye, of the College of France, for examination,
with a view to tle application of soine of their peculiar features to
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the purposes of instruction in his own country. Tho character of
this distinguished professor, and his known admiration of American
institutions, secur',d for this request the prompt and liberal response
of several publishers, a list of whom, with the number of works con-
tributed, is as follows:

Iarper & Brothers, Now York ........ .......... 62 volumes.
A. S. Barnes & Co., .................... 26 volmes.
Oakley & Mason, "( .................... 10 volumes.
C. Scribner, ................... 3 volumes.
1I. Cowp)erthwait & Co., Philadelphia. ............. 10 volumes.
U. Hunt &T Son, " .............. 12 volumes.
E.C. & J. Biddlc,"I ............ 12 volumes.
A. S. Davis & Co., Boston ....................... 6 volumes.
Sargent, Wilson & Hinklo, Cincinnati............. 33 volumes.
Professor Laboulaye, in acknowledging tlo receipt of these 174

volumes, says : "These books form the admiration of all wlho take an
interest in education, and I hope that France will profit by this
example. We have excellent things at home by which you in turn
might profit, but we have seen nothing comparable to your readers,
your object-lessons, your graphics, and your geographical series."

ExIllorations and Collections. -The system of explorations mentioned
in the preceding reports has been continued as in previous years, witi
the co-operation, in some cases, of other institutions and of persons
interested in special branches of natural history. The objects of
these explorations are to collect information and illustrations of the
natural history, tho ethnology, meteorology, and physical geography
of the various parts of the continent of North America. The organ-
ization of theso expeditions has been specially in charge of Professor
Baird, who has devoted, with his wanted zeal, a largo amount of
labor to the preparation of outfits and to the care and arrangement
of tle specimens obtained. We shall give an account of tlhse sev-
eral explorations under the names of tllo districts within whliclh they
have been prosecuted.

British and Russian America.-In previous reports a statement has
been given relative to the scientific departmentlof the expedition organ-
ized by the Western Union Telegraph Company, for tlio purpose of
ofiecting an electric communication between the United Statcs and
Europe, across Behring'ts Straits, and wo have now to express our

regret tth tlhio enterprise has been abandoned. We have, too, to
deplore the sudden death of Mr. Kennicott, the director of tlh natu.
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ral history department of the expedition, which took place in May,
1866, at Nulato, on the lower Yukon. In this dispensation of Provi-
dence, science has lost an ardent and successful votary, and the Insti.
tution one of its most valued collaborators. It is to him that we owe
our introduction to the most important sources of information relative
to the fur countries, and it is principally through his exertions that
the museum of tlo city of Chicago, of which he was the director,
received its endowment and organization.

After the death of Mr. Kennicott, Mr. W. HI. Dall succeeded him
as chief of the scientific corps, and has since been occupied in ex-
ploring the Yukon river from Fort Yukon to its mouth. He is still
engaged in this work, but will probably return in the autumn of 1868.
To the co-operation of Col. Bulkley, the chief of tile survey, and

of Messrs. Scammon, Ketchum, Fisher, Smith, and others mentioned
in the list of donors to the collections, much of the success of the oper-
ations relative to natural history is due. The collections themselves
were made principally by Messrs. Kennicott, Dall, Bischoff, Bannister,
and Elliott. Since the return of the surveying parties all the maps
and reports relating to the geographical part of the work have been
placed in possession of this Institution, with a view to their being
elaborated in thle form of a memoir for publication.
The explorations under the auspices of the telegraph company

were made partly in Nicaragua during the transit of the scientific
corps across the Isthmus, partly in the vicinity of San Francisco whilo
the expedition was in process of being organized, partly in Kam.
tschatka and in British Columbia, but chiefly in the island of Sitka
and on Norton Sound and the Yukon river.

T'he collections from the Yukon and Norton Sound region, as well
as those from both sides of Behring's Straits, are very extensive and
valuable. Among the results most interesting to the naturalist is
the discovery at Norton Sound and at Nulato of three genera of birds*
previously supposed peculiar to the Old World.

Tlhe collections of the telegraph expedition at Sitka were made
by Mr. Ferdinand Bischoff, during a stay of about fourteen months,
and are of great extent and value. Desirous of having a collection of
specimens from Kamtschatka fbr comparison with those from the
shores of Russian America, the Institution, conjointly with the Chicago
Academy of Sciences, engaged the services of Mr. Bischoff for that
purpose, and furnished him with a complete outfit, while the Pacific
Mail Steamship Company, in its usual spirit of liberality as regards

* Species of Budytes, Phyllopucuste, and Pyrrhul.'
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tlec interests of science, gave him a free passage to San Francisco.
Thence he sailed, still free of expense, in one of the vessels of tle
Russian Telegraph Company, but no stop being made at Kamtschatka,
he was obliged to proceed to Plover Bay, the telegraphic depot on
the Asiatic side of the straits, where ho failed not to make some inter-
esting collections. Returning with the vessel to San Francisco in Octo-
ber, lie was directed to proceed to Mazatlan,. and there, under the direc-
tion of the valued correspondent of the Institution, Colonel Grayson,
he is now engaged in prosecuting his researches, but intends to return
in the spring and proceed to Kodiak, where he will probably remain
for a year, collecting specimens and exploring the country. It is
proper to mention that he was also provided with a free passage to
Mazatlan, through the kindness of Mr1. Halliday, on the vessels of the
Mexican, Oregon, and California line.

It was known that the Institution had for several years been dili.
gently engaged in gathering specimens and collecting information to
illustrate the character of the northwest portion of the American conti-
nent, and consequently, when the question of the acquisition of Alaska
by the United States came under discussion, it was to the Institution
that reference was chiefly made by the State Department and the Sell-
ate for information in regard to the country. Two of our collaborators,
then on a visit to the Institution, Mr. Henry Bannister, who had spent
a year in Norton Sound, and Mr. Bischoff, Nwho had passed the same
length of time at Sitka, were called upon to give evidence before the
Committee on Foreign Relations, and wore, in effect, the only persons
examined who were acquainted with t.ho region from personal observa-
tion. Professor Baird also gave valuable information as to the zoology
of the country, from the materials which had previously been collected
by the Institution.
For the purpose of obtaining additional information relative to the

new Territory of Alaska, an expedition was organized by tle Treas-
ury Department, under the charge of Captain W. A. Howard of the
revenue service, and, at the request of tie Secretary of tlhe Treasury,
instructions for research into the physical and natural hllstory of Ithe
country were furnished by the Smitfhsonian Institution. The expedi-
tion left San Francisco on the revenue steamer Lincoln, under command
of Captain T. W. White, during the summer of 1867, and spent several
months in its explorations. It was accompanied by a special party
from the Coast Survey under charge of Air. George B1. Davidson, who
has since communicated a valuable memoir on the country to tlhe
Superintendent of the Coast Survey, whicl lhas been printed by Coni-
gress. Important collections in natural history and efitnolgy have
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boen supplied to tile Institution by Captains Howard and White,
and Mr. Davidson.
The officers of the Hudson's Bay Company, especially at posts in

the Mackenzie river district, have continued during the past year to
make contributions in the way of information and specimens. Prom.
intent among these may be mentioned, as in previous years, Mr. R.
McFarlane of F'ort Anderson, to whom we are indebted for an almost
exhaustive collection of materials from the Arctic coast; Messrs. Jamles
Lockhart, Strachan Jones, C. P. Gaudet, W. Brass, J. and A. Flett,
R. McDonald, J. McDougall, and James Sibbiston. To Mr. B. R.
Ross the Institution owes a valuable contribution from Hudson's bay,
embracing the first specimens of a large bird, the bernicla leucopsis,
known to have been found in North America. It is intended to
embody the result of the observations of our correspondents in Arctic
America in a memoir, which will form an interesting addition to the
ethnology, natural history and physical geography of the country.

It may be said to the honor of the officers of the Hudson's Bay and
Northwest Companies, that though secluded for years from civilized
society, they manifest in general no want of interest in subjects which
pertain to a wide range of human culture; and it may be claimed on

the other hand for the Smithsonian Institution, that it has been not

slightly efficient in enlivening their isolated and monotonous life by
the incitements and facilities it has afforded them for the study and
observation of the phenomena and objects of nature.

Mr. Donald Gunn, our veteran correspondent in the Red River set-
tlement, has made, at our request, an expedition to the lakes west of
Lake Winnipeg, and obtained some rare and valuable specimens not

previously in our collection. An account of his journey is given in
the appendix to this report, and will, we doubt not, be read witl inter-
est, if only as the production of a man who has spent his life far
removed from the centres of refined civilization.
Among tlh collections received through the telegraph expedi-

tion was a valuable series of' specimens gathered on the northern
end of Vancouver's island by Mr. A. W. Ileison, an American resi-
(dent, tlhse being the first ever received from that region.

VCestern America.--Mr. J. G. Svwan, of Neaah Bay, Washington
Territory, whom we have mentioned as favoring the Institution with
1an interesting memoir on tle Makah Indians, has continued his valua-
ble contribution of marine animals and ethnological specimens. Ex-
tensive series of marine invertebrates and eggs of birds have' been
received from Dr. P. A. Canfield, of' onterey, alnd Dr. Cooper has
furnished some rare eggs and nests. The remainder of a large col.
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election nmado by Dr. Cones in the vicinity of Prescott, Arizona, hlas
also come to hand. Reports forming valuable contributions to the
general natural history of the Territory have been published by Dr.
Coues in tho proceedings of the Philadelphia Academy of Natural
Sciences, and in tho American Naturalist, based on the specimens in
the Smithsonian collection. Dr. E. Palmer, formerly associated with
Dr. Cones in collecting in the vicinity of Prescott, and devoting
himself while there especially to the plants and insects, has since
spent some time in southern Arizona at Camp Grant, and procured
copious collections in all branches of natural history, as well as full
series of objects made or used by the Apache Indians, which he
has presented to the Institution.

Interior mc untain 9'egions.-Dr. C. Wernigk has made explorations
in Colorado and Montana, and presented specimens to the Institution
for determination and addition to the collections.
During the summer of 1867, Dr. F. V. Hayden was engaged in a

geological survey of Nebraska, under the direction of the Commis-
sioner of the Lan} Office, and made extensive collections of fossils and
other specimens, which Mr. Meek, of the Institution, is now engaged
in detcrmirping. Dr. Minor, of the Winnebago reserve, has supplied
many specimens of ethnology and zoology. To Mr. Allan Mudge and
Dr. Crocker, of Kansas, we are also indebted for important contri-
hItions from the last-named State, During the past year an explo.
ration of the geology of the region along the 40th parallel of latitude,
and eastward from California, was authorized by Congress at the
request of the War Department, and the expedition was placed by
thte Secretary of War under the charge of Mr. Clarence King, who,
for several years, had been the assistant of Professor Whitney in the
geological survey of California. On application by Mr; ;King, the
Institution took charge of the preparation of tle natural history outfit
of the expedition, made arrangements to receive all its collections, and
to give such necessary facilities for working up tlhe results as aro
usually afforded to tlio scientific parties of the government. Besides
the regular assistants, Mr. King is accompanied by Mr. Robert Ridg-
way as zoologist, and Mr. Bailey as botanist. The collections already
received are of much interest. The labors of the survey have so far
been devoted to the examination of the celebrated Comstock lode
of Nevada.

Eastern and Souttherni Slates.--Collections of more or less extent
have been received fiom various contributors east of the Mississippi
river, which will bo found detailed in the list of donations. Dr. H.
B. Butcher has completed his explorations in the vicinity of Laredo,
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Texas, and has furnished a series of specimens, of which the collec-
tion of birds is especially valuable as throwing light on the distribu-
tion of species.

West Indies.--In connection with explorations in the West Indies,
the Smithsonian Institution has to deplore the loss of Dr. Henry
Bryant, of Boston, one of its most highly prized coadjutors in the
work of American explorations. Not alone did he freely contribute
of his abundant means, but he gave his personal services indefat-
igably to the extension of knowledge in the field of natural history.
In both tlese respects the Institution had enjoyed his uniform
co-operation as it shared the fruits of his successful labors. These
labors halJ been principally conducted in Labrador, and on the Gulf
of St. Lawrence, in Florida, in the Bahlmas, in Cuba, and in Jamaica;
and it wars while pursuing his researches in Porto Rico that he met
with an untimely death, occasioned probably by excessive exertion
in an insalubrious climate. He died 2d January, 1867, at the lit-
tle village of Arecibo, in the last-named island. Dr. Bryant contem-

plated a memoir on the birds of the West Indies, and was, at the
time of his death, engaged in the prosecution of this object. His
entire collection of the birds of tle West Indies has been intrusted
to Prof. Baird for determination, and after this has been effected it is
the design of Mrs. Bryant to present a series of each species to the
principal museums at home and abroad, in conformity with the in-
tention of her lamented husband.
From Jamaica collections have been sent by Mr. W. T. March, in

continuation of many previous contributions, and fiom Cuba by Mr.
Phishop. Mr. A. E. Younglovo spent several months iln Hayti, and
obtained a valuable series of birds and reptiles, embracing several
now species. Mr. E. M. Allen, United States consul at Bermuda,
lhas also given attention to the birds and marine animals of the islands,
and has sent specimens.
Towards the close of tlhe year an appropriation was made for a

special exploration relative to the geology of the island of Petite
Anse, in the Gulf of Mexico, near Vermillion bay, and tle adjoining
region, by Professor E. W. IIilgard, of the University of Mississippi.
Tho immediate inducement fbr this exploration was the discovery of
a stratum of rock salt on this island, together with the remains of
extinct animals associated with specimens of human industry. The
exploration was commenced too late in the season to be fully prosecuted.
The weather, however, proved unusually favorable, the sugar-cane
having blootned on the Louisiana coast for tlhe first time in 27 yearR.
The exploration suggested many new questions, which can only be
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answered by further investigation. The following is an abstract of
the results already obtained:

" The Port Hudson deposit described by Carpenter, Lyell, and others,
is tlhe cypress swamp equivalent of the ' bluff formation,' just as the
existing cypress swamps correspond to the Mississippi alluvium. The
three islands, (out of the chain of five,) which were examined, con-
sist of outliers of 'orange sand,' which lhas resisted denudation;
on and around which, strata precisely similar to those of Port fHud-
son have subsequently been deposited. The rock-salt of Petite
Anse island underlies the orange sand, and is, therefore, anterior to
the drift, and it may probably be reached at points much higher
alove tide level than has been supposed, obviating thle chief diffi-
culty (that of drainage) heretofore experienced in working the
deposit, tile lowest part of which only has thus fhr been explored.
While tlhe precise position of the deposit, as regards the inferior
formations, cannot now be determined, the results of the boring of the
New Orleans artesian well render the conclusion almost unavoidable,
in view of the absence of all signs of disturbance on the coast, that
the salt deposit is of an age corresponding to that of the strata pen-
etrated in this boring, which there is reason to believe are post-ter-
tiary. Apart from all theso comparatively ancient deposits, the entire
delta is underlaid at or near tide levels by a cypress swamp deposit,
as it would seem, of later date; and beneath tlese, as well as the
more ancient deposits of a similar nature, there are beds of gravel of
a composition similar to that of the main or Mississippi branch of the
great stream of tlho orange sand epoch, which hero appears to have
divi(led into two branches, one reaching the gulf in the region of
Vermillion bay, tle otler on or near the Sabino. Important
information was obtained concerning tle formations of northern Lou-
isiana, which, wliile of' course corresponding in general to tlose of
Mississippi, differ so far as to promise a ready determination of
the ago of tle grand gulf groups, which thus far remains in doubt,
notwithstanding that those groups cover nearly half of the State of
Mississippi, filling the space between the cocene and postploioceno
deposits. All that i i known of it, is, that during its formation, palms
flourished on tlo borders of an immense lake or everglade, which
either bordered, or itself represented, the present gulf of Mexico.
After what has been observed in Louisiana, there is less difficulty
in accounting foi the total absence of animal fossils from this forma-
tion in M;ississippi." But the problem to be solved regarding its age,
extent, and relations to tlh eocene and quaternary shores of tlhe gulf
is one of so much interest that while in Louisiana Mr. Hilgard was
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impressed with tllo importance of a more extended exploration than
was at first contemplated, which, starting from tlhe northern border
of' the marine cocene, above Vicksburg, should proceed diagonally
across to tlhe locality whero petroleum has been found on the bor.
(lers ofrTexas. So great was tlhe interest manifested in regard to
these matters wherever hli went in Louisiana, that, were tlle affairs
of tihe country at all settled, he has no doubt it would be easy to pro-
cure an appropriation or oven subscription for the purpose.

Mexico.-Thle regular correspondents of the Institution in this
country have continued their co-operation. Colonel Grayson, of
Mazatlan, lias furnished specimens from tlhe vicinity of that city,
and from other points in Western Mexico. At tlie joint expense of
the Smithsonian Institution and tlhe Boston Society of Natural History,
ho visited, last spring, the island of Socorro, one of the iRevilligideo
group, some hundreds of miles southwest of Cape San Lucas, and
made an exploration of its natural history, obtaining several new

species of birds. Returning via San Blas, lie met with a, severe loss
in that city by tlio death of his son, tile companion of his scientific
labors, wlio was murdered by fsoe unknown persons. .The result of
Colonel Grayson's investigations will shortly be published in the pro-
ceedings of the Boston Society of Natural History.

Professor Sumichrast anId Mr. Botteri, of Orizaba, and Dr. Sarto-
rious, of 1Mirador, havOcontinued their valuable contributions, the
latter gentleman in addition furnishing meteorological records.

Central zAmerica.-The collaborators in this part of tlhe continent
still continue active. From Guatemalat Mr. Henry IHagueihas sent
largo collections of birds and mammals, and Dr. Van Patten, of ver-
tebrata generally. From Costa Rica, the contributions of )Dr. A. Von
Frantzius, Mr. Endres, Jose Zeledon, and Mr. Juan Cooper embrace
ample series in certain branches of zoology, whilo Mr. F. Lelhmlann
lhas f'urnishedl a interesting collection of fossils and minerals.

Ti'e last of the collections made in Yucatan by Dr. Arthur Schott,
during tlie exploration of' that country instituted by GoverCorI Sa\lazar,
have reached the Institution, and witl the first portions received,
furnish an excellent idea of tihe natural history of the northern part
of the peninsula, tlo southern part of which will be illustrated by
Dr. Berendt's researches.
As mentioned in a preceding report, Dr.. . Borendt, who hias

been mlany years one of our collaborators, undertook an exploration of
the little-known interior of the Peninsula of Yucatan, under the
auspices of the Institution, and at tlie expense partly of subscrip-
tions by various societies and individuals. lHo first passed up tie
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BI;liez river, and thence to the region about Lake Peten, whore lho
rcemiinld( iintil tile suinnmer of 18(67, making collections illn natiiral
history, and prosecuting researches in anthropology and geography.
IIo visited tlie United States towards tlle end of tho year, but will
return shortly to Guatemala to complete his labors and to bring back
his extensive collections.
An important collection of antiquities has been presented by tlhe

Hion. C. N. Riotte, late United States minister to Costa Rica. Mr.
Gco. N. Lawrence, of New York, a collaborator of the Institution, is
at present occupied in preparing a catalogue of the birds of Costa
Rica, )bsed chiefly upon the Smithson collection, which will prob-
ably include 500 species, To Dr. Von Frlantzius the acknowledgmentrs
of the Institution are etpccially duo for his valuable scientific cor-
repodlence and intelligent aid and supervision in conducting the
explorations of the Institution in his adopted count.ry.
Mr. IIardiman, of San Salvadtor, has contributed tlhe first collection

of birds received from thaLt country. Mr. OsbertSalvin lhas presented
a series of the birds of Veragua, collected by his correspondent,
Mr. Arc6. . . Kluge, of Aspinwall, nnd Captain J. M. Dow, of
l'anama, have also continued their aid. The services of tlhe latter in
attending to the interests of tle Smithsotnian I stitution on tlhe Isth-
nius of 1analma and the west coast of Central America, ill issuing
supplies, receiving and forwarding collections, &c., are of great value,
and deserve tlh special acknowledgments tof the Board of Regents.
South America.-Thli principal exploration in Soutl America under

tlio auspices of the Institution lhas been that of Prof. James Orton,
of Rochester University, undertaken especially in tlhe interest of tlh
Lyceum of' Natural history of Williams College, Ma;ssachusetts.
'1The Institution lent tie scientific instruments, supplied a considerable
portion of the outfit, and took charge of the transportation and recep-
tion of the collections. Two parties were organized. Tle one under
tho immediate direction of Prof. Orton proceeded to Guayaquil via
Panama, tlhe other under Mr. W. 1B. Gilbert went to Venezuela. Thle
party under Ir)of. Orton, after remaining soeno time at Guayaquil,
where most of tllem were taken sick with yellow fever, finally arrived
at Quito. Here they had tlhe misfortune to lose one of their mem-
bers, Colonel Phineas Stanton, a gentleman of many accomplish-
ien1ts, who volunteered to accompany the expedition .as an amateur
artist, After exploring in Pechincha, and otler localities on tihe
plateatc of Ecuador, they crossed to tle head-waters of tlhe Amazon,
descending by Marailon to Iara, and thence returned home. Tho

4 s
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Venezuela division prosecuted their researches for a time in tho
district of (araccas, and then returned via tlhe Orinoco river. All
tleo collections of both parties havo been sent to the Institution
for identification, and have been distributed for that purpose among
the naturalists of teo country.
A collection principally of birds and butterflies, made in the neigh.

boyhood of Bogota, was conveyed to tlie Institution through tlhe
attentive care of Ilon. A. A. Burton, lato United States minister.
Many of the species are new as regards tlat locality. From Chile there
has been received a collection, nearly complete, of birds prepared and
determined by Prof. A. R. Phillippi, Director of tlle National Museum
at Santiago. The series is of special value as containing types of
many of the new species described by Prof. Phillippi and his asso.
ciate, Dr. Landbeck.
An important Smithsonian exploration has been made during the

last year in the Province of Buenos Ayres by Mr. W. I-. Hudson,
who lhas transmitted largo collections of birds, whicl have been
referred to Mr. P. L. Sclater and Mr. Osbcrt Salvin, of London, for
examination, these gentlemen having been especially occupied in
tile study of South American birds. Mr. A. do Lacerda, of 3Balia,
has continued his valued contributions from that portion of Brazil.
With the exception of the Russian telegraph expedition at Plovcr

bay, and on tlhe Asiatic side of' Behrin)g's straits, tlhe explorations we

lhave enumerated have been confined to the American continent and
its islands. This is iln accordance with a settled policy of tlle Insti.
tution, to tllo effect that the natural and physical history of the Old
World shall be relinquished to the explorers of Europe.
The following remarks by George Bentham, esq., president of the

Linnean Society of London, present the scientific importance of
explorations in this country in so clear a light that I mayIbe
excused for quoting them at length: "TTho peculiar condition
of the North American continent requires imperatively that its

physical and biological statistics should be accurately collectell
and authentically recorded, and that this should be speedily done.
Vast tracts of land are still in what may be called almost a

primitive state, unmodified by tle effects of civilization, unilinhab
ited, or tenanted only by tile remnants of ancient tribes, whose
unsettled life never exercised much influence over the natural pro
auctions of tlhe country. But tills state of things is rapidly passing
away; tho invasion and steady progress of a civilized population,
whilo changing generally the face of nature, is obliterating many of
the evidences of a former state of things. The larger races of wild
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animals are dwindling down, like the aboriginal inhabitants, Iunder
tlie deadly influence of civilizedl manl. AMyriads of tile lower orders
oft nimal life. as well as of plants, disappear with the destruction of
forests, tile drainage of swamllps, and the gradual spread of cultiva-
tion, and their places are occupied by foreign invaders. Other races,
no doubt, without actually disappearing, undergo a gradual change
under the now order of things, which, if perceptible only in tlhe
course of successive generations, require so much the more for futinre
proof an accurate record of their state in the still unsettled condition
of the country. In the Old World almost every attempt to compare
the present state of vegetation or animal life with that which existed
in uncivilized times is in a great measure frustrated by the absolute
want of evidence as to that former state ; but in North America tke
change is going forward, as it were, close under the eye of tle observer.
This consideration ray one day give great value to the reports of the
naturalists sent by the government, as wo havo seen, at the instance
of the Smithsonian Institution tnd other promoters of science, to
accompany the surveys of new territories.'
The total number of contributors to the collections of tho Institution

in 1867 was 163. Tho total number of primary boxes or packages
received wasV 320. The general character of these additions will be
learned from the table at the end of the report; they vary fiom
single specimens to boxes filled witl a variety of objects, the latter
being far tho most numerous. Among the most important may be
mentioned tle collections of the Russian telegraph expedition, those
of Dr. Butcher, of Mr. Carmiol, of Colonel Grayson, of Professor
Snnicllhrast, of Dr. Hayden, of Mr. I-Hudson, and of Dr. Palmer.
To tlhe Zoological Garden of Hlamburg, Dr. W. IH. Sigel, director,

tlhe Institution is indebted for tlie present of a number of European
house sparrows, which had been asked for with the view of natural-
izing them in Washington and vicinity, in order to secure the aid of
these nimble and voracious birds in ridding tlle fruit and shade trees
of this region from noxious insects. Although 300 were embarked,
only five reached the Institution (in August last) alive. These were
immediately liberated and have remained in tlie proximity of the
building during the winter. For further notice of thecso sparrows see
general correspondence.

Tlhe Institution is indebted to AMr. T. A. Randall, of Warren, Pa.,
fora large number of living menopoma allelghen/cnsis from the Allegheny
river. Such of tleso as survived were sent to several of the Zoologi.
cal Gardens of Europe, and others will probably bo transmitted in tle
ensuing spring.
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Investigations.-As in previous years, tho natural history material
collected by the Smithsonian Institution has been freely distributed
to special investigators for examination and description, among whom
are the following:
Thomas Bland, New York ; univalve shells from Mexico arn Bogotn.

D. E. R. Beadle, Philadelphia; shells of various portions of the globe.
Dr. T. M. Brower, Boston ; nests and eggs of North American birds,
to be included in Part 2, North American Oology. Dr. P. P. Carpen-
ter, Montreal ; mounted chitons and British shells, shells of Puget
Sound, Santa Barbara, California, and Nicaragua. John Cassin,
Philadelphia; all tlhe cterilcc, Ihamplhastidc(, and Trogon4wdc of the
Smithsonian collection, for monographingg; birds collected in Ecuador,
and on the Upper Amazon. Professor E. D. Cope, Philadelphia ; rep-
tiles from Mexico, New Grenada, Navassa, Vancouver island, Sitka,
&c.; entire Smithsonian collection of salamanders for a monograph;
recent and fossil bones of cetaceans and saurians. Dr. Elliot Coues,
U. S. A., Columbia, S. C.; entire Smithsonian collection of alcidce
for a monograph. Thomas Davidson, London; types of fossils for
comparison . . I Edwards, Newburgh, N. Y.; lepidoptera of
Mexico, Colombia, and western North America. D. G. Elliot, New
York; North American birds to be figured in his work on Birds of
America. Professor T. Egleston, New York; specimens of minerals
froIn various parts of tho world. John Gould, London ; types of new
and rare species of humming birds, described by Mr. Lawrence, from
the collection of the Smnithsonian Institution. George N. Lawrence,
New York ; various collections of humming birds, and general col-
lections of birds of Costa Rica, Bogota, and western Mexico. Isaac
Lea, Philadelphia; unionidao from various portions of North America.
Dr. Josphl Leidy, Plliladelphia ; fossil remains of vertebrate from
Colorado, &c. F.B. . eek, Washington ; invertebrate fossils, from
Nebralska, &ce. Lewis H. M1organ, New York ; skulls of American
and European beaver. Baron R. Ostensacken ; diptera of Mexico,
&c., illsect galls from Plover bay, Northeast Siberia. Tryon Reak-
irt, 1Philadelphia; lepidoptera of Colombia. Dr. I. T. Rothrock;
plants collected it) Russian America. S. I. Scudder, Boston ; orthop-
tora of Mexico andl other parts of North America. Dr. W. Stimpson,
Chicago ; marine invertebrata collected by Ford. Bischoff, W. I.
Dall stand others, on the northwest coast of North America. Dr. P.
L. Slater, London ; collection of birlis made about Conclutas, Buenos
Ayres, by W. .II ud:don. Dr. John Torrey, New York ; collections
of plants of various parts of the world. P. R. Uller, Baltimore;
heriptera of Mexico and America generally. Dr. U. 0. Wood, jr.,
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l'hiladcllphia ; general collections of myriapoda. Professor Jeffrics
Wyman, Cambridge ; skulls of Pacific coast Indians. The insects have
been sent to the Entomological Society of Philadelphia to be iden-
tified and preserved.
Professor Baird has continued, as other duties would permit, his

investigations in regard to the birds of America, of which 450 pages
have already been printed, under the title of "Review of American
Birds in theMluseum of the Smithsonian Institution." The object of
this work is to define thel absolute and comparative characters of tleo
birds of America, and especially to trace with minute detail their
distribution during the breeding season, and the extent and character
of their migratioins. He has also been engaged in digesting and col.
lating for publication by the Institution the mass of original notes
contributed by Mr. Kennicott. Mr. MacFarlane, Mr. Ross, and others,
relative to the natural history of the regions north of the United
States, which are believed to embody much original information.
The records of the Institution have also been largely drawn upon

for materials required by part 2 of the North American Oology of
Dr. Brewer. As explained in previous reports, the object of this work
a1.0 is to present, in addition to the description of the nests and eggs
of the species, a complete account of their habits and geographical
distribution during the breeding season.
For tlh promotion of these objects, circulars and pamphlets con-

tainiing tlie necessary instruction to collectors have been issued for
several years past, and large returns obtained, which will greatly
extend our present knowledge. The notes containing information
attached to the specimens received by the Institution have been
carefully transcribed, and systematically arranged, so as to supply
conveniently any information required on tlhe subjects referred to.

In all cases in which specimens have been presented or lent to
investigators for facilitating their researches, or enabling them to
pursue certain lines of investigation, it is required that full credit for
the favor conferred, as filr as the facts may justify it, shall be given
to tihe Institution by the authors in their resulting publications. In
most cases this recognition has beefi fully complied with, but in a
fkvw \we are sorry to say the acknowledgments have not been of tho
character or extent to which the Institution was entitled.
The distribution of the duplicate spccirnens of the collections hias

been carried on as rapidly as practicable during the year. Thio most
imnllortant series sent off have consisted of skins and eggs ofarctic birls,
skins of mammals, shells, minerals, and ethnological specimens. The
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minerals were arranged and labelled for tlhe purpose by Professor
Egleston, tlol shells by Dr. P. P. Carpenter, tle etlhnological objects
by I)r. E. Foreman. As the collections generally become reduced to
order, identified, and duplicates eliminated, further distributions will
will take place. According to the account of Professor Baird, nearly
a quarter of' a million of different specimens have thus been sent
away to places where they are likely to be of use. It should be
borne in mind that in nearly every instance these specimens had pre-
viously been identified and labelled by the highest authorities, and
in fact served as types or standards of special reference.

Tlhe foregoing account of the disposition of the specimens collected
by the Institution will servo to illustrate the spirit and policy of tlo
establishment, as well as the working of tloe system of active opera-
tions in its relation to the advancement of natural history. Tho
same policy, but with more efficiency, would be continued, were Con-
gress to take charge of the museum, or mak6 separate provision for
its maintenance.

Besides the investigations in tlhe line of natural history, several
others have been commenced, at the charge and under the direction
of the Institution and are still in progress. George Gibbs, esq., lias
been engaged in collating and arranging for publication all the Indian
vocabularies which have been collected by the Institution. An
appropriation has boon made for a systematic exploration of mounds
and ancient remains in certain localities, of which an account will be
given in tlie next report. As is seen under the head of meteorology.
tlhe labors of Mr. Schott have been continued in the reduction and
discussion of observations. An appropriation lhas been made to assist
Prof. Win. Ferrel in a series of investigations. relative to the tides;
and another to Piof. Newcomb, of the National Observatory, to defray
the expense of' numerical calculations for his discussion of' the obser-
vations of tho planet Neptune. The Secretary, in connection with
General Poe, of tlhe Light-house Board, devoted a part of his summer
vacation to investigations in regard to tlhe penetration of sound, in
its relation to fog-signals. Thi remainder of the same vacation, as

well as a considerable amount of other time, was devoted to the
examination of subjects referred to him by the government, as pre-
siding officer of the National Academy of Sciences.

In addition to the collaborators in natural history already mentioned,
tlio Institution during tlie past year has been flavored with the gratui-
tons services of a number of other gentlemen in reporting upon ques-
tions proposed for solution, in examining memoirs, and in tile prepara-
tion of articles for the report. Among tlieso may be mentioned Prof.

54



REPORT OF THIE SECRETARY.

G. J. Brush, of Yale College; Dr. Gray, of Harvard; Profs. Newcomb
and IIarkness, of the Naval Observatory; I)rs. Woodwvard and Craig,
of tile Surgeon General's Office; Prof. Schaeffir and Mr. Taylor, of
the 'Patent Office; Mr. Gibbs, of Washington; Mr. C. Rau, of New
York; Prof. Chace, of Brown University.
National lMuJseum,-Much time has necessarily been consumed dur-

ing the past year in repairing the damage sustained by the specimens
and the gallery of exhibition in consequence of the. conflagration of
tho upper part of the building in 1865. The defective state of the
teml)orna'y roof permitted a large amount of moisture to enter the
walls, which kept tle hall in a constant state of dampness, covering
the specimens with mould. The entire collection has, however, been
examine ed(,dried, and cleaned; the shelves and the interior of the
cases, with the stands of the specimens, whitened; the ceilings and
walls frescoed, and new paint applied to most of thle. ood(work.
The most important work connected with the museum has been the

labelling andl preliminary arrangement of the extensive collection of
ethnological objects, and the separation of the duplicates. All tlo
collections of vertebrate as received have been catalogued and put in
place; many osteological specimens cleaned; bottles of alcoholic speci-
mens washed, &ce. The labelling and registering of the collection has
been continued as rapidly as possible, 13,221 entries having been
made during the year.
This museum is principally made up of tli type specimens of the

collections made by the various expeditions organized by tlie govern-
ment, as well as those projected and supported by tile Smithsonian
Institution itself, and owes but little to donations, and still less to
purchases. There is, however, a large debt due tle Institution from
foreign museunls, in the way of exchange, which we lhave no doubt will
be cheerfully discharged as soon as they are informed tilat Congress
has made provision for the sul-l)ort of a museum on a more extended
scale than that which the Smithsonian is able to maintain. Besides
the increase of the museum from the addition of type specimens
derived from the various collections examined and described during
tleo year, a number of foreign donations lhave been received, among
which are specimens of the products of tlhe iron miniesM and man-
nfiactures of Sweden, presented by Ilon. G. V. Fox, late Assistant
Secretary of tile Navy, and from tile same donor large and beautiful
specimens of graphllite from eastern Siberia, botli rough and wrought,
as well as exemiplifications of the rocks associated with it.

It may be recollected tlat whnll the government museum was
transferred to the Institution, it was stipulated that an appropriation
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should be annually made for it in this new depository, equivalent to
the cost of its support while in tlie Patent Office; and the appropria.
tion for this purpose had been limited until tle last session of Congress
to tile sum of' $4,000. But this sum, on account of the rapid increase
of the collections and the great advance in prices, is not now nearly
suificierit even for tlie preservation of the specimens, to say nothing
of tile equitable claim which the Institution might rightfully advance
for interest on thle money which it has expended in providing tlo
accommodations for this museum. It is but just to say that, in view
of the peculiar condition of our affairs, the appropriation was, last
year, temporarily increased to $10,000; but even were this con-
tinued, it would be still quite inadequate to the suitable maintenance
of a national museum.

National Library.-Tlho transfer of the library of the Institution to
the care of Congress, authorized in 1866, was completed during tlh
last year. The reasons for making this transfer were given in full
in the last report, but it may be proper briefly to recapitulate some
of the leading points.

First. The collection and support of a large library is not in strict
conformity with tlie will of Smithson, as now generally interpreted.

Second. The whole of the income would in time not be more than
sufficient to meet the wants of a rapidly growing library, the tendency
being to absorb more and more of tlhefunds with the increase of the
number of tile books, and hence even a library adequate to tlhe wants
of tile various departments of government can only be properly
supported by tlhe appropriations of Congress. Thle government has
already commenced such a library, and even if there were no objec-
tions to expending thle income of the bequest of Smithson in the pur-
chase of books and the maintenance of' a library, it would be unneces-

sary to establisll two libraries in such close proximity.
Tldrd. By combining tile two libraries in one, the expense of

accommodations, of care and of management will be much diminished,
and a greater facility as to consulting tile works afforded.

FourIth. Thle portion of the Smnithsonian building in -which the library
was deposited is not fire-proof, and was filled to overflowing, while fur-
ther accommodations and protection could not be aflbrded wlithlout
encroachment on tlhe funds which ihad been set apart as the perma-
rent capital.

Fif'l. IBy the terms of tle transfer, the cataloguing, binding, and
entire care and management of tile books are at tile expense of the
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government, and consequently an important portion of tle income is
made available for active operations.

Sixlt. Tlho transfer lhas furthermore tended to awaken anll interest
in the library of Congress, which cannot fail to render it, under
the energetic superintendence of tlie librarian, Mr. Spofford, worthy
of the nation. At tlio last session of Congress an appropriation of
$100,000 was made for the purchase of the library of Mr. Peter Force,
consisting of books relating to America, and witli these additions tlo
library of Congress is the largest in the United States,* and may even
now with propriety be denominated, as we have ventured to call it,
the National Library.
By tile law authorizing the transfer, the Institution is at liberty to

draw any bool-s it may require for its use either from its own collec-
tion or from those of Congress. It is proposed, as soon as tho
regents' room is properly provided witli cases, to keep in tlhe Institu-
tion such books as are most frequently required for consultation in its
operations, and fortunately a considerable number of tliese are dupli-
cates in tlce two libraries.

Sevenitd. The books transferred to tlm National Library are in
maniy cases suchl as could not bo obtained by purchase, and Iaro pres-
ents to tlhe Institution from tlie old libraries of Europe, consisting of
transactions and other publications of learned societies, forming a

special collection notonly ranking first in this country, but ono of tlie
best in tlh world.
Neither is it the value of tie books already transferred whlicll is to

be considered, but also the perpetual increase of tlic several series of
scientific transactions in their continuations from year to year wliicll
are regularly suppllied in exchange for tlhe publications of tlio Insti.
tution.

Tlie collections of transactions of societies contain the record of
t.li actual progress of the world in all tliat essentially pertains to tlhe
mental and physical development of tile human family, anld as it hlias
been tile aim of the Smithsonian Institution from tlio first to establish
exchanges with all societies of this character, tlle list of those now

in tlic national library includes, with scarcely any important excep-
tion, tlie whole series of the world, and affords tino means tlcreforo of
tracing tlce Iiistory of tt least every branch of positive science siInc
the days of tlie revival of letters until tlie present time.
The use of tlhis library for tile pur)Ipos of research will soon bo

much facilitated and its treasures brougilt more generally into requi-
In January, 186t3, it contained 163,467 volumes.
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sition by the publication of tile classified index of all the physical
papers in ilte transactions of learned societies and in scientific peri-
odicals which hias been in course of preparation for the last ten years
by the Royal Society of London, and of which the printing of the first
volulne has just been completed. It may be recollected that the
preparation of this index resulted from a letter addressed to the Brit-
ish Association in 1855, by the Secretary of this Institution, setting
forth 'lie advantages to science of such a work, that tlio matter was
referred to a comnmitteo of the Association, reported favorably upon,
and recommended for execution to the Royal Society. As soon as
this work is publlished copies will be procured by the principal libra-
ries an(l institutions in this country. Any person, then, desiring to
investigate a special point in any branch of science, will be able to
find a reference to the transactions, journals or proceedings in Nwhich
it is contained ; and as tlhe most perfect eat of these is to be found in
the National Library, it will become a centre of information on scien-
tific subjects. It may also be remarked that the National Library is
now accessible to all persons during every week-day in the year, with
thl exception of one month devoted to cleaning and arranging.

In the arrangement of the compound library the principle part of
thie Smithson collection, that is, tle scientific transactions, will form a

department by itself in which works of a similar character previously
belonging tc he library of Congress will be incorporated, while tlio
miscellaneous books of the Institution will be arranged witl tlho works
of a similar class already in that library. A complete catalogue of
all tie transactions belonging to the Smithson library up to 1866 was

prepare'' adad published by the Institution, and a general catalogue
of tlih whole National Library is now in tlhe press, in which the books
of tlhe Institution are designated by thio letter-S.
Some idea may bo formed of the value of the annual contributions

from: the exchanges of the Institution, when it is mentioned that it
includes tlhe publications of 1,081 societies, besides largo donations
from governments, libraries, and individuals, and that these publica-
tions are principally of a very expensive character, illustrated by
costly.engravings and in many cases by colored plates. Thli following
is a statement of the number of establishments in different parts of
the world which have contributed to the Smithson library, and which
it is expected will continue their contributions from year to year for
an indefinite period.
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Number of societies sending their publications in exchange to the Smithsonian
Inslitllion.

Gerlmany ...... ... ....

Great Britain and Ireland .
Franl)ce .... ...· . ......

United States ............

Italy .... ...... .... ....

Iolland ...... ...... ....

Ru ssia..i..............
Switzerl and .............

Canada ...........

Belgiiim ...... ..........

'Australia ...... .... ....

D)c mark ...... ..........

Swedlen ......... ......

Ilindost n ..... ..........

Norway ...... ..........

Spain ...... ............

C(u ... . ............

304
194
113
100
70
48
46
35
20
19
15
13
12
11
9
7
G

East Indies ............
Cwhile ..................

Portugal ................

Turkey ................
Mauritius ...............

A frtice ... ............ ...

China .. .............

Brazil ..................

G reece ...... .... ......

Egy,pt ..................

Bogota .... ...... ......

Buenos Ayres ............
Jamaica ...... ..........

M exico ... . ...... .....

Trinidad ................

Making in all ........ 1,081

To the list of correspondents during the past year we may add the
Institute of Egypt, founded at Alexandria, in 1859, from which we

have received the first volume of its transactions and several numbers
of its proceedings. These works form, as it were, an epochlin tlle
history of modern civilization, which, originally cradled in the valley
of the Nile, now returns, after having changed tle condition of
western Europe, to the place of its birth, destined, we trust, to rouse
from its long apathy "the country in which Pythagoras courted
wisdom and Ilerodotus unveiled the sources of history.'" A library
and collections have been formed, which are rapidly increasing, and
which even nowlo it is stated are capable of rendering essential service
to the explorers of the valley of tile Nile. Although the French lan-
guage has been adopted for telo reports and also fbr correspondence
between the members of the society and the learned institutions of
tlhe west anld east, yet tle contributions of authors are presented in
their original form and style, and hence the present volume includes
memoirs in French, Italian, Greek, and Arabic, with illustrations in
the hieroglyphic, Coptic, and Hebrew. To some of these memoirs,
explanations, rather than strict translations, are appended.

4
4
3
3
2
2
2
2
1
1
1
1
1
1
1
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The following is a statement of the books, maps and charts received
by exchange, in 18G7, and deposited in the National Library:
Volumes:

Octavo. ......... ...... .................. 1,088
Qnarto . . ...................... 383
Folio .. . .... ......... .............. .. 8

1,557
Parts of volumes and pamphlets:

Octla o .... ... ......... ........... ..... 2.689
Quarto ........ ...... .. ............ ...... 1,057
Folio . ... .... ...................... 200

- 3,940
IMalps and clarts ,. ... ...... ..... . ... ...... 38

Total receipts ..... . .. .. 5, 831

Among the more interesting additions to the library during the
year is the work of Dr. Hochstetter, on New Zealand. This gentle-
man was one of the scientific corps of the celebrated Austrian explor-
ing expedition on board the Novara, and when the vessel arrived in
New Zealand, lie was left, at the request of the governor of tile colony,
to make a geological exploration of the islands. The results of his
labors are embodied in a special work, which conveys a great amount
of information relative to the geography and natural history of tile
country. Originally published in the German language, ian English
translation has appeared in Stuttgardt, made by Mr. Edward Sauter,
of Little Rock, Arkansas, to whom we are indebted fbr a copy of the
work.

But perhaps tho most valuable donation received during the past
year is that from Hon,. G. V. Fox, late Assistant Secretary of the
Navy, through the Department of State. It consists of articles pro.
sented to him on the occasion of his recent visit to Russia as the bearer
to the Emperor of a resolution of Congress congratulating his Majesty
on his escape from assassination. They embrace 179 volumes, finely
bound, many in quarto and large octavo ; 15 atlases and albums,
some "eagle," others "elephant" folio size, all bound in cloth or

morocco; 72 maps, some in covers and cases ; 4 city plans, in cases,
and 12 pamphlets-making in all 283 pieces, illustrating the physi-
cal geography, ethnology, and resources of the Russian empire.
The character of this gift will be properly appreciated when it is
stated that, by a joint resolution of Congress, Mr. Fox was author
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ized to accept these books as additions to his own library, but, with
commendable liberality, he has presented them to the Smithsonian
Institution, to form part of the collections deposited in the National
Library. They are principally in the French and Russian languages,
and we Ihave availed ourselves of the services of Mr. II.HI. Kalusow-
ski, of the Treasury department , for the means of access to a knowl-
edge of their rich contents.

'The following are also some of the larger donations received in
1867:

Riksbiblioteket, Stockholm, 44 volumes.
Bergeturk Museum, Bergen, Norway, 8 volumes and 7 pamphlets.
Imperial Academy of Sciences, St. Petersburg, 11 volumes and 16

pamphlets, completing some of the early series of their publications.
IIydrographical Department of the Ministry of Marino, St. Peters-

burg, 38 volumes, 7 pamphlets, and 174 charts.
Imperial Free Economical Society, St. Petersburg, 12 volumes

"Transactions.
Finland Society of Sciences, clelsingfors, 13 volumes.
Imperial Geographical Society, St. Petersburg, 16 volumes and 33

pamphlets.
Verein zur BefOrderung des Gewerbfleisses in Preussen, Berlin, 40

volumes and 2 pamphlets, nearly completing the l Vcrhandlungen."'
Kais. Akademio der Wissenschaftcn, Vienna, 13 volumes and 33

pamphlets.
K. Statistisch.lCentral Commission, Vienna, 37 volumes and GO

pamphlets.
R. Istituto Lombardo di Scionze, Lettero ed Arti, MilarT, 15 volumes

and 27 pamphlets.
Minister di Agricoltura, Industria e Commercio, Flornce, 10 vol-

umes and 2 pamphlets.
R. Istituto d' Incorragiamento allow Scienze Naturale, Economicho

o Technologiche, Naples, 17 volumes and 23 pamphlets.
British Archlological Association, 16 volumes and 9 pamphlets,

nearly completing tlho "Journal."
British Museum, 9 volumes.
Museum of Practical Geology and Geological Survey, London, 10

volumes and 19 pamphlets.
Institut Egyptien, Alexandria, the first volume of transactions and

9 numbers of bulletin.
Mining Department, Melbourne, 12 volumes and 17 pamphlets.
Real Sociedad Economico do Amijos del Pais, Habana, 256 volumes,

chiefly theological.
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American Board of Commissioners tor Forcign Affairs, Boston, 36
volumes and 53 pamphlets.

MaIsachusetts State Board of Agriculture, 13 volumes and 7 pam.
pallets.

J. G(. Cotta, Augsburg, 15 volumes.
I)r. Kl:rl KIocl, Berlin, 205 pamphlets.
Julstus Pertlies, Gotlia, 12 volumes and 16 pamphlets.
F. A. Brockhlaus, Leipzig, 13 volumes and G pamphlets.

Before concluding tile history of tihe Institution for 1867, it be.
comes my -duty to recall a painful event, which was announced to tle
Board at its meeting il February last. I allude to the death of Alex.
ander Dallas IBaclie, thle lead of tile United States Coast Survey, and
one of the original members of the Board of Regents. On the occa.
sion of thle announcement of this bereavement, which was received
with emotions of profound sorrow, the following resolutions, pre-
sented by IIo). J. W. Patterson, of New Hampshire, were unanimously
adopted:

'IRcsolrcd, That the highest honor is due to the memory of our
respected andl beloved associate, Professor ALEXANDER DALLAS BACTIE,
who, through so many years of active life, has devoted, unselfishly
and with untiring energy, great talents, profound acquirements and
undeviating integrity to the advance of art, science, education and
philanthropy.

" lRcsolvcd, That in the death of our lamented associate tils Institu-
tion, of which lie was a regent, and one of the executive committee
from its first organization to the time of his death, haJ lost an efficient
collaborator, a sagacious counsellor and zealous supporter.

"Resolved, That tlh members of the Board, in common with the
Secretary, lament in his departure tihe loss of a warm and tried per-
sonal friend, and that they will always cherish the memory of his
genial and sympathetic disposition, his gentle and prepossessing man-
lners, his refined taste, high moral perceptions and unswerving advo.
cacy of the riglt.

"lResolved, That a copy of these resolutions be transmitted to
tlhe widow of the deceased, and that the Secretary prepare a suitable
eulogy for insertion in the next annual report."

In compliance with the resolution of the board, I have collected
materials for a memoir of my lamented friend, Dr. Bache, and pre.
pared as full an account of his life and labors as my time and ability
would permit. The duty thus devolved upon me would have been
accepted with alacrity as a means of gratifying my feelings of regard
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and veneration had it not been associated in my mind, from the first,
with a sense of its difficulty and responsibility. I was awaro that it
was not enough to narrator the events of llis life, and to give a

recital of Iiis numerous and diversified labors; but that it would also
be necessary to analyze his mental and moral constitution, as well as

to trace tlie influence which his career has hlad, and will continue to
have, on tlio advancement of science and education in this country.
To fulfil this satisfactorily, though a duty not to be declined, is a

labor requiring much care, and involving much solicitude. Tlho
sketch whici 1 have prepared lhas been sent to Gei. Sabine for
insertion in the proceedings of the Royal Society of London, and in
view of my other pressing duties, it will be difficult for me to present
the complete eulogy to tih board at its present session. I therefore
crave the indutlgenco of being allowed to defer the publication until
tho appearance of tile report for 18GS.

Iespectfully submitted:
JO©31'.'IT 11 EIN 'Y,

,Sccrctary S',mitso:iahn 1 slutitton.
WASHINGTON, Jlanuary, 1SG8.
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FRoM TUIIRK ltI'OIT of' PltOF. S. F, BAIR3D.

A.-Table showing the statistics qf the Smilthsonian exchanges in 1S,97.

0 0 0*

Agent and country. 5 , ~- ,'

19 ;i

:'EI.iX Ii(;flL, ipsic-
l\{usi;m ............................ 19 70 ........ ........ ........

G rmniAny .......................... 3: 3 ........ .

Switzerland ........... . 35 12

'Total ........................ . 5)7 |1;1:| 1 ),,-5

Sweden ........................... 13 '22 . ..............

Norway ...........................
Dentmark 1 20 ........................

hteltand . ...... ... ........

1,1oland ........................... 1 ........ ........

Belgium........1 .............. ......... 1

Total ... ............ ... 10 110 15 11jl ,7iS )

OSSAN(fE, Pan?-
France ............................ 113 122 ............. ........

Spain.. .............. ..... . 7 7 ........................

Portuigial ................ 3 ... ......

Total ............3.... ....... 1 1.3S 8

Great Britain and Ireland ........... 197 30 21 18 4, 0

of world ......................... 101 ,0

Total ..... ..........1.....11... | 975 2,5
__---- -~-~~- ------------I ~ ~~

""°t
_ __

1.--Packages received by /the Smithsonzin Institution from parties in A mrica for
reign distribution in 1867.

No. of pkgt
Albany, N. Y.-

A lbalny Inlltitute ........................................ 16
Dudley Observatory...... ......... .. ............. . 7
New York State Agricultural Society..................... 55
New York State iloaeoplatllio Societ .................... 6
Secretary of state ........................................ 12
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No. of pk;'.

Bostol, Mass.-
A, crican A.cademv of Arts and Scienices ................... 'lI
Board otf State C: iiuities .................................:.
BI :stonll Soci(et (oi NatStrll lliistorl\. ........................ i,'.)(
Ml unici lliity lf IBostoni ................................... 1
1)r. ew .. .... . . .... .. . ....... ......... .. ... . ....

S. 11. Sclddelr. .. .. .. ...............................

Charle:l s S u nllniel ........................................ 1 ()
D)rs. Wa\rr' lll:n stor(..l ................................. . . .3)

',,,l/l/nc , 1N'. s.-
I.~limg' IslandHI historical ity ............................. 1'

(.amildil('{/, 3[(!s,¢ .-

Am'ricai A4ssociation f;r.Advanc1in (iiifu' Sci'l(I ...........;..

(.':IuIIIli, l , () lls rva(lrV.\'.. .......................... ...... 2 )
H;arvardl (C',ll,-('L.......................................... ':!
.\MusIel1111 (' Ilprative %ZooI! ........................... ;5'?-
Ilrof. A:sa (I' --.......................................... I!)

Ci,1umbus. , Otio-
( lio State loard of A gricultll re.0.........................

F.'l,,}n, P(I.-
Rev. l.vil.al Cle.mll ..................... .............. 10

I,'t;,ffrd, C01.-
A\ llericalll A;syi I forDl)('f and -)11111 ......................

Jaonesville', lis.-
Institiiton for the 3Blind .................................. 1]2

itle Roc', Ark.-
Stalte oft IrkaI sas ....................................... 20

.art lindillet, . .-

l v. W\. I. Loomii. ...... ............................... 20

Jfion/cal, Can.-
Prof. J. . l)awson ...................................... 33

Xc IJc dJordl, Mass.-
J. 1I. ' h'llmS1,,.n ......................................... 1

Yew Ilar'nl, Conn.-
(Clonl ectilcut Aca:(l lv (of Sciellce .......................... 50
'Prof: (. . J.I,. rsll ........ ...............................

1Prof. J. D . Dana ....................................... 31
Prof.' 0. C. .Marsh ....................................... 5
Prof. A. 1,. Verrill ..................................... 1I

Cew York;, N. Y.-
America Ilustitute ...................................... 4
New York L.vc(um of Natural llistory. ....... .............. 116i
Amleric an Christian Commission............................ li
United States Sallit:lar Colllm issioll ..........................
Mrs. S:nel Colt.................................... 16
A . . Edwardl s ......................................... 1
)r. J. S. Newberr .................................... 9

5 s
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No
or thalnpon,l([a.¢..--

,State ,llunatic A;svllin ................. .................

Philadelphia, Pa.-
.Academny of Natural Sciences . ............................

\American P'larinaceuitical Aissioc'iti- .......................

Alcrical ]h)ilo,,,lllical*,,cit .......... .................

Co(nchollgical Secttion,Aceadl,!cl Natulral Scincl'............
llistoric:l Society of .Pelnylvatnia ........................innislmalctic and Antitliari1an S ciety....... ................

Pennsylsvania litro se of'Rl,fl v...........................
lennsyl-vania llistitutit tio t;r D):af landl )il). ................

P'ris n D)i:.ciplinie S ,,ciet .................................
J public Scoltolds ........................................

J ames Barcla.c ................ ...................
Rev.I . It.,1a.dl .. ........................ ...........

HIenry C. Lea. ....................................

Princeton, N.J,.-
A. 1). l o,wn................... ........................

Providewlne, I. I.-
)Dr. I. 1. S.rio: .......................................
Edwini1. ,Shtlt-........................................

Qlbtclc, C(anl.--
ILiterarv and fl istrt ical Sct iet. ................ ....... ..

Salcm, 3r1ss.
Essex Iristi lltt .........................................
D)r. A. S. I';ac(karl; ............................ ........

San Filrancisco, C(dl.-
Ca:litfoni:a A\cth;levli fNt aill'tl t'Sci'llnc''. ...................

St. Loui.s, M)j.-
Acadelmy of Scicitcs....................................

St. Paul, Mlli.-
inniil e.s ta llisto,: i,:ll S, il; t ..............................

South Bethlehem, P'a.-
1)i . J'.M. W\tlirill.....................................

Toronto, Can.-
Canadian Institute. ............ ......................

lVashinglon, D. C.-
Columbia Institute fur eI)cfanfl lD)mltl .......
IIydrographic Oflice, Navy ])(clart ent .......
Medical departmentt Unittel States Arlmy.....
Public Schools . ...................

Secretary of War1.......................
United States Coast Si;rvey ...............
United States Engilleer l)epartmienit .........
United States Iospital fur Insat ...........

United States Naval Observatory ...........
United States Patent Otlice.................

of lkg;.

36

7
ii;',

1 60

1 00
I100

.1

9

4

C(;
1

31

(i

1S

2G

5

50
61
51

200
500
141
2

188
216

7

..............

..............

..............

..............

..............

..............

..............

..............

..............

..............
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satshinf/ton, D. C.-Conltined.
('levclanid Albel .........................
Archibald Ca plll ll .......................
J. I)isturnell ..............................
Admiral )avis ...........................
])r. Elliot Cl c ...........................

.'h. l ('oescl'ci .............................
J . I I.C ..'.,t.in.................. ...........

A. lt. Rossler....... .....................

I'Ceter F Irce ............................
D r. JKin .................................

C.-achkages received by the Smilhsonian InlStilution front Europe in 1867, for
distribution in A terica.

ALANY, NEW YOtK,.

Albany Instit ute ..................
IlIhrenl r, Mlilitary Statistics...
Iiil!e'()Obl)ervltry .. ... .........
lHliiii(oliithic Mvdical Societyt......
New York State Agricultural Society..
New York State Library ............
New York State Meidlical Society .....
New York Stato Inliversilt .........
State Cabinet of Natural listory.....

AMIIEIISTr, MASSACIIUtETTS.

Amllerst College ... ................

ANN AlRllOll, MICIII(;AN,

Observatory ........ .............

AUlUSTA, MAINE.

Maine Insaine Ihospital .........

AUSTIN, TEXAS.

Texas State Lunatic Hospital ........

IAI,'TJIOIi, MARYLAND.

Marylavnd Academy ................

IlarylaIl(l I istoricell Society.......
Mdiieal ]Iospiital for Insaune........
I'eabody Institute ..................

ItLACK\VI,,LL'S ISLAND, NEW YORK.

IIOS'rON, MASSAC'I 'SETTS.

Ci4
21

1
18

3

2

1

6

1

1

1
1)

I

, American Academy of Arts and Sci-
ences .......... .. ......

Americlan Statistical Association ....
American UJnitarian Association.....
Boston Clristian lRigiater ..........
Boston Journal of Medicine .........

Boston Society of Natural History...
Bowditch Library .................
Christian Examiner ...............
,Massachusetts Historical Society ....
Mercantile Library Associationl.....
North American lievi\v ............
Perkins Institutioni for tlih Blind ....

I Prison disciplinee Society........
1Public Library ......... ...........
State Library .....................

BUFFAIO, NEW YORK.

I istorical Society .................

IIHATTI.EIIOIIOY,VERMONT.

Vermont Asylumn for Insane ........

BROOKLYN, NEW YORK.

Long Island historical Society.....
IRULNSWICK, MAINE.

,Bowdoin College ...............

nIl'LINGSTON, VERMONT.

University of Vormont.............

67
No. of pkgs.

t
9
I

60

. . . .. . . . . . . ..

. . . . . . . . . .. . I

.............. 300

............. 206,

6, 010

107
10
3
3
1

2U9
3
3
2

3
2

1J
7

I

1

1

1

Sew York City Lunaticc Asylum..... 1 1
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Pw:'ktes received byy Smithlsonian Institution, d'c.-Continued.

CIIARLOTTESVII,LE, VIRGINIA.

Univeihity of Virginia ..............

CIIARLESTON, SOUl II CAROLINA.

Elliott Society of Natural Iistory ....

Society libraryy ....................
South Carolinai Jistorical Society ....

CAMIIRIDGE, MASSACIIUSETT"lS.

American Associntion for Adlvance-
men:it of Science ..................

Astronomiicail .,urnal..............
Harvard College ...................

Mutseuml of Cll pHrHtrive Zoology ....
Observatory of Hrlrvarrd College .....

CANANI)A.IGUA, NEW YORK.

Brighamni Hll Asylum .............

CIIICAGO, II.LINOIS.

Chicago Aclademy of Science.........
Historical Society .................
Observatory...........- ........

CICINNATI, 01110.

Historical and Philosophical Society..
Mercantile Library.................
Observatory .......................

CLINTON, NEW YORK.

Observatory of Hamiilton College....
COI.IUMIIIA, SlOCTl CAROLINA.

South Carolina College ............

CO LU.1IICUS, OIIIO.

Central Iunatic Asylum .............

Ohio State Board o' Agricullure......
CONCORI), NEW IIAMI'SIIIEIRI-._

New HIampshire Asylum ............

New Hlanilshire historical Society ....

IANVILLI, KENTUCKY.

Institution for Deaf and Dumbr......

DIS MOINES, IOWA.

Governor of the State of Iowa......
State Library .....................

I° * i
II

X 75 I1;
E
A !!

2

'2

1i
';1;

i

2

I

7l

4'11

!3 ij

2 1

i
1iII4

Iii

II1
64

1
2

1

D)A Y'TON, 01110. --

Southern Lunatic Asyluml..........
I)DE'ROI'IT, MICHIG(;AN.

Historical Society.................
Michigan State Agricultural Society.

FLATBUSII, NEWF'i )K.

Iing's County Lunatic Asylum.....
FRAiNKFOItR), I'PENNSYI.VANIA.

Asylum for Insalne.................

FRANKFO'(RT, KIlNTUCKY'.

Geological Survey of Keintucky....

FLUITON, MIISO()I'nI.

SttateLunatic Asylum.......-.....
GAMIIIEIt O01110.

Kenyon College ...................

GEORGET(WN, I). C.

Georgetown College ..............

IIALIFAX, NOVA SCOTIA.

Nova Scotian Institute of Natural
Sciences .......... ... ........

IHANOVER, NE:W I1AMIPSiIRE.

Dartmouth College .............

IIARRISIIURGI, PENNSYLVANIA.

State Library ....................

State Lunatic hospital .............

IIARTFORl), CONNECTICLUT.

American Institution for Deaf and
I )unm. ..........................

historical Society..................
Retreat for Insane .................

Trinity (ollego....................
'ouIng M'n's Institute.............

IIO1'KINSYI.LE, KENTUCKY.

Western Lunatic Asylum...........

1

1
10

1

G

1

13

1

1

1

1
1
1

1

_.I

68

I

1

J

124
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PackagesrCceived by S'mithSOnlUlnf Institution, d'c.-Conltilned.

IOWA CITY, IOWA.

Slate University....................
JACISON, LOUISIANA.

Insane Asyluml .....................
JACISONVI1LLE, ILLINOIS.

Institution for the Blind ............

JANESVILLE , WISCONSIN.

Institution for Blind ...............

JEFIEIIS)N CITY,tMISSOURI.

Governor of the State of Missouri.....

KINGSTrON, JAMAICA.

Jamaica Society of Arts.............

LEXINGT(ON, KIENTUCKY.

Eastern Luna'ic Asylum ..........

LITTLE IOCK, AlRKANSAS.

State Librnry ......................
State University ...................

MIADISON, WISCONSIN.

Emigration Bureau .................

State I historical Society of Wisconsin.
State Iibrary ......................

Siate I university ...................
Wisconsin Natutrll Ilistiry Society...
Wisconsin State Agricultural Society.

MILL CRIIIEK, OIO.

Hnamilton County Lunatic Asylum ...

MONTI'ELIEIR, VERMONT.

Historical Society of Vermont .......

Sutte Library ....................

MON'I1REA ., CANADA.

Natural Iistory Society...........
lMOUNT P'I.EAANT, IOWA.

Wesloyan University ..............

NASIIVILLI:, TENNESSEE.

Ilospital for Insane .................

35

1

1

5

1

1

1

41
4

1
8
6

1I

I

1

2

8

1

NEWARK, NEW JERSEY.

Historical Society of New Jersey....
NEWIIURGC, 01110.

Northern LunaticAsylum ..........

NEWV' AVEN, CONNECTICIUT.

American Journal of Science and Art
American Oriental Society..........
Connecticut Academy of Sciences...
Yale College ......................

NEW ORLEANS, LOUISIANA.

New Orleans Academy of Sciences...

NEW YO"K, NEW YORK.

American Christian Commission ...
American Ethnological Society .....
American Geographical and Statisti-

cal Society ...................
American Institute ...............
Astor Iibrary....................
Bloomingdale Asylum for Insale....
Courier des Etats Unis .............

1Historical Society .................
Mercantile Library Association .....
Now York Academy of Medicine....
New York Christian Enquirer......
New York Institution for Blind ....
New York Institution for Deal anid
Dumb......................

New York Lyceum of Natural 1 history
School of Mines ...... .............
United States Sanitary Comlmission..
University .............. ......

PIIILADELIIIIA, PENNSYLVANIA.

Academy of Natural Sciences ......
American Journal of Conchology...
American Entomological Society ....
American lPharmaceutical Associat'u.
American Philosophical Society.....
Central Iigh School ...............
Central Ifigh School Observatory ..

Franklin Institute .................

Girard College ....................

Historical Society of I'ennsylvmnia..
Library Company.................
Medical and Chirurgical Review ....
Naval Review ....................

Peninsylvania I horticultural Society .
Pennsylvania Ilospital for Insane..
Pennsylvania Iinstitute for Blind ....

Penlnsylvania Institute for L)Dal' and
Dumb...........................

Wagner Free Instituo .............

69

<.
0 C|tz

G :e
1

51
25

14

35

12
14

54
9
5
I

1

1
96

3
14
5

21

7
,o

1
5

1

1
7
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1'ackAiqs r.ceirclbr l Smilthsonian Institution, &c.-Contiuled

I'lPlTTSII'StG, PENNSYIVANIA.

Western 'ennsylvanialn ospital......
PORTLAND,NMAINE.

Portland Society of Natural History..
PRINCETON, NEW JERSEY.

College of New Jersey...............

'PROVID)ENCE, IRODE ISLAND.

Brown University ............

Butler 11iopital lor Insane ...........

iIode Island lHistorical Society......
secretary of State .................

QUEBEC, CANAIDA.

Literary and Historical Society .....
Observatory ............... ......

RALE.IGIt, NORTII CAROLINA.

Insane Asylum ....................

IIICIIMOND, VIRGINIA.

Stato Library.......................
SACRAMENTO, CALIFORNIA.

State Agricultural Society ..........

ST. JOIN'S, NEW IRItUNSWICK.

Natural History Society of Now
Brunswick ......................

ST. LOUIS, MISSOURI.

St. Louis Academy of Science.s.......
Slavni cdiPoReaki.uzom. ..........

University ... ....................

ST. PAUL, MINNESOTA.

Historical Society ..................

SAI,IM, MASSACIUSETTS.

Essex Institute.....................

SAN FRANCISCO, CALIFORNIA.

California Academy of Natural Sci-
(ences ............................

Observatory ......................

SOMERVILLE, MASSACIIUS'rIES.
McLean InJano Asylum ............

.- IC '1
1: LL

X,
=

1i
_ _I,

ijI \.

'I
ii

I

1
1

I:
I

I

I

1

1

115
1
2

:O

10

r01
I

I

STAUNTON, VI R;INIA.

Westorn Lunatic Asylum .........

TRENTON, NEW JERSEY.

State Lunatic Hlospital ............

TORONTO, CANADA.

('anadian Institute .................

Observatory ....... ............

UTICA, NEW YORK.

Anerican Journal of Insanity .......
New York State Lunalic Asylum....

WASIINGrON, I). C.

Amnerican Nautical Alinniae.:.....
IBrearu of Navigation . ..............

ltirmea of Statistics ..............
('"lnsis Office......................
('oiinissioner for Indian Affairs.....
Library of Congress ............

Medical Department ...............

National Academy of Sciences.......
Ordnance Bulreau................
Secretary of the Navy.............
Secretary of Warr..................
State Department. .................
Treasury Department..............
United States Coast Survey.. ...
U united States Department of Agricul-

ture ...........................

JUnited States Navul Observatory....
United States Patent Office ........
War Department ..........

Washington Public Schools.........

WEST POINT, NEW YOIK.

United States Military Academy ....

WII,.IAMISIIURG, VIRGINIA.

Eastern Lunatic Asylum..........
VWORCESTERI, MASSACH(USETTS.

American Antiquarian Society ...... 7
.State Lunatic Ilospital .............. I

.._
Total addresses of institutions. .19
Total addresses of individuals. 150

Total number of parcels to
institutions ...............2, 356

Total number of parcels to indi-
viduals .... ............. 615

70

,
0 t
.C:

1

1

5
3

1
1

4
2

7
4
2
1

7
4
24
7
1
6
4
2

54

2
103
149
3
1

1

2

.'47

2,971
i_-===

_ ·I
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1).--Copy of circtlir relatiic to e.rcluanies of gorc)rnrlu' (,) tuim'lns.

SxflTlISONiAN LN.STITUTIO)N,
IWlSlyhnion,U,S.A..., May 1, ISO67.

A law has just been passed iy tile Congress of the United Stlates atilhriz-
iiL.' tlhe etxctnl:ll,, uIder directi(io of the Smiitsonian Istinittilion, of a cr(t:li!l
1numilri of all liUnited States olicial documents for the corrcspoliding piildica.
ti,,s of other grove'lrnments thronglhouit tlie world; the returns to be placed in
the national library at Washington. The works to Lo distribllitd uniider this
:law will consist olf relorlts and proceedings of Congress, messages of til lr'csi-
denllt, Iannuil11 rt.l),S a1d (o)"casionatl plilicatiolls of (delpIartelts an(d blUirelas,
&c.. thle \wlole relating to tlihe rleislaition, juiiisplruIdenc, foreitig relations, c1ill-
1crce,, statistic rts,artmanu1 factulilres ,tricult'eh,rflhyll rographl , &c.,

of the United States, aIl incliliing everything,i of whatever nature, published,
either I) direct (order of Congress ort 1y anyiof tlie (departlilulnts of' t le gove.;'n-
uleot. The series will embrace a large 1numller of vollllumes each year, theImo(st
(i 'which are bHound.

'iThe ,object of thle law above mentioned is to, procure for t1ie use of thle Coin-
gress of the Unit ttedStates a coiilete series of tile Ipublications of other LroV-
criiiiivlnts, to include tlie docullients of' special Ib)1uea1s': or departmell(nts, as \wll
as the general publications, of' whatever natuilre, Iprinlted at. tle public expellse,
nld also elliracinig all such works a1 ar-e published by botoksellers with tile aid

of1 grants or subscriptions fiom governmenC' ts. 'The law is not retrospective,
although itmaylt cover slomeI of thle publications of tile last session of Congr'ess.
Some time will necessarily elapse beforethe first transmissioIns can lie made;

huitill order to organizera planll of excluhnge, to le lprWsenlted for collsid(eratito
to tlie LibiraIry Comminttee andl tle Jiblralianl of Congress, I beg leave to ask

111your adice as to the best. method of accompl)ishiiILg I(li objects iabve sta:tl.
It is important, to ascertainl whlat governlmi ts are williiL to llteter into the lp'I-
posed exchange and whether any one bureau oh' li'anclh oft government or plub-
lic libral'y in each country will undertake to collect all thle national publica-
tions, as above mentioned,( and rtranslmit them to Washiington, or whether slea-
Irte atirrlagemlenlts must be made with moire than onle police. T'lhe former 1plan
is considered preferable, as diminishing tile labor involved, a(nd may possibly
be adopted lb enactment, as lias eten dlonlle btv the United States. Wliatevler
method be most feasible, yto will conferlal flvorIl\by givinllg us such infollriatioll
on these and other points as may servIe lfoI our guidaihnce ill f'urtlher action.

Ilnfi'tlmation is also desired as to tlie titles and clIhar:at(er of' tlile (regular olli-
cill pillicatiolns of each collritry, and their average InuIlL(ber al(l xtenil ill each
yetacr ais well as tlio names of tlie diftlrent bum'eaus rofoices from which they
enallllate.

'Tle Smitlisonian Institution, in behalf ofothe Iilbrary of Congress, is pre-
pared to pomiise, if necessary, tlie delivery of the arbolle-entiolned lublica-
tions f'ree of cliargo for freight. It will also name an agent in each coulitry
0who will receive tile parcels or boxes cont:aining hlle exchanges retmi'uned, and
transmit, them to Washington.

lBsides tlhe exchailng (of complle(te series oft national pllblicatiols, thl law (of
congresss above stated aiiltholizes tlie distribiltion of'works ,nluspec('ial subjects
tI t(ie different beiltlis having them i (charge, as filllOaUTe, statistics, )ate, its,
agri'icultillu' &(., prvitl'tpiii thatcqics ot tohir Ipublications bet given in r'turln.

Very r'espectfl'lly, you)' obedient servant,
JOSEC8Pl' IHENItY,

Secretary Smilhitlsonianc Institution.
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E.--Table showing the entries inh the record books of the Smithsonian Institution
in 1865, 1866, and 1867.

Class. 1865.
i

- --------------------a - 1~-
Skeletons and skulls ....................................
iMammals ......................... ..............

Birds..................................................
Reptiles........... ..... . ......................
Fishes .. ..... ..............................
Eggs. of birds ....................... ....................

Crustaceans. .......... ................ ..........

Mollusks ...............................................
Radiates ........................... ..................

Annelides ........................... ......

Fossils ................................................
Mlinirals .-.........-.........................................
Ethnological specimens.................................
Pluts ............ . ... .............................

Total .... .. . .....................................

,, Gi;O
8, 41;

,40, 5'51I
i, 51
r, 5,-3

1MI. 1 ]837.

7, 10l 7,500
t ,66) 08,900)

4-51i u}( I,(0,16,:5 7, 1;'AI
,, '59! 5.';,.,5

9, 9:3 10,4(10 I 1;3;{3)
!1,'2e7 I1,'.7| 1,287

18,1,0;3 18,500 18,51U
2, 7'25 2, 75 , 725

110 1110 110
5,907!) , 9 0 6,, 60
1 ,9401 , 1,' -11 5, 150
I, 1 25 2, 2t0 5,400

.........--.. ....... 17

111,847 J l9,10 13 3-2,2

F.-,lpproximate table ofdistribution of duplicate specimens by thie Smithsonian
Institution to the end of 1867.

L)Ditrlbution to end I Distribution to
I of 1866. of E187.

Claa,

Oiteology ...............................
tliIm lu: ltd ...............................
irds ...................................

Reptiles ...............................
Fishbel ..................................
Itggi of bird. ............................
Sh1till. .................................
IltadiIto. ...............................
C('udtltcan .i...........................
Muriue iuverktbrauta generally ..........

1'it!tlti .................................
IF cadilt .................... .............

hiurtlUld \nd rucks ....................

Ethnology .............................

._

104
79-t

8, /79
1,641
'-, 3"4
3. ;99

67, 41-
551

1,0o:j
1,8:

13, 05(
, 971

1, 316
150

04

IJ

1, 574
1',a2G
2, 6;:9
5, '50
9, :379

162,' 14
7"7

2, 5i6
5, t5W
d, ,Iiri
7, 557
5,579

1',W
iTotal...... ....... ..... .. .. ........ .......3...3

ToWl .............................. ..105, 0!50 23, 300

14

Q

1,358
1833)

4, 52
.....

1

.

0

I
1

2,n 93

51)

7, 532

Total.

0.

105
808

9, 4:7
1, Gt;2
', 424
3, '87

71, 7li4
11'.i.

a

vC

105
1, 58

14,579
2,715
5, ,*,3

10, 1I1
169, 81A

7-47
..... .......... 1 *.

... ............... I 1,i3 2,516
.. ................ 1,8385, 1:'

3';) 401) 13, 3-'58 1. 70:
:190 1,370 :1, 3l P)927
372 481 1, 718 6, '9
898 8 ,1,048 1, P4'
1,l1J 1, 937 1, 191) ],!f;7

'.114 15,923 114, 164 21',

G.-ADDITIONS TO TIHE COL.ECTIONS OF THIE MITIISONIAN INSTITU-
'l'TON IN 1867.

Acadkmy of Natural S'cioncrs, P'hilde.(lphia.-Tcn mounted birds, various locali-
ties.

Alibcrt, J. P., (per llon. (J. V. Pox, Assistant Secretary United States Navy.)--
Mass of gral)hite niounted., witllIassociated rocks and mantfactured pencils,
Eastern Siibecria.

As/wiom,, G. TV.--Insect moll uses, reindeer lorns, Plover bay.
Austin, E. P.-rl'roee bottles of insects, near 3Mount Vernon, Virginia; 4 bIoxes

of insects from Ma\[ssaltliuset ts.
Ulanisctr, Henry JI.-Gencral collection natural history, St. M3icael's, Norton

Sound.

IlleL'

-- --- ---- ------ --

- -------------
l, _-

II
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Jarlseb, Franz.-Collection of mosses and alga, Austria.
b'clIr,rAlexander and F. White.-Largo stereoscope and views.ellN, l1annah.-J-dian stono relics, Allegany county, New York.
lkcrmny, Dr. F T.--Collection of vegetable fibres, &c., Missouri.
Blerlhoud, Dr. E. L.-Fossils, Indian relics, &c., Colorado.
Brigham d' M1ann.--Series of corals, Sandwich Islands.
jidtno, NA II.-Skins and eggs of birds of Cuba.
Bhilurllm , Charles and Gcorge.-Collcction of birds' eggs, lown.
Bhil:, IY' P.-Specimens of wool of mountain goat, iRissian America.
Bland, lThonmas.-Collcction of reptiles, spiders, &c., Inagua; 90 species of

land shells, America.
Bofmrltln, G. A.-lelmintoli pliagaplcregrina ; sterna of birds, skins, egg's, &c.,Maince.
iBold(lcr, Dr. IT. I.-Collection of plants, California; eggs of Grus caIadensis,Sierra Nevada, California.
Iidl, )Dr. TI/homas J.-Crotaphylits in alcohol, Choctaw nation.
BJhrecr, Dr. 7. ,1.-lTypes of eggs figured ill North American oology, various.
Bj}fr]tn, 0. V.-Box bird skins, fossil bones, &c.; miocenoe fossils, Maryland.Mhdl.'c'y, colonell Charles S., (Robert 1I. lKennicott, William 1. Dall, director's

of scicntilic corlps.)-28 boxes of collections of the Russian Overland Telc-
gripli Expedition, in all branches of natural history, collected in part lyBischllof; at Sitla.

Burton, lion. A. A..-Genoral zoological collections, minerals &c., Bogota;sulplhall o'f lbryt('s, Kentlckv.
BAuclbcr, Dr. 11.iJ.-General collection of birds, fossils, mamlnalh, Texas.Illdiell, i'.-Box shells, Clhappell island and Plover bay.
Ctlicil, Dr. C'. A.-Threo boxes zoological specimens, California.
Cairmwil, Jtlian.--Birds, 233 species, seeds of palms, &c.; Illmammals, slshlls,Costa Rica.
Clrtwi(, liclwrd.-Box of birds' eggs, Pennsylvania.
C('hr Bro!hers.-Collection of birds' eggs, Illinois.
Coiler, IB.A.-Birds' eggs, St. Michael's.
CW.', .. 'I .-Pelt trilfaction.
C(;oper, Dr. .'G.-Nests, eggs, birds, reptiles, shells, California.
(C'6cker, A llan.-Numerous birds' Ceggs, &c., Kansas.
Csaplka;, L. J., U. S. consul.-Carved wooden box, tobacco poucl, child's coat,(dl nkin, cl1p, c'ne, HIunary.D)all, I. lJ.-G(leneral collections, North Pacific ocean.
J)aris, IIfenI.-Indian relics and river shells, Iowa.
Dati/on, E. A.-Verte}br of fossil salurian, opposite Aquia creek, Virginlia.J)ithl, JIsrael S.-Wool of Angora goat raised in Olhio; casts of Assyrialn s1ls.])Oit, Cap'tain J. il1.-Skin of tern, Veragla.I;Edino1lnd., lion. .JT. -Stone axe, ancient mines of Lake Superior.Ed'tiards, D)aniel.-Indian stone relics, Genesee coullty, New York.Erndrcs, J. I.-HIumming birds in skilis andl in alcohol, Costa Rica.
Jel/lhcr, .-lRcindlleer hIorns, Plover Iba, Siberia.
Foreman, Dr. N'.-S1coJ) ttsio, (young,) Maryland.
FlIreman, IPr'ofssor.-Collection of reptiles, insects, vampnire bat, livilingachatina,fibrels o blood-root, &c., Liberia, Africa.lo.;, Ilon.. V. .U. ST.N.-Threo boxes minerals and metallurgic specimens,
Gibbs, George.-Specimens of limestone, Kansas.
Girud, J. P.-T'1ypes of " 16 ncw species of Texas birds," Texas.Glasco, .. MA.-G-rassho)pprs, Tlexas.
Glovcr, Prof'ssor T.-cSeds of Boelhmeria niresa.
Gouldlin, B. P.-Specimllns of nickel and cobalt, S-otland.
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Gray, Dr. C. C., U. S. A.-Six bottles insects, three boxes shells.
Gray, 1?. J.-Collection of birds from Mexico.
Grayson, Colonel A. J,.-One box of birds, Mazatlan.
Green, Jasper.-- ast of fossil plant, Schuylkill county, Pennsylvania.
G(i'en, T. I.--Indian stone relics, New York.
Grubcr, F.-Box of birds, California.
Hague, Henry.-B1ird skin, two skins of Panylpila stihicronymi and nest, small

box river shells, Guatemala.
Haining, WV. J.-Stone lamnp, Plover bay.
Hall, Ca. F.-Eggs of snowy owl andt pair of fur mittens, (Esquimaux,) Iludson's

Bay.
IIardeman, George.-Box bird skins, San Salvador.
Harvey c& Ilolden.-Specimlns of varieties of Ostrca virginca.
Hayes, I..-Skeleton and skulls of walrus, North Greenland.
Ilaylen, Dr. F1. V.t--osils, rocks, &c., Nebraska.
HIelper, f. -'.3-Bones of mastodon. fossil shells, Buenos Ayres.
IHcpburn, J.-Brachyramtlups )m)armoratus and four sL)cics of birds' cggs,

Vancouver island.
Hitz, Dr ..13.--One box of fossils, Iowa.
lHdson, 1. II.-123 bird skins, Buenos Ayres.
Jluson, Alden W.-Varions zoological specimens 1)resented through Colonel

Bulkeley, mollusks and tishes, north end of' Vanncouver island.
Intertropical Company, New York.-Specimens of fibres and lnuts.
Irwin, Dr. B. J. ).-16 bottles reptiles, &c., New Mexico.
Jones, Strachan.-Birds' eggs and skins, Indian satchel, Fort Rao.
Kelscy, Captain. W. II.-Wooden plato of natives, Plover bay.
IKenedly, J . C G.-Snake and dried plant, Maryland.
Ketchum, Frank.-Skulls of Indians, &c., Yukon.
Kitg, Clarencc.--'Two boxes zoological and geological specimens, Nevada.
Kirchevall, A. .--Rock specimens, &c., Virginia.
Kijerulf, Professor IL.-Minerals, fossils, rocks, Norway.
Kluge, Dr. J. P.-Collection of fishes and Dildelphys quica and young, in alco-

hol, Aspinwall.
Rider, J.-25 mounted birds, various.
De Laccrda, A.-Collection of birds, Brazil.
Lahmann, F.-Box of minerals and fossils, Costa Rica.
Latimer, George.-lFour jars crabs, crows, snake, Porto Rico.
Lcacock, B. B.-'Two bird sins, Trinidad.
Lemon, Wr.· C.-Skulll of' mountain sheel), Kamtschatka.
Letcers, Lydia.-Alrrow-heads, Iowa.
Lewis, Dr. .James.-Box small land and freshl-water shells, New York.
Lilcclum, Dr. Gideon.-B3ox of cretaceous fossils, shells, &c.; insects and alco-

holic preparations, from western Texas.
Lineecumt, Lysander/P.-Skulls of mammals, Texas.
Long, Ja1mes II.-Living owl, District of Columlina.
Longsdot;, Henry A.-Black sandunderlying Prairie Bluff, AMissouri.
Lytle, ir--Productufs costatus, Indiana.
J1cDonald, Prof: M1arshall.-Box fossils, cliert limestone; Helicina occulta, Say,

Virginia.
M2rapes, H. 1.-Insects in alcohol, Mich;.gan.
.rerritt, John, C(.-Indian arrow-heads, iron ore, &c.
Minor, Dr. T. T'.--(Oe box Indian relics; skull of buffalo; Nebraska.
Mlorch, D.--Cqprintl islanlica, varieties, and other European shells; type

specimens of a memoir on fresh-water and land shellls of Greenland.
Mloore, C. 1t.-B3irds' eggs, Indlian relics, Virginia.
Morgal, L. I.--Six skulls of beaver, Lake Superior.
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M(dge, Prf. B. F.--Box of fossils, Kansas.
t1lOurhistorischcr Vercin, of 1854.-Specimens lepidoptera.

O'Donoghlw, Jolhn O.-Dredgings of silt, St. Mary's river, Michigan.
Palmer, Dr. E.-Six boxes collections of natural history, Indian relics, &e.,Arizona.
P1rleman, Dr. l.--Stone axes, Iowa.
Par'oer, Dr.-Two boxes of specimens gray Medina sandstone, Now York.
Parrish, John. I.-Eggs of Antrostomus Carolitncsis, Alabama.
Parsons, IL 1B.-Bat, ill flesh, Kannsas.
Pattlecso, F. A.-Stuifed skin of rattlesnake.
Peale, F'ranklin.-Photograph of Indian arrow-heads, Philadelphia.
I'ese, Charles.-Zoological collections, Russian America.
Phillip, Dr. 1]. A.-338 specimens birds, (Chile.
I'1o!f, Prf.f IF.-Keg of fishes, Cuba.
Posten, Cl.C'lharles D.-Playing cards of raw hide, made and used by the
Covotero Apacles in the game of monte, Arizona.

Poftis, Dr. John G.-Box of shells and lMcrguhcs alle, in flesl, Virginia.PIoncltlhr i./M.Abbe.-Coleoptera, Canada.
]andalZ, 1. 0.--Many living specimens of .Mlenoponma Alleghanicnsis, Pennsyl-

vania.
J.iasi, 11'. l;r L.-Tlihro bottles reptiles, &c., Navassa island.
]iced, Mi. C.-Indian remains fiom a mound near Chlttanooga.
icccksccker, L. I,.-.Birds' eggs, Plennlsylvania.1idu'lgay, 1l.-Bird skins, skulls, eggs, skin of albino T2urdus mig)ratorius, Illi-
nois.
ilchardson), J'.--Slag, froml teo conflagration of New York Crystal Palace,New York.

Itiol,llon. ., N.-Fivo acorns evergreen oak, Costa Rica.
Jltodifr, J.-Specimens of iron ore, Virginia.lRioessler, A. 1{.---ndian arrow-heads, New Mexico.
Mtlhrock, TJ. '.--Box of plants, Russian Americaa; Indian relics, British
Columbia.

liey!l G(dlelqc of Surgeons, London.-Box of stern, of lbirds, Australia.
itlifter, 1lhtite De.--Mineral concretions and nolules, Indiana.
Rlussell, B. S.-Imlressions of ferns in sandstone, Pennsylvania.
S'lllin, Oslcrf.-Collection of birds front Veragua.,'amueals, A. A.lEggs of' Contopus borealis, S'cops asio, &C., iMassIac.lsetts.Sau'kins, J. CG.-Foramlinifera, in yellow limestone, Jai,Jaai, West, Indies.
ccammon, Captain).-- Skeleton of seal ,also plants, sfiseings,fish, shells,Plover blay, antd Emmia harbor.
Sc'huiler, 2'. J.-Lot of shells, Plover bay.&Sc1hborn, A.-F'olr bottles of reptiles, fish, insects, fiom Fort Laramie.
Sc.lh't, Dr. A.-Cotton from IBoibyx penlandral Yllcatanl; also, Yucatan lepi-doptera.
Scull, Ansel.-Specimens of tlio wood of wlhite-pine tree, long buried in
s\wampS; also Indianl arrow-head, Pennsylvania.Shalfc,, . C.-Six sets birds' nests and eggs, Massachusetts.

Shiner, Prof. Ilenry.-Box lirdl-skins, Illinois.
Sigcl, 1. IL., Director qf lamndurg Zoological Garden.--'Pwo cages, containing(00 Passer d(mcsticus, (houso sparrow;) 10 arrived living.Smith,EL. Eg.-Shells and plants, PfugRt sound andl Plover bay.,Searns, 1e. E. C.-Uollection of shells, skull of panther, Pacifie coast.S¥miichrast, Prof. 1.-Collection of reptiles, fishes, and insects, in alcohol,Orizaba.
,Iwa1n, JT. C.--Tlo boxes ethnological and zoological specimens, P.uget sound.
thoplson J. TV.--o nctalcuta Gouldii, iThompson, Mtassachusetts.
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Tobnan, J. TV.-Collection of birds' eggs, Illinois.
T'o01wsend, 1". A.--Star fislles, Plovelr ay.
Tripp, T'.31artin.-Nest of Empidonax minimuls and other eggs, New Jerev.
7:yler, Rlobert.-Box of minerals, shells, and marine invertebrates, Great Britain.
Van Tassel, I.-Skull of rabbit, &c., Behlring straits.
Von Frantzius.-Skin of Cathar)us, Costa lica.
Van Orman, J.-Indian pottery, Iowa.
Van Patten, Dr. C. Hi.-Birds and otlier collections, Guatemala.
liaTlkefield, Dr.-Polioptila plumbea, Sonora.
IlTalkcr, Dr. tI. L.-Living )lenopamas and T'rionlix,Pennsylvania.
WVallon, ]Ienry.-T'in ore, Mlissouri.
VarrCen, General G. K.--Box of ethnological collections and heads of antelope,
upper Missoluti.

IWhcatley, Char'les .L-Land and fresh-water univalves, Almerica.
White, I,.-See A. Becker.
/llympCer, 1F-Ph'lants, Petropaulowski.
lWilliams, Dr. J. A.-Two boxes naIlled fossils alnd shells, Missouri.
Wtilson, 1). S'.-97 boringSs of artesian wells, Ohio.
Wood, Dr. W.-iBirds' eggs, Connecticut.
'1Vrigqht, Chari's.-Birds andl nests, Cuba.
14'right, iiajor Cr. lM.-Tschuchtschi skulls, Plover bay.
Zoological iMuseum, Berlin.-Collection of Ovis and reptiles, Europe andl Asia.

H.-List of the E1xpeditions and other sources frJom which t1he sleci)mens in the
Governmentlltus'eum havebeenC mainly derirld.

1. United States Exploring expedition , under Captain Wilkes, United States
navy, 1838-'42. 'The collectioIs nmade by this naval expedition arle opposedd
greatly to exceed those of any other of similar character ever fitted out by any

government; no publlishcd series of results comparing iln magnitude with tllnt
issued under the direction of tho Joint Library Comumittee of Congress. Thel
collections made embrace full series of tie animals, plants, millerals and etlno-
logical materials of tho-regions vi-sited, such as the coast of South America, the
islands of the South seas, &c. Th1 naturalists of the expedition were Titi.i It.
Peale, J. 1). Dana, Cllharlqs Pickering, W. Rich, J. P. Couthlony, and W. D).
Brackinridge.

2. Exploration of tlie Amazon and its tributaries in 1851-'52, by Lieutenant
WV. E. I-erdonl, United States navy. The collections made consist chiefly of
vertebrate animals and( etlllnological aterial.

3. Exploration of the valley of Great Salt Lake, )by Captain Stanshiry,
United States army, in 1S51. Collections in character much like the last.

4. ]Explorations of tile Zuni and Colorado rivers, by (Captain Sitgreaves,
United States Iarmy, in 1851 and 1852, and tile survey of the Creek boundary
and Canadian FIork of the Arkansas, in 1856, l) Captains J. C. WVoodrull' and
Sitgreaves, Dr. S. W. WVoodhIIuse, lnturalist.

5. Presents nlmde to the United States by lle KIing of Siam and other for-
eign governments, deposited by the State Departmenlt.

G. Exploration of Commodiore M3. C. Perry, United States navy, made while
negotiating a treaty with Japtan,:and tlo presents to tile United States govern-
imenit thlroIghll him firomi the Japal)ese authorities.

7. From DIr. 1). 1). Owen ill his United States geological explorations in thi0
west.

8. Indian paintings from thie War and Indian Departments.
9. United States geological survey made in Iowa, Illinois, and Minnesota,

under Dr. D. I). Owen.
10. United States geological survey, made on Lake Superior by Messrs. Fos-

ter and Whitney.
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11. Geological exploration mado by Dr. Charles T. Jackson on Lake Superior.
12. Geological survey made in Oregon aliWashington 'Ierritory 1by Dr. J.

Evails.
13. 'he expedition to Clile under Lieutenant J. M. GilliFs, United States

navy. Vcrtebrates and minerals.
14. North Pacific surveying and exploring expedition mider Captains ling-

gold and Rod(gers, United States navy, chiefly ill the China seas, Belhring's straits,
coast of Calitornin, &c., in 1853 to 1856; W. Stimpson and Charles Wright,
principal naturalists.

15. TheI survey of the line between the IUnited States and Mexico, first
organized under lion. J. 13. Weller, as commissiollncr, and)MajorWN. 11. Emory,
as chief of the scientific department; then under,J. 11. Bartlett, ns colmmissionIer,
n(nd Colonel J. D. Graham, chief of tile scientific corps, succeeded slusequiently
by Major W\. 11. Emory ; then under General Rl. B. Campbell, commissioner,
and Major W. HI. 1Emory, chief of the scientific corps ; together with the survey
of the boundary line of the GadsdenIpurchase, under Major W'. II. Emory, com-

missioner, 1850 and 1856 ; collectors John II. Clark, Arthur Schott, C. C. Parry,
Charles W right, and Dr.. .II. Webb.

16. Pacific railroad survey, of the 38th, 39th, and 47th parallels, under Gov-
ernor Stevens, in 1853-'54; Dr. George Sucklecy and J. G. Cooper, collectors.

17. Pacific railroad survey on the :38th, 39thl and( 41st parallels, inder Cap-
tains J .Gr.lunnison and E. S. 13eckwith, ill 1853 and 1851; Mr. .. Krcutz-
fkldt, principal collector.

8. Pa'ciic, railroad survey on tlie 35th parallel, under Captain iVhipple, in
185:3 andl 1854; I)rs. C. 13. Kennerly, J. M. Bigelow, Jules Marcou, and H. B3.
Mollhausen, collectors.

19. IPaciic railroad survey on tlie partial route in California, under Lieuten-
ant Williamson, in 1853 and 1854; Dr. A. S. Ileernan and W. 1'. 1Blake, col-
lectors.

20. Pacific railroad survey on the western end of the 32d parallel, under Lieu-
tenant Parke ; in 1853-'54, Dr. A. S. Ileeriman and Dr. Antisell, collectors.

21. Pacific railroad survey, on the eastern end of tle same parallel, under Cap-
tain Pope, in 1863.

22. Pacific railroad survey in Cllifonia andl Oregon, under Lieutenant Wil-
lianlson, in1i855; )r. J. S. Newberry, collector.

23. Expedition of Captain Pope to sink artesian wells on tihe Llano Estacado,
in 1854, &c.; Dr. G. P. Shnnard, geologist.

24. Northwestern boundary survey il 1857-'61, under A. Campbell, esq.; Dr.
C. 1B. Kennerly and Geo. Gibbs, collectors.

25. Expedition of Captain Page, United States navy, in 1853 and 1856 to
the Paralna and its tributaries ; Ed.'Palmer, collector.

26. Expedition to the Isthmuis of Darien, by Lieut. MAiciler, United States
arm1y, in 1857; Arthur Schott, aided by W. . and Charles Wood, collectors.

27. Expedition of Lieutenanlt Bryan dlurilln two seasons silent ill conIstruliCting
a wagon road fromll Eort Riley to 13ridgelrs pass, in 186 and 1857;A. S. Wood,
collector.

28.EJxpedition to upper Missouri and Yellowstone in 1856, under Lieutenant
Warren;1)r. F. V. IIayden, collector.

29.El:xpedition to tlhe B3lack ills, Loup Fork of the 'lattc, in 1857-'58, by
Lieutecnanit Warren ; D)r. F. V. Iiayden, collector.

30.Expedition to the lied river in 1852, by Captain Marcy- ; Captain G. B.
-McClellaii, principal collector.

31. South Pass wagon road expedition, under W. Mr. Magr:aw, in 1857; l)r.
J. G. Cooper and C. Drexler, collectors.

32. ,Explortion of the Colorado river, under Lieutenant Ivc:-, in 1857; Dr.
J.S. Newberry and II. 13.AMollhalsen, collectors.
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33 Explorations in Kansas, Ncbraska, and Utah, by Captain J. H. Simpson,
United States anny, in 186-'59; Dr. G. Engelmulnn, geologist; C. S. McCarty,
collector.

34. South Pass wagon road expedition in 1859, under F. W.'Lander, esq., by
Mr. Snyder. ,

35. El Paso and Fort Yuma wagon road expedition, under J. B. Leech, csq.,
in 1857-'68, by Dr. S. Hayes.

36. Wagon road expedition from Walla-Walla to Fort. Benton, under Lieu-
tenant Jo0hn Mullan, United States army, in 1859; Jolh Pearsall and Mr. IIil-
dreth, collectors.

37. Exploration of the upper Missouri and Yellowstone, by Captain J. W.
Raynolls, United States army, in 1859-'60; Dr. F. V. Hayden and Geo. 11.
Trook, collectors.

38. Exploration of the San Juan and upper Colorado, by Captain J. N. Ma-
comb, United States army, in 1859; Dr. J. S. Newberry, collector.

39. Commodore Perry's Japan expedition, in 1854.
40. Exploration during the march of troops to Oregon, via Fort Bonton, under

Major J. I. Blako, in 18GO, by Dr. J. G. Cooper.
41. Survey of tho northern boundary of 'Texas in 1860, by Mr. J. II. Clarke;

C. S. McCarthy, collector.
42. Exploration of' the Dead sea, by Lieutenant W. F. Lynch :
43. Geological survey of Oregon in 1852, by Dr. J. Evans and B. F. Shu-

mard.
44. Survey from the Missouri river to Los Angolos,via the Hucrfano pass, in

1854, by Lieutenant E . . Bealo.
45. General Sully's expedition to the tipper Missouri, &c., by S .. Rotham-

mer.
46. Artesian well expedition to tlh Llano Estacado of Texas, in 1857, by

Captain John Popo.
47. Explorations of the Brazos and Wichita rivers, in 1854, by Captain R.

B. Marcy; Dr. G. C. Shumard, naturalist.
48. Journey from Chile to Buenos Ayres, by Lieutenant A. McRae, United

States navy, in COnnection wNith Captain G(illiss's expedition, in 1853 tui(l 1854.
49. Survey of thl southern boundary of.Kansas, tnder Lieutenant Colonel

J. S. Johnston, in 18517; collections made by J. H. Clark.
50. Exploration of thl La Plata river and its tributaries in 1857 and 1860, by

Captain T. J. Pago, United States navy; Chris. Wood, collector.
51. Exploration of Russian America, under tlhe direction of Captain W. A.

Howard, United States revenue service, in 1867, in the steamer Lincoln.
52. Exploration of Russian America, under the direction of Geo. B. David-

son, of the United States coast survey, in 1867.
53. Exploration by the War Department of the region along the 40th parallel,

under Clarence King.



LIST
OF

IETEOROLOGICAL STATIONS AND OBSERVERS OF TlE SIITHSONIAN
INSTITUTION FOR THE YEAR 1867.

B ignifies Iaromctor; P. Peyclhometer; T, Ternmonmeter; R, Rain gauge; A, All four instruments; N, No.
Instrunient.

BRITISH AMERICA.

Name of observer. Stallon.
.

03 S

z -2

Acalian 'nllpo,. .......... nolfvillt, Novn Scolla............ 45 6 04256O A ....... 11
Jn3s, \\N.. .I;arill ........ liltof, Uncllndiul st. . ...................... .luirtlockS. (;.. .......... St. Jlhn, Nl Ilrnlswlick . i : 1:; 66....... 1
'Dooioghue, John ....... St. Annie, C(nan;l;iEast .............. 47 '2 I 0 U. I J .I .' 1' .

MIEXICO.

S:rtorius, Dr. Charles. ...,Sa,> r halsMiri_,dor,r r, Ver. Cruz ................ 19 5

CI:NTRAL AIMERICA.

rrantzlus. Dr. A ......... Sant Jos6, Costa Rica .............. 9 5 84 0 3, 77 T. 1
htit4,. J. I'., .sI.D \ piv ............................ 3 79 53 6 A.... 11

BERMUDA.

RnyJt Enigineers, (in the Centre Signnl Station, St. Georgu's ........ ........ A. i2
Royul Gazette.) s

ALABAMA.

Name of obs -ver. Station. County. . § S '

_ - =0 _

0 ' 0 ' F(rt.
Alison, II. I., M. D ..... Carlowvile....Dallns........... :,al10 P7 15 0JO T. R.... 12
1lfnerl,,n, W\illim ...... Prilrlre Illff..... Wilcox ......... 3. 08 87 .2 ........ ....... 1U
l'.--trs, 'I'hlls 31 ....... tMoulton ......... Lwrcnce ....... :14 ; 87 25 643 11. T.R.. 1:2
I:evnoldl, It. M......... . PraHrie Bluff..... Wilcox......... 3:2 d ?7 33 ......

. ....... I
Xhiell, J. 11 ........... Op()llika ........ Leo ............. 3: 5 31) ........ T...... II)
I'utikr, I1 ............. avlliatnl ........ (ren ........ 3 50 87 46l 5W0 T'1. 1t 1

Vaukirk, \V. J .........Sour...lo Secour...... .I....... ........ ............



METEOROLOGICAL OBSERVERS.

List of meteorological stations and observers, 4rv.-Continued.
ARKANSAS.

Name of observer. Station, County.

i; ;4
0 0 1 Fc.'

Russell, 0 ............ Piclena..........l Phillipps ....... 31 33 90(1 ....... . .. 3
Mptlnger, Rev. Frncli... Fort SFmit ..... ............. 33 23 J 4 'J 4 1....... 3

CALIFORNIA.

Ayres, W. 0., . D..... San Frnncico ... Ran Francisco... 37 48 1 I 7 3 A....... 6
Canfield, Colb'tA.,,M.D..I Monterey........[[onterey . ....... 14 A136 lt;),-) I A....... 12Iogail,'l'toi. h I., .. ... Sucraut-o..... Sacraiento ...... 38 3 1I :}U 65 AA....... 3
ltogers, Francis M....... ...rCofht Costa ... .......... 6
Triveti, XWi'lterl. St.ckt........ Sun Jouqui ........ 37 7 1 *14 ......1.1'..... 2

_______________ _ ._________ . 'I ...._

COLORADO.

nerthoud, E. L........... olden City 3944 105 8 5,24- ..

Merriawn, Arthur M ...... ountainc .....l'ao ..........I.... . .. .......

CONNECTICUT.

Dewhaurt, Rv.F, ... roton..........N -onwLoron.... 41 21 72 13 20 It. T.R.. 10
hllnt, lRev. I)iniol........ I'olfretiWindha......4.4 5 7 I.5,7 A...... 4 12Jolinslton, Prof. John..... idlrtown; Mil iex. .... . 3:1 72 9....... 12:
Rockwell, Charlotto...... Colebrook.. ittil .....,i lr0 7:t3 ..... 1....... .. 12
VWilliams, Rev. II. ...... W\aterhury ....... ven ..... .. 9
Yeouias, W llli II ... lu a.olluu ......... 41 i4 7 4 ........ .... 12

DELAWARE.

Vankekle, L ............. DelawvareCity... New Catle ...... 3935 75 :14 T 3

FLORIDA.

Andrus, Win. 0 ........ Cedar Keys...... Levy............ (29or, P3 0:1} 1I TT......
Baldwin, A. 8., M.D..... Jacksonville......Iuvtl...... . I 13l 2,) A....... 11
Coreyv , ieury M......... Ferunil.un...... Naisi :u. ......... 30 1 I 3. ....7
Fisher, (idnlLu hI......... Lnke Cityl ....... Coluimba....... ia 1 8 4 13) ! . 11
lluwk, J. AM., .i..I').re.....Olntgei.... ... ....... ................ '1'...... 1
Scott, H. B........... ( rhlonua........ Ai a......... 29 4 3: .......

GEORGIA.

Deckner, Fredrick .o....... Alau3 1 i,')rut ...... l 4

ILLINOIS.

Adams, W. I.t............
Aldrich, V'rry............
Babcock, E..............
Bowman, . II., M. I).....
Ballou, N. ., M. 1)......
Brendl, Frederick, M. D.
Blanchard, O. A ........

Brinkerhoff, Oeo. M ......
Brookes, Samuel.........
Carey, Dulil ...........

Dudley, Timotby........

Elmore ..........
'I'iskilwa ........

Rilfe ...........
A ndilusia ......

*Snudvici ........

'Peoriu ..........

Elmira ..........

Springield......
Chicago .........

Alto ............

Waverly ........

Peoria ..........

ilureal ..........

AlcelI..r .......
Rotk l rIid.....
I)e Kalb ........

1',oria ..........

Stark .........

S:lIngaimon......
Cook............
Lee .............

Morgan .........

40 5f
41 15
42 11
41 30
41 31
40 43
41 12
39 48

39 40

9o 01i i 1 ! t ....... 10

8!) 1i 5:.() T ....... 1
883j .4 i ' 11T .... 2

' ............ '... 1'3.I.!118830j 65 TI....l I'12
81 30) 46Ji. A ....... 12
» 15 ..-......'. .RItl j 12

1; 331 . .1.. T....... 12

!73OTO. T...... 116' It 00 .... ......10

80



METEOROLOGICAL OBSERVERS

List of meteorological stations and observers, 4v'.-Contiilnted
I LLINOIS-Continued.

Nham of observer,

Dnncnn, lev. Alexander.
Eldredgt, \\'n. '........
Freemnun, II. C ..........

Grant, John ..........
(i{int, Chliarles V.....:
Ilue, Frd. J ............
Xulister, 11..............
Lttnggitlh, Johin 0., Jr....
little, Joseph 'T ........

Livingrton, Prof. Win....
Mead, S. 1$ ..............
letnvin, Mrs. Emily II...
Pielps. E.t ..........
1Ph111lps, MIs leli ]... Sf
Siilth, Htlnry K .........

Spencer, Win. ( .........
Spi'alliing, AlirIlu .....
Thnoiaplon, A. i ........

Tolinau, Jaines .......

Station.

Mount Sterling ..

Oolcouda ........

South Plas ......

Manchester ......

Evanston........
Wat.-rloo........
Chicago .........
Dixon...........
(tasaburg.......
Aug.tsta ........
Ottawa ..........

Wyauuet .........

Magnolnia........
Dubiols..........
Aurora..........
Liacone. .......Winnhbago......

1.
County.

Or

oX
Brown .......... 41 00
Popn ............ 37 41
uion ......... ........

Scott............ 39 31
Cook ............ 03
.Monroe..............
Cook ........... 4 00
eo ............. 1 4

Knox ............ 4
Uanciick ........ 41) 10
I.a Sullo ......... 41 0

Iureau .......... 41 30
Pt iii ......... 41 15
Washlinlgton ..... 8 14J
Kane ............ 41 48
M31 r.halll ........ .

\Winuebago.... 42 17

p. r6.I ,c4i I 'I
8 4 7 l.

... . .... .... 'I ........
8'.I. ..... . .

4.. ' w, .,et.t.: I

81 36 . ....... . T ...... 4

90 25 7!}3 A....... 12.
.1)(I1......T I

S73 j 50061 . it .... 1I2

89.f5......... 1
87 15 I........ T.11 ...1 1

f ........i '.I...-
F9 It; ...... .T.I. I
84) 251 '........ 1'

........!....... T. It....

e89 12 900 A........ 12ell noj
l

i1

INDIANA.

Boerner, Charles 0 ......

Iultertield, \.W\. & Mrs.
C'bapiellsll ilt I, Jlihnl...
Cro.ier, Dr. 1. S .......
I)awVti,W\inln ........
E,tll, W. J ...........
lolzle.g. '1lioillii ........
Kvmp;t, r, GW.!., M. 1) ..

l.oighridge, Dr. J. II....
McCoy, Dr. .......
lcC'oy, Mliss Lizzo .... S
Sutton, ( orge, Mi. D ....
Valinltiie, Johnl..........

Vcvay .......
Indianpolis .....
New Harmony ..

New A:bany ....

Spicelind .......

Iidlniiapoli .....
Mferoil ..........
Mlune l ..........

Ileussolaer ......

Columbia City...
Aurora ..........
Riculot nd .......

Swi'zerlnaut .....
aMariol ..........
PIoisfy. ..........:
Floydl.. ........
llIftry ..........

MIaNlion ..........

811llivltl .. .. I1
DI)lnawre .......
Jasprr .........

Whitney .......

Danrborn ........

Wayne..........

IOWA.

Atklnson, Win. 0O........
Babcock, E.............
Bryanl, A. F............
IBuFh, Rev. Alva ........

Carplteter, 1 ............
Coliin, Prof. Allozo......
l)hering, 1). 8............
Dickinson, J nines P......
DI)frwiler, Philip.......'arnlworth, 1'. J..J . D)..
HIinguriik, Johnl Matthi.;.
Horr, Asa, 31. 1).........
Iltdlson, A. '1'.............Jorgenl,,o, C. N.........
I.ovr, .IMrs. Iul!sa P1.....
3lcCredily. Danhiel.........
Montlton, I1. ..........
Nash, Itov. J. A .........
I'a.rvin, Prol. Thenodore 8.
Shelilont. S1) ............

8ht.-,dl. T ..............

Stern, Jacob '1' ........
' r'nvi.einl,INtthan ......'
Wadlry, lI..i ......%Wadters,Joiah .........
IWarnm, (}lorge. M. I) ..
Warren, Jameis 11........
Wheaton, Mirs. D)anill J).
Writer, David It.........

Dakota.........
Booniabro' ......
P'ontanello ......

()Oago ..........
Atalissa .........
iMont Vernon ...
Inde'pnllln'Ico . ..

uttllnburg ......

Algoua ..........
Clinton .........

Certtt ...........

Dubuqlte ........

[yon1 .........

orlt Dodge ......

Iurlnritgln ......
Fort lhitison....
11Molaicl llo ......
1)(es Miile ......

Iowa City.......
DIlavenport ......

Vatlerioo .......

lHrris (trove....
lowa Faills ......

Mltculthile .......

Itlepl)euence. ....
A gona ..........
Infdeplendence....1
'Whit.-sboro' .....

l

Humboldt .......
BIoono .........
Adair ...........

Mitchell ........

M1ii catino .......

l.inl ..........

liilrhtilan .......

Claytou .........

Konsuth .........

Clinton .........
Clhyton .........

l)Duluqoe ........
Clinton .........

lluhitl)li ......

DI)e r Moille ......
Il'lt .............

Joi)I'X. ...........

I'olk ............

Jolinmon .........

S'col ...........

!:l-nk Hawk.....
liarrisou ........
Ilirdin. .........

Floyd ..........
Mlncatino ......

Iluehaainn ......

Kossuth .........
Itl i.nan .......
I latistl ........

424{1
42 W)
4142

41 :3
42 1-0

4: 00I)

4-1 4r)42 :211

4 ) :17

i11 35
41 :137
4 1 J1

41 ()

4:1 (X)
41 '25

4:3 (.04:1 3.,
41 3.

94 0 ........I '1' ......
!)3 14 ........ T ......
I : 1,500 T.IIt ..... 12f: (T'........T

11 12....i .. '1' -....i... .1

9t ) 1' 12

ill ) ... . .X............ ' I
O'z1itT .I ......

90 100 iG'i 11 .... II
ll iI })1I ''1....... i 1

910) 41) ,;f,i ...... 1

4 , I........; '1
......
1 ...

!)1 0... A .1-I" 1

9!1 { ..... ..I ....i 1
95ll I: . i '1-. It ....Iy.....,,"/;.1)jA .......l.| 1':;
!111'41)0 7: !,A .......! e-
12 0) I '
21 1:1 t ) . ..... 1

931 '21) ........ . t ....

{:{ Ij ........! 'i'.......; 8

92 (0 50 I.'.;it 11
9!4 15I........ . T.... 9

9.»i i) .....1. t .... i
_5 40 ..... .

_____
II~~~

'Abovo low water in the Ohio river.

81

3s 4(1
39 45
38 (I838 02
!). 48'
39 47

4') 1)
40 5(i
41 10
.t 01
39' 52'

81

87
85
85
t7
87

87

84
84

5'9

a1)
13

:w

30
511
39

........

698
35.1)
35:1

I, :'2

7-15.

".o
50U

Io
11
:1
1

.1

11
.;

I12

'I' It....
'I .......
A ......
A.......
11. '1'. lt..
A......!

T.1t ....

B.iI

'1'. It ....
''T. It....
1}.':1'.1::.

i\..,.

6 s

__

_ .___ ___ ..._

_..___ .I..

_1_11_.....1_

I



METEOROLOGICAL OBSERVERS.

List of meteorological stations and observers, 4c.-Continued.
KANSAS.

Name of observer.

Agriculturnl College......
Beckwith, W............
Hollingwortb, eoo. W....
hIorn, Dr. II. B........
lorn, Miss Clotildo ....
Ingrahami& Hlylund.....
Slioeinuker, J. (}........
Stayvina, Dr. J..........
Walters, Dr. James......
Woodworth, Abuer, I. D.

Station. County.

Manhattan ...... Riley............
Olatba .......... Johnson.........
Lawrenc ......Douglas.........
Atchison ........

Baxter Springs ..

Le Roy.........
Ieavtnworth ....
Holton..........
Council Grove...

Atchison ........

Cherokeo ........

Coffey ..........
Leavenworth ....

Jackson .........
Morris...........

-3

0
':

0I
39 12
38 50
38 37
39 42

38 06
:19 15
39 27
38 42

-

o, Feet.

o-I T2el.
90 40 1,300 T.R .... 1
93- 30 ........ '. Il.... 1]2
95 10 950 11... 2
95 0 1,000 r ....... 1

. e*.eT...... '
9.5 03 ....... .11'1'.1.. 5
94 52 ........T.I... 1-
95 1 1, 17 '1 ...... 8
960 32....... '.. .... 13

KENTUCKY.

Bentty, 0 ......... Dnvill .. oylo........... .17 40 4 .10 900 .T.I. 7
Martin, Dr. Saimiel 1).... Chleshrg......Fuyttc ......... 318 C4 4 20 983 I.T.. 12
Yoiug, lMrs. Lawreuce... Louisville .......Jeerson........ 38 07 85 24 570 A..... 12

LOUISIANA.

Carter, J. 11.............Benton..........BnasTin ................T 8
Foster, Robert ........ New Orleans .... ()rlun ......... 57 0 .....U.. 8
Tcele, Rev. Albrt K ....VidaliaPlantat'n. Concordia .......3 3........ .....

MAINE.

Eaton, Virgil .......... North Prospect.. Waldo .......... 44 28 58 207 T ....... 2
GOtrdiner, Robert 1...... (ardiner.K........ Kennebec ........ 44 11 40 76 A....... 12
Gniltill, (. Y........... Cornish ......... York............ 43 40 70 44 0 '1'1....i1
Moorc, Asa P............ Lisbon .......... Androcoggin.... 44 00 7004 130 T .. .. 1
Moulton, John I ...... ......... Cuberlan......... 4C3 45 70 30 80 . I ....

Parker, J. I)............. Steuben......... Waimingtou ..... 44 31 67 57 59 A..... 12
Pettingill, Waldo........! Rumnford 'olnt .. Oxford.......... 44 :10 70 40 T. .... 8
Pitman,i Edwin.......... Willlamibburg.... Pisatnqulis ...... 45 .1 .. .. '.......... 7
Robinsion, Alninn........ Webster ......... Audrociggin .... 44 04 70 04 .. ....... 4
'Towle, Benjamin II ...... ILe o............. enobcot ................... ....... ....T.
West, Silas.............. Cornish .........York............. 43 4 7044 A.....
Willmur, Benjamin P ..... est Waterville. Kenebec........ 4430 69 .15 5 . 12

MARYLAND.

Gooldman, Wm.R ........ Annapolis ....... Anne Arundel... 38 58 7 29 20
(rapo, Georgeu......... Catonsvillo.... ore......li.. l .317 71i 42 42
Jouirdan, Prof. C.......{ Emomittlburg ....Frederick........ 3 77 21 .....

McCoriick, James 0 .... oodlawn ...... Ccil............39 39 7 4 ........

Smith, Ell .............. Emn llttb rg. Fred rick..............................
8tevenson, Rev. James .. St. Inigoes......S. lry' 38 10 76 30 45

MASSACH1USiETTS.

A ....... 1
T'...... 11

. R .... 4

'I ....... It
A....... 8

Astronomlcal Observatory
Bacon, William ..........

Blxby, John 11I...........
Caldwell, John II........
Cunnlgham,tGeorge A ..

Drapet, Joseph ..........

Fallon, John.............
Merriam, Sidney A ......

Metcalf, John George....

WilliamRtown...
Richmtond .......
West Newton ...

Newbury........
Lunenburg ......

Worcester.......
,awrence .......

Topsfield........
Mendon.........

Berkshire .......
Berkshire .......

Middlesex .......

E-,sex ...........

Worcester .......
Worcester .......

Eiex ...........

Essex ...........
Worcester .......

42
42
42
42
42
42
42
42
42

43
1:1
21
45
:15
16
42
38
W00

73
72
71
70
71
71
71
70
71

13
20
17
55
4:1
48
11
57
34

Ge6
1,000

40
25

133

A.......A'.I:-T'. ....
T.......
T.......
B.T ....
A.......
A.......
A.......
B. T.R.-.

12
11

12
12
1212
12It

--L --

--I------- -I------.-. ---.-- -----------------

82



83METEOROLOGICAL OBSERVERS.

List of meteorological stations and observers, 4!c.-Continued.
MASSACIIUSETTS--Continued.

Name of observer.

Nawon, 11ev. Elias........
Nelson, Ilenry M.........
ehlon, S. Augiustus......

Newconib, Guilford 8 ....

lodtid:in, Saiuel .........
.Sell, Prof. E. S..........
Teele, Rlev. Albert K.....
Tucker, Edward '1.......

Station.

North Billerica ..

Georgetown .....

(eorgetown .....

Kingston .......
New Beldford....
Aniherst .........
Milton...........
New Bedford....

County.

_J;E __ __~~
Middlesex .......

Essex ...........
-sucex ...........

1'ly0mout1h .......

Itritiol ..........

1iunprhlrc ......
Noriolk ........
Blristol ..........

)IICIIIGAN.

Billard, Ransom........
Chase, 3Milto, M. 1).....
E;liis, E(vii, 1M. D .......

1Iol ier, E. ............
Kedzie, Prof. 1. 0........
Mnpe,, Ilenry 11I.........
I'axt"n, Joh \W..........
Smith, Rev. Georgo N....
Smith, larmou M ........

Steelo, George 1 ........
Streng, L. .H............
\Whli'lriev,Misl'Forenee E.
\W'iiltleiey.S.1.........

,ltchfleld........
Kanlllllazoo ......

Oiitong)on ......

(frnud ltopldls....
Ians)ing ........
Oshtemo ........

Alpena ..........

Northport.......
Knlamnnzoo ......

Homnetead . ....

Holland.........
Monroe..........
Central Iluo ....

Jillsdnlo ........

Kanlnnmizoo......
Ontonagon ......
Kent ............

Inghan .........

Ktlamnazoo......
Alpenn ..........
Ieelannaw .......

Kalamazoo .....
llefzle ..........

Ottawa..........
Monroe ..........

Keweenaw ......

MINNESOTA.

labcock, Dr. B. F........ Afton ...........Washngton......lardon, Richard ......... Orand Portage L.. ko............
Uhteney, Wiliu in......... Minneapolis ..... lnnepin .......
Ilerimntreel, John \V .S....... St. aul. ........Reey........
'atetrBon, lev. A. I.,D. D.D St. I'ul......... St. Paul .........
Rois, Charled ............ New I;lm ....... Brown ..........
Stlp'ens, 1'rof. A.M..... Rd Wing....... ooduo ........
Wielaud.lC............. Beaver Bay ..... Lake......
Woodbury, ........ Sibley........... Sibley..........

44
47
45
4i1
44
-14
41
47
44

50

00!
57
57
16
35
12
31

93
81
9:1
5g

94
!14
91
94

00
50
10
05
05
'26
;30
18
Q't;

95!
l12

854i
800
801SWl
800
6f>5

1,000

T.......
T, .......
A .......

A.......

T.
'1'. iU * *
T. II ....1'. 11 ....
1. ....
T. I -....

5
12
1

12
8
12
I'1

MISSISSIPPI.

Cleland, Rev. '.T.y....... aytte ......... Jefferson ........ ..... .......... T...... 11'
-Mc 'itry, Wlillitin ........ Natchez ......... Adlnils .......... :11 34 !1 25 '.Moore, Albet ........... (O renlad... . Yillobusha ...... 33 45 90 0 ........ '..... 11
Sniith, J. Edwards ....... Kugto ..... Adu .......... 2 1 lil........ 11 .... 4

MISSOURI.

Chrisian, John ..........

Engliunai, (George, 1. 1).
'"tdilter, Auguttls .......

Kautcher, W'illilji ........

3Moore. MiFss itile .......
lnay, George P ...........

Ituggles, llotuir ........

8lurint'beck,ltev..1I.,S.J.
Vertreev, Johlan .........

Ilarrlsonville ....

St. Louid .......
Allenton .......

Oregon..........
Union ..........

lieriitage .......

Canton ..........
olla ............

St. Louis .......

Edlinurg........

Cas ............
St. L,onli .......

St. Louis .......

Holt ...........

Franklin .......

Iiekory .........
.Lowiu.......... il.irwlp ..........Phlllps ..... .,...I
St.Irounli ........rundly ........I

* Abore Minnesota rivcr.

o*'

O t

0,

71 1(
71 00
71 00
70 4.5
70 56
72 31

70 55

O I

4' :;442 34
4° 42.
4014..
4- CO
41 :w9

41 39

!4'2 '2'

j'ii';~,5'

a.

;c

.1
12;

'3

1"2
1w2
8
8

a

1. T ....
'I .......
I .......
A..'. 11 ....
A .......
A .......
'1'.......
1'. i ....

Feel.

90
?67

5j

42 01

46 40
43 (10
42 42

45 0-2
45 08
42 '20
41 30
4' 43
41 .5
47 00

F4 46

9(1 00
8.5 40
84 34

85 41
85 44
81; O0)
86 03

87 54

1,040
........

4i )I
75?
895

......
574
592

........

5Xl
1, 177

T1. R...
' .......
'1'......
I ......
A .......

N.......

N .......

1 .......
'1. 11 ....
'1'. ....

1 .......

11
II

11
I0-
102

11
8

l-

38 40
31 37
:18 '29
T.) 59
38 25
37 56
40 12
37 58
38 37
40 Up

94 30
!0 15
90 45
95 10
91 09
93 lr6
91 37
91 33
90 15
93 30

481

1,11)
"61"

-oooo ..1o~4"1

T1. t ....
A.......

1n.1T ....

'1'. 1t ....
T1.......

.......
A.......
1T. I ....

12

I;
4
7
8
12
1

_ _ _ _ ~ ~ ~- j

.

_ _

_ _ _



IMETEOROLOGICAL OBSERVERS.

List of metcorological stations and obslerers, 4r:.-Continued.
MONTANA.

N'ane of observer. Station.

Lehman, Dr. 1I. 3! .......Camp Cooke ....

Whelattoll, Alex, C'unp.li .I el Ciy.. .. Edgerrton .......

7i
a

0

. 4t o0
4; 45

X,

I.;0 ;.

*
,1ftos' 4

l Co ..... ... . T. It..
11 5 4,1 T I.. .... 4
_f _l

NEI'BRASIKA.

Bowcl, Jolln S .......... Elkhorn City .....!\:hington ..... 41 WQ12' ],3;50 T...
Irown, 1I.1............. !kotn City .... Dakota .......... 4I2 30) ..3( . .i .. 3
Child, A. L, M. 1). (Il 4le ........ Ci,, 4T..... .... 55 (5 1,010 .1'

Tlamnrlln, I '. \V (iBeIlll, u . y......... ... .. 1 (8 5 ...... t....lamilceonzie, L'v~. } '' I. 'Blackbirl lili. rt ............ 4 - I 04 96 01) ....... It. .... 4
lMcKenzie,J. I ..........i 'trit ........... c,'

....4.....I 'l i .95) 4ti .....

Stlt,Clharles ........ ) Soto.....::.. . Wtsigtou.... 41 30 9600 .O '..v 1

NiW HIAMPSIIIItE.

nrewstur, Alfred ......... Tamworth ......CCarroll.......... 43 5 1 1 ...... 2
Ilrown, lrancl ..........Stratford ........ Coo ........ 4 71( 1,1) '..t 12
Chaise, Arthur ........... Cl front ... ul.lin.. 4Su.. .721 59 .I. It.. 112
Iitcb. Johl .............'Portsmouth ...... Roekiighlinm..... 41 05 70) 41 1 A.......
llurlin, ev. William..... Antrim .......... lillsboro' ..................... N....... II
blhtul, Stephlen 0 ........ Claremniont ....u...fullivan. ...................

Odelrl, lteht.r ........... Shl.lurn. ....... Coeo, ............4., 1 3 7! (; 700 .11..... 8
'itlnau, Charles I ....... North lhtrnstead. Belknap......... 4:1 38 71 77 i...1.... . It.... 12
Wheeler, Joim T ........Concord......... Merrick 43 1 71 400 1. T. I.. 6

NEW JERSEY.

Benns, Thoms J ........ Moorestown .... Burlington ...... 3959 74 .4 .. T... 10
Brooks, William .......... Pateron ........ assaic .......... 40 55 741J1) 1'.It.... 12
C'nlh , Illrker............. Heaville ....... Cupo May....... 3! 0 71 4( 18 '1. i.... I
Cook, Eplhral t........ Trenton ........ Mercer......... 40 14 74 41) CV II. ' t..I 12
Cook, P'rof. George II.... New Brunswick . Middleex ....... 40 3'- 74 '.'7 8) A........ 12
Couch, 1E. D ...............Ne ll........ Gloucester ...... ) 0 74 5:1 I I;) ! r ...... 3
Deacon, John C.......... Burlington ...... l1urlingtnn ..4...4 05. 75. 10 6O 1. .... 1
l iug.ot .....u.... ...o..tltadlugto..... on...... 4 33 71 40 i...... T...... 8

Fritts, J. S .............. EIwood ........ Atlantic ....................T........2
Ingram, John, 3. D ....... ViCuelaudnd ....... 3,t93.f.(7.. 0O) ........A..... 5
Ithees, Morgan J., M. D ..M ount olly .... Burlington ...... 40 7-1 47 3U. T. .. .1
Sheppard, Clai .. Greenwich...... Cumberland.. 39 20 75 2> 3) A..... 1
Sheppard, Missa It.. ...C
Shriver, lowarird.........Dover........... Morri ........... 41 54 71 35 fi5 1.T.T 12
'Whitehead, W. A......N..ewark........ Esx ........... 45 74 10 :1) II. 1.I 1
Wood, Sanuuel........... lhldoufield . Camden ............. ................ A......

INBEW YORK.

Arden, Thomas B.......
Aut!er, Itev. Jno. M., S. J.
Ilarrows, Storrs.........
Bartlett, Erastus B.......
leauclleliap William M ..

Bowimnu, John ..........

Iusrilng, D. S............
lnissing, Jlhn W .......
Dewey, Prof. Chester....
Edwards, Daunel .........

Fries, Georgo W.........
(;rdiner, Jumes II ......
Gregory, 8. 0............
Ilaat, Henry .............

Ileimstreet, John W ....

Garrison' .......

New York.......
South Trenton ..

Vermilliou .......

f:kaleateles ....
Baldwiusvillo....
Minavill ........

Alinavville .......
Rocliester .......
Little (onetee...
Fri.nidrhip ......
Newburg .......

Theresa ........

Dopauville ......

Troy............

Putnam .........
New York.......
Oneida .........

Oswego .........

Onondaga .......

Onondagn ......

blontgoulery.....
Miontgomery.....
lMouroe .........

Allegany ........

Allegnny........
Orange..........
Jefferson ........
Jeffersol ........

Rtensseilaer ......

74 02
7:1 59
74 56
77 ti
71i 3'J
76( 41
74 15
74 15
77 51
78 :;678 10
74 01
75 48

73'40

41 22
40 44
43 0t)

4:3 00
4-' 5143 51

42 60
42 15
41 31
44 12
44 15
42 44

18O !
10lt
8:135
:}327
932

........

85

36f5
350
58

T'I' ...

I. T ....

T.R ....

T. It....
I. T....
'I.......i

T......

B. T. H..

T.......
B. T.R..
1. ....

T.It ...

A.......

12
9

11
5
5
5
1

11
112

12
42
12
9

I

84



METEOROLOGICAL OBSFRVEIS.

List qfmeteorological 8atwions and oblservers, r4c.-Continued.
XI'\\V YOR'K-Contlinud.

Name of observer.

Ilillier, iSpencer L........
Iowvell, oliert ..........

IiugirIsr, Gtreuville [ ....
Ivs., William ...........
Jov, PIrof. (Chalrl'a A.....
Mhiack, lRv. Ell 'T........
3lalcolim, \VWi. Scluyler .

Malhlew, M1. M., M. 1) .. -
N.q<rriA,.M1'siEll7lb'th ...
M3.rri., Prof. Oran W\.....
Hoe, S;anfordlV .........
I:hti ll, (yrnls I1 .........
Smilh, B. A., & (leIIInhtcer.
Ioull', 'rof. Williliu: ....
Slonver, Stilliinii 3. D..
'I'rowhrilge, Iavid ......

Willis, Oliver R ..........
Wilhnu, ]Rev. AV. 1)., 1). 1).
W'nn.sttr, (2larlH s A ......
Yale, Walter i)..........

Station.

Stapleton ......
Nichol ..........
South Hartford..
luiff.tlo..........
New York.......
Fliutlbuh ........

()Odego .........

Rochetter .......

'l'r-lg's SrNeck....
New York ......
(lerinaiovowu ....
(lntivriluillr ....

Morlehes ........
C.zentiviai.......
Oteida ..........
Ilector..........
Whihttu Phiild....
(lellev: .........
Norllit I aiilloillil.
I oupevillo.......

County.

Richmond .......
Tl'ogi ..........
\VasIhingtol .....
Eri ............
New York.......
Kiugmx ...........

().Wcgo .........
Monrot .........
W\'eitcllhelter .....
New York.......
C'thlllittilt ........
St. iawVrenel....
.Sta1Tlk ..........
Madison .........

31lldoII........
8eh uvylcr........

'estclicester.....
Ontario .........
St. l,awrence....
Lcis ..........

i
NORTH CAROLINA.

Adanm, .IV ............ oldsboro'. ......W n......... :I5 77 51 10 .... 1Alli)u.ll, ;a A . ri.. a vll....... :rtutrvillo ....... ... : :11) 0 30 ......... ...... 1
Ast), 1. ,J .............. Ashevillo.......Ihuucombo........... ............. 2, I. .....
lIr.WtTr, ltrv. Fisk R1'h.....t...lh. Wak. ... . ....... :;: 47 78 48i ........I '.1. I'
llickks, W in. It., M. D ..... Oxford .......... lranvillo ........ :Iti ? 78 14 ...... i I1 ....
Khcna, 1.'. J ................ Atlawuy Hll.. 8i.Stnl......... :S5 I..). T. It.... I
M3ilg, Jo n II ............ Oxor d ......... ranville ........I v36 iV 78 14 .......! 4
Wray, Alex ............ Guilford Mino ... :uillbrd .....00 .......2... .

01110.

Barnbach, Dr. ( .........

Hlenller, Josith P .......

Bllrras, 0 ...............

Clarke, John.............
Cran, (eorge W ........

Doyle, Joeph B .........

t'.rriss, E. J ............
lluiniit, John V........
lfhirplr, (George W .......
Ilaywoml, Prlof. John ....

lHtutington, (Jeorge C....
ilyle,,(UstavuS A ......
lydle, Mrs..........

Kinoble, SaitIuel..........
.Mc.illlt, .imith 11.......
Marsh, 31Mr . 31......
Mlatlleis, Jostlh flMc..
Newlotl, I{ev. Alfrrd .....
I'hilip.li, ...........
It),lgerr, Alcxanler I'....
Shrevo, Chlirle It ........
Siuith, C. 11., MN.D ......
Siurr, 1'. A., 3M. 1)......
'l'lnilmpln), toev. I)avid...
''h1 u.iloli, Prof. 11. A....
'I'rembley J. II,, 31. L ....
True, II. A., 1).......
T'lckerau, L. 1t ........
Williulai, P'rf. 1.. .....
Wilklunon, J u t.......
Wiuger, Martlu ........

Ripley ..........
New i,lsbon....
North Fnirfleld..
Bowling Green..
letbel ..........

.Steiibenville.....
littleelMollutnlu..

College lill .....
icilCiiiiiili .......

Kingstton ........

Kelley'a Ilaud...
Clev(laud .......

afiayeltto .......
East F'irtlelr....
Ripley ......
lililsbnrongh ....
Norwalk ........

Clincilinti .......

(illIpolis ........
Maurlhfs Ferry...
Kenton ..........
Cl'hilviid .......

3lilrirsrvillo .....
WVesterville.....
Toil-do ..........
Marion ..........

College Ilill ....
Urt)nua ..........

Wliiiumsport....
V,)oster .........

Brown ......... 3. 47
Cltimibhim ..... 0 4 .

lhiron ........... 4 1
'Wonl........... 1'-Clermont........ :1 '10
,1rtrellU ........ 4 4

(I:mltollg........ (..IIlaiiiiilfon.. . .. :t 19
hlmll ton........ : ':0i
Ittoi ........... 3 !) 29
Eri .......... 41 36

Cuyahoga ....... 111 :30
Allen ....... .....
Col bhliana ..... 4 41
Hluron ...........41 0(
Ilighlhaid........ : 1:
Iltiria.......... . 41 1:
11a111iltou ........ :I) !Wi
(tallla...... ....::l 0 J
ielllout ...... ... 10 10
Ilurdin .......... 11
Cu'yuhoga .......I 41 :17
(llcrn v........ 41) 11)
Frankli; ........ 4004
.ucas ............ 41 :TJMatrion. ......... 10415
llainiltlt.m....... :9 19
'(Jalriignlg ...... 40
PIickaway ....... ;917
Wane .......... 40 49

* Above low waterLt ., Ohio river.

85

a

.1

'A

o

410 :19

4:; 1S
429 5:1
41 43
40) :17

4:1 (1
40 431
44 1!1
41 49!

I I'f
41 530
14·I3043. :()
4: *11)

I

IJ

.....ji..
4: I
n,)

4:1

S.'t

10

I, 2,;,i
fl:l,'.,
I10

567

........

0 I

7.1 01

7;6 3173 !I1
78 .';i
74 t)05
74112
76i :wU
77 51
73 419
71 0»

73; 4O
7.) .')

75 40
75 :1J

2-

l2

C
-

- u

10

_ .t

;1
12

11
I i
I I

1,'

10
1 '

I'l
1i

12
Ili
I .i

I T. ..

A .......

K.T.It..
Al! . ..,..

.11 T. ..

T. t..II.......
11. 1. II..
!t ......4

T. it ....

83 31
P{) 45
82 40
83 40
84 ((
80 47
81 Id
84 QI;
84 27

:3 1)0
82 4'»
81 38

82e :u1

82 4:
84 2'7
8'3 IX)
80 4'J
83.) 5
81 4,9
81 45.

3J 0i3
84 *i

8:1 4:1
8;, 07
81 57

t;!

701)
555

1, Ii;o

*;10)J

1,5I
!tti5

....
....

l I
i,:(- I

t;oi i
I i1, (?71

1,015

I "..

A .......

.T1'. t.
'. t ....

1'. T ..
IT. It ....'1'. It ....
T. I....
A -......

Il..T..
A.......

. 1'.'1'..

'1'. It ..
T11.R
'1.1:....
........

'1'. It ...

A.......

'1'. It ....
'1'. I.t .

.'.it ..
T...::..

1l
I

4
!*'
I
1-2
II(l
11

11

5

1t

11;

'!

1112

I I

I

'1;

3
1l

.. _ _I



METEOROLOGICAL OBSERVERS.

List qf meteorological stations and obsertcers, 4fc.-Coutiuued.
OREGON.

3 £2 5-
Nanmo of observer. Station. Couny.

_a . _5 %l.

oI 0 'Feet.
Barnard, A. I) ........... C rvalis .... .. enton....... . 44 30 123 00 ....... T....... 11Ilindinan,, . . ....... Albany .......... L n4 .... .. .. 4 123 00 G ) ...... 9

PENNSYLVANIA.

Baker, Willitnm E ....... Ickcsburg....P...vrry ........... 40 27 77 23 ........ ....

.ntloy, E ....'I ioga.......oga..... 'ioga. ......... )0 77 0 1,000 T. It.
Bruckart, 11. ( .......... Silver Spring.... ,Litastl r. ...... 411(5 71645s .... .

...... .. 3
itrlrgger, S inl el l....... .. F ing ......... Centro .......... 40 55 77 : 780 T. ....
Darlingtlon,, FItcelon ..... rIocopon ...... Claer ........ 37 '18 '. .... .. 1
Trl v,T'l loiorn .......... y ........ W .........)y1r(rr.. ...6 75 '.. .......4.i.''.. 1...

l'iilon,El llshn1......... .... rill. Cl rtle ld....... ... 41 () 78 40 1, 40 1. . It. 12
;ratliwohll, John ..........Ilnonuhii7gGrov . Pikl....-.. 5 0 ... . ......... 1
Ila nc, Ebenezer ......... Flllgington...... .Im-k ........... 40 1' 74 48 30 1. '. 1
Ileclly. I)r. Joln........ llIrrlab rl...... Drup iln ........ 40 ifui 76 15 .. . . A .......11.......12
Ilnffer, Dr. Jncob t ...... Mount Joy ...... Lai;caster. ... 4 76 ................. . tl 10
Jame.i, 'rof. C(. S ......... Lewlsburg . ..... Uuioll ....... .. A......
Kirklpatrclk, Prof. Jas. A . 'hilndvlphiia..... Philadelphia.... 7 11i I A....... 12
K,,hlhr, Edward ......... North Whilnhall. Lechigh ......... 4 4 8 450 1....... 12
MAlConnell, E. M ......... New Cantle ...... Lawrenue...... 41 80) 12 . 1 ....,.. 1
Marflnldaile, I1l C ...... Iylcerrv ......i.Philadelphia.... 41) ) 75 X) 70 N ....

Manyr. Prof. Alfred 51 ....4 Betihlehein....... Norlbhamsptou .... 40 38 75 1'3 ....... . 1.T..T 6
It,ellil, ThotieL ......... Gerrantown .... Phililllia............. . . .......11
Millikenl,Jotn '1......... North EIIast . E ..... ...ri........... .... .........

Itaser, Jrolit lleyl ...I.. tin..rk....... .... 40 J 75 57 29 iT.. . 12
Smith, WiVllliam, 1). 1). nCanoIsburg.... Washington.I.. 40 II 80 10 50 11 T... 1
Spencer, Mis Annu...... Ilortha.m.....o... IMont6goery.0...410 J 75 11 250 1 T. It 1

lpera, \W . II ............. Ephrata......... Lnc tr.... ........ T...... 12

'i'ylor, John ......... nelvillo .. yetto ..... .... 4000 79 ......... 12
arylor, 1tev. lt.T'1'.avor.1..ia......... lavr.4 4............ ..T; ;,,3

'I'ol nan, lRev. MSlrcur A.. Frnkin.. Vanklinenag1 7. 51........ 51.
''ooker, Nathau(u ........ .......... 4 3thlehe.m.........403'3523P.11'..... 1

RltHO)D ISLAND.

Casweil, Prof. Alexis.Providenco . Providence . 41 49~~~~~~~~~~~~~~~~~~~~~~~~~

Caxwell, Pi-of. Alexis..... Providence P......rovidence ...... 419
Crandall, Williaml I ...... Newort. Newport.....1..12t.

SOUTI CAROLINA.

71 25 120 A 4
71 21 25 1T. .... 12'? __I-P

Cornlih, lcv. Jon II .... Aiken .......... nrn ll....... 32
l'etty, Charl........... ilkuvillo ..........Uio ........... 5

TENNESSEE.

l;ncreoft, 1rev. C. P. P....i Lookout Mouint'u.l Ifniniltonu........ )' 1.
Doak, 8./.&. W. 8S ......G(Oreenville ....... (Green ...... .... 30(
French, 'red. II .......... alville......... )avhllou ...............
:ollsnmilth, Eiwlard ......t ipi ....... .Shelby .......... (18
P'ruker, Joseph M., 1M.D..! I'ranklin ........ W'illianson ...... :3. i42
Sti-,art, P'rol \WV,. 31 .... Clarksvillt ...... Monigoniery ..... :3;i'Williams, Edward .... Lookout Mounll'n. lluluilto........ 15

TEXAS.

81 31 565 I. 1.tR..
81 3 ......8 ~~~~ ~.oI o...

12
12

P5 15 .2 IL'1' ...

82 50....... -.........9' 013 1' 4 I.' 1 . t .. 4
8;B1 ...... . t ....
,t7 1:13 4I1 .1
65 15,{t. ..".i" .

3
I[

Baxter, Mins },..........
(lanti, NV. If, M1. 1)....
(Il;s1co, J. M..............
Merrill, Edward, 31. D....
Ilutherford, M ...........
Stevens. Ilennell ........!
Vlm Nostrauld, J .......

lonatoin.........
Chappell hill....
(iliuer ..........

Waco ...........

Long Point ....

Cedl'r rove Plain.Austin ..........

Ilarri ............ 29 5
WIaslinigton .....I ;3iUpaliur.........i 32 4
SMclerlnan .... 31 :3
WtLaingtont.....1130 1
Ilrazeori ......2..0! 1
Tsruvis ........... J) '

5
ti

9

86

95 30 ........

i94 51 915.)

il 5.......4(0)
197 4; 6550

T. ........ 3
T1'.......! 3
''. I... 3
1 . R, ..: 12

T1.P1.Ri. . 1 2,

. I.

. ___

..

._ __



87METEOROLOGICAL OBSERVERS.

List of meteorological stations and observers,Ac.-Continued.
UTAI.

Name of observer.

Bullock, 'lhomns.........
IA-wlv, Jamite' ............

PhelpF, W. W...........

Station.

Wnuxhip ........
I arrisburg ......
Suit Lake .......I

County.

Summnnit .........
Washington .....
Salt Lake .......

VERMONlT.

nncklandt, larmnon....... Brandon ........ ut nd. 43 4 73 00 46t0 T'. fi
Cutting, Irnm A ........ Luneuburg ................... 44 71 1, 12 A ......

Eatou,Illenjinian P., M.D. Barinet ...... Caledonina..... 418 72 05 952 .'1. 1.
Padlilock. Jals A ...... Crafsb..ury..... Orleans ......... 4 40 7230 1, 1 T.... 4
Iaine, Charles L.......... Randolph....... Orange .......... 4 5 36 700 T.I.... 11
P'erry, lev. John 1. ....... Wilmnington ..... Winda ....... 4 53 7. 47 1, '50 1. ' ....

Sheldon, Ilarmron A .......... idleury Addison .........4359 73 10 398 A....... 1
Wild, Edward ......... North Craflsbury.i Orleans . . 44 40 7 30 1, ''. t .... 8

VIRGINIA.

Adnms,J.F ............. Iwleott'i ....... Hanover ........ 37 5 77 5 ........I ....... f
Clark, James T'l..M. .... Mount Solon .... Augusta....... . :18 17 79 0t ... . T ...... 7
Jones, Btenjamin W...... Surry C. 11 ..... .Surry ........... :7 10 76 ...... ........ 8
Mferiwetler, Chbrles J.... Near lynchburg. 1Bedford .........371579 1 ..............
l'ult, Jean ( ............Cape Chlnrlres .... Nrthbinpto... 3708 75 53Q0 1. I ....

Saluakr, J. . ...owvill...... laki ........ 37 0 ....... . ...

WASHINGTON.

Bulkelcy·, f S............. Port Tovnacud.. Jefferson ........ 4807 12)144 8 T. t ....I 4
Sampson, Alexauder... h y ........................ 48 37 17 ._lnlkeley,$. Port Town~cud..~JcfT ., ...............

WEST \VIRGINIA.

liveno, Robert II ........ Burning Spriugsd. Wirt............ 386 8121 ........ ' ....... 1MiIcDownvel, W. ........ Romnoy......... Imllnpliiro ...... .......,.... ..... T ....... 1
lRoLTf, Charles I ......... Ashlal....nd.C..:l)1 .......... 38 308......2!1"G raftoni)b......... ... .... . .......8harpl, D, \\'W.1t ....... lr .ISCONSIN. .i

WVISCONSIN.

Breed, E. Everett .......

Cilrtli, W. '...........
JliIaganl,,Johnl L.........
E:dldy, l,eveis ...........

I'aye,.1, C ..............

(Gile, Williaii ...........
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DEATIS OF OBSERVERS.

Stephen 0. 3Mead, Claremnont, New hIampshire, March 18, 1867.
James A. Paddock, Craftsbury, Vermont, April, 1867.
Professor Chester Dewey, Rochester, New York, D)ecember 15,1867.
M. M. Matthews, M. 1)., Rochester, New York, November, 1867.
iHenry M. Corey, Fernaudina, Florida, August 19, 1867.

Colleges and otlier istitttions firom) which meteorological registers were rcceired
ldu'riniq the year 1S67, inchedinci theprccdling list.

Nova Scotia ..............

Albll)ainmt .................

ArlrkaInslus ..............

C'alilfrnia ..............

Colnnecticut ..............

Illinois ...................

Iown .....................

a(:IIsas ...... ............

it ryliandi ................

Mlassaclhusetts ............

.Michigan .................

Alissis.ipl)i ........ ....
Missouri .............

New I alllpsliir ...........

Ne'\ .1 (rsv.y..............
New York................

Ohio .....................

Pennsylvania ............

Tvxas ...................

Wisconsin ..............

Acadia College ......................
Greene Springs School ...............

Normal School ......................
State Insane Asylum .................

Wcsleyan University ................
YounglIadies' Collegiate Institute .....
Lombard University ................
Northwestern University .............
Cornell Collego ........ ..............
Griswold College......................
Iowa State University ................
Agricultural College..................
St. Timothy's Ihall...................
Mount St. Mary's College ..............
Amherst College.......................
State Lunatic lospital...............
W illiams' College .....................
State Agricultural College.... ........

Fayette Female Academy ..............
St. Louis University ..................
Grand River College .................
St. Paul's School .....................

Rutgers College ............ ........

Columbia Collgeo ..................
Institution for Deaf and Dumb.........
Erasmus Hall Academy ...............
Oneida Conference Seminary...........
St. Francis Xavier College .............

University of Rochester ...............
Farmers' College ....................
Ottcrbein University..................
Urbana University ...................
Woodward High School.............
Jefferson College ....................
Lehigh University ..................

Lewisburg University ...............

Stewart College. .....................

Lookout Mountain Educational Institu-
tion ..............................

Tusculum College..................
Institution for Deaf and Dumb .........
Beloit College....................
Galesvillc University ..................
Lawrence University..................

Wolfvillc.
Havana.
IHelena.
Stockton.
Middletown.
New Iaven.
GCalesburg.
Evanston.
Mount Vernon.
davenport .

Iowa City.
lManlnattan.
Catonsville.
Emmittsburg.
Amiherst.
Worcester.
Williamstown.
Lansing.
Fayette.
St. Louis.
Eldinburg.
Concord.
New Brunswick.
New York.
Now York.
Flattbush.
Cazenov ia.
New York.
Rochester.
College lill.
Westervillo.
Urbana.
Cincinnati.
Canonsburg.
IBethlehem.
Lewisburg.
Clarksvilio.

Lookout Mountain.
Greenville.
Austin.
Bcloit.
Galesville.
Appleton.

88

L_ _I_ ___ .
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METEOROLOGICAL MATERIAL CONTRIBUTED IN ADDITION TO TIIE REG-
ULAR OBSERVATIONS.

lAcad:ric Ioalcle(c Blgiquc.-Observations des Etoililes flantes p)rio(di(qles
(l Novenlbre, 1866. (Extr. des Bulletins, 21no str., t. xxii, No. 12, 1866.)
Svo., 2-1 pages.

Sulr l'llulre (des Chutes d'A6rolithes, par M. Ad. Quetelet, s:,ccrtairo Ipcrpetlel
(le l'Academie Rovalo do B1elgique. (Extr. des Bulletins, 2iell ser., t. xxiii, No.
3, 1867.) 8vo., 8 pages.

lEtoilcs lilantes.-Publication des ,Annales M5t(iorologilCies (do 'Olservatoiro
Iloval. Sr l'lll6hiographio et ]a Selcnograp)ie.-Orages obselrvs ia Bruxelles
et a Loevain (dl 7 F'evrier jlsqu'a la fin do Mai. Communications do M. Ad.
Qiuctelet, Directelr o(1i'O)sclrvatoire Royal doBlruxelles. (EIxtra:it dcs 13ullo-
tiins, 121e sedrie, tunoi xxiii, Nos. 5 et 6, 1867.) Svo., 2O0 pages.
Administration l Minesilesdo lssie.-Collrcspondalnce Mctdololoogiquo p11b-

lie:Liiii annliello (d lel'Adliniistration des Mlines do lillssie, rcdi6ioge par A. T.
Kiip;lli':'l)Directel.r d(le l'Observatoiri P1iysilllo Central d( Russie et In(Iul)re 1do
.'Acid:(Liie (hds Sciences (do St. Petcrsiboiurr. Annlle 186 I. St. l'ettersboui' ,

18365. *Ito., 102 pt)Ies.
Asiatic S'Vcictbl (tf BJenal.-Jouirnal of' tlle Asiatic Society o( Benalll, edited

by tlie Natlnl:al Ii.storyl Scrietary. Calcuttalt, 1866; Svo(. (Contains Inllolnily
abstracts of thlo results of tlie h11ollly meteorological obselr:tions tal;cl at tli
surveyor gelleral's police, Calcutta.]

l(llou,1 '\ahltm A'., L. J).-Sn nmiary of observations made during tile year
1867, at Sandwich, D)e Kalb county, Illinois.

Bannister), Henr/y i.-O, selrvationis iadc at ort ortt. Michael, Norton sound,
Russian Americ.a, Jroll October 1, 1865, to August 31, 1(66. (Thle osl>ervla-
tiuns from l)December 10, 186I5 to January 16, 1866, were Illtale by Mr. J. A.
Beanl.)

Bartlett, Erastus B.-Sumnmary of observations for tle year 1867, at Palelrno,
New York ; newspaper slip.
Board (o Tlrade, Lonldo.-I,Reports of thle meteorological departllelit of thlo

Board of Trade, 1862, 1863, 1864; octavo.
Eleventh IIlnmbe r of tile meteorological papers pIublished by authority of tlio

Board t''Trade ; naplendix to report; 8vo. Tweltllh 1numl)ber, mllisce(lhtlla(us;
Svo. Thirteenth n11umilber, anenlomletry, at Ilalilfax, Nova Scotia ; 4to. 1our-
teenith number, i)arometers; north andl south lhatitludes; 4to.

lBarometer Mainual, eight h edition ; 8vo. Coast or l'ishlerv Barometer Man-
ual; flifth edition ; 8\o. lArrangements lor Mcteorologic 'i'elegraplly ; third
edition.
Wind Charts of the Ocean; 16 largo charts. Instructioiis and blankftim', i

for meteorological observations.
Bruhlns, 'r!of Dr. C.-Meteorologisclio IBcobaclmtingen, angllestellt allf der

Leipziger UlnivCrsilats-Sterlnwart ill lden Jahren 1864 nd 1865. Ileraus-
gcgeehen von Prof. Dr. C. lruillns, Director de Sternvwarte. Afit zwei grapli-
scelln Darstelllulgn (der llcobaclitungen voln . Schllril)er. Svo., 192 l)ages.

Ressultate auls (deln Inetelorologiscllen Beoiaclitungelle, alngestellt tan Ielirelrell
Orten iln Ki6igreich Saclhsen in dlen Jallren 1760 bis 186(5, u1nd all d(en
zweimldzwanzig Klnigl. Saclisisclen Stationen iml Jahre 1865., Inacl den
iionlaitlicihe ZIsaiitnenstelluingen imt statistischlen Blireau des k6uiglichin Milli-
steriums deslIicn . Bearbeitet von DI)r. .C.Bruins, Director der Stcrnwarto
und Professor dlr Astronomic in Leipzig. Zwcitor Jainlgang. Leiplig, 1867.
4to., 147 pages.

C/hi,(a.o Academyl o(f ,Sriencs.-Transactilns of tile Academy, vollllno 1,
li'rt 1, Chicago, 1867. [Article II is "On the climate of tile country bordcr-
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ing upon tlhe great North American lakes. By I. A. Lphaim, LL.D., of Mil-
waukee, Wisconsin."]

Cockburn, S.--Rain-fall at Belize, Britisl HIonduras, during each month from
Augulst, 1862, to April, 1868, inclusive.-Mcteorological phenolnena at Belize,
1863.

Commission Hy!/drometriquc ct (Ics Orages (lc Lyol.-Vollumi for 1866, 23d
year. It contains: Reslum6 des observations rccucillies dans lslbassins de la
Sa6ne, du Rhlline, ct de quclqucs autres regions, accompagn6 de notices diverses.-
Apcrq.s gndlranux sur los caract6rcs (el l'annele 1866, ct details an sujet des oragcs,
par M. J. Fournet, President t(es Commissions IIHydroutrique et (tes Oragcs.-
Observations Mitedorologiques faiths i 9 lheires du martin a l'observatoiro (d
Lyon, du ler I)Dcembre, 1865, au ler Dcembbrc, 1866, par MA. Aine Drian,
sous la direction do M. Lafon, Professcur i la Facultd des Sciences et Directeur
do l'Observatoirc.-iRdsultats d(e I nouvello s6rio d'observations ozonometri-
ques, faites par 1MM. le Doctcur Lemlert tet . Rnassinier duirant lanneno 1866.-
Observations Mdtdorologiques faiths par MM. Midre ct Aristido Chari'rc a
Alun, (Creuse.) 36 annles d'observations, dent 33 compl tes.-Pluies et Neiges
toinmbles sur les diverscs stations idu ddpartemtent diu Ith6ne et natres annexes
en 1866.--Remarques sur la Rgle B3ugeaud relativecelnt au temps, par L. 11.
Lorenti; lues t la Socited Ilnplcriale d'Agricalture, d'liistoire Naturelle ct des
Arts Utiles de Lyon, dans sa seance dii 20 Jillct, 1866.-DI)tails sur la distri-
bution des orages norinaux dans Ie dlpanrtement d( Illi6ne, par MA. J. Fournet.-
Classification d(es Phldllonmnes products par l'lecctricitc metcoriquc dans Ic
bassin du Rli6ne et aux aloetours, par Al. J. Fournet; lue l1'Acaddmiio des
Sciences, I3elles-Lettres ct Arts do Lyoii, ldans la seance du 6 Maras, 1867.

C(iwch, E. D.-Observtlionls on temperature and face of tlhe sky, made irreg-
ularly, from November, 1861, to April, 1862, and during tle -years 1863 and
1864, at Salisbury, Nw Ilanipshire.

CGumbary, Arisutid.-Observations mdtcorologiques faites'a Constantinople,
str la collins d( 1'ra, par Aristide Coumbray. November 1867, to MIarch,
1868. Tables and diagrams.

Crisson, J. C.-See State Department.
Crowlltcr, aBcejamin.-Observations at Tuspan, Mexico, during September,

October, NoveCmber, and December, 1867.
Daguinl, P. A.-Trait edldmcentaire (ld physique thllorique ect csxprimentale,

avea les applications a la m6tcorologie et aux arts idulstriels,i l'usnage dcs
facultds, des ctabllissements d'enseilgnlmnt secondaire, et des ccoles spcCiales dl
gouvcrnementl. Par P. A.)a.nguin, ancicn 61lve do l'ccole nornalc, Professcur
de. Physique t laI Facultd des Sciences do Toulouse, Directcur do l'Ohscva-
toire, &c. T1roisiclle edlitionl, avec pl1s d(e 1760 figures intercalCes dansle
tcxte, ct une planclho en coulerlr. Toulouse, 1867. 8vo., 4t vols.
Dc L/sce; Joohn.--Daily register of the weather at Hilngam, Shecoygan

county, Wisconsin; made Imorning, noon, and evening, ,luring the year 1867.
Eddy, Lcvcns.-Sumnnlary of observations for tlie year 1866, at l)elavan,

Wisconsin; printed slip.
Ellis, J. M.--Monthly review of tll weather for 1867, compiled by J. M.

Ellis fOr tlie North Anerican and Uniited States Gazette, giving temperature,
raini, and mortality statistics at Philadlelphia; also occasional notices of tlie
weather elsewhere.

Ernst, A.-Meteorological data for Caracas, Venezuela, South America,
communicated by G. A. Ernst, Caracas. 10 pages letter laper.

Fournet, f.. J.-Note sir le caractlro p1rilodiqu1o do l'etablisscmcnt des
journdes olraguses, par M.. . Fourn'et, corrIe.spondantlt do institute. (IExtralit d1
1Bulletin del'Acalddmni Iimpriale des Sciences, Bellcs-Lcttrcs et Arts dlo Lyon.)
Svo., 4 pages.

Geological Surtvey of India.-Catalogic of tlih spocimens of meteoric stones
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and meteoric irons in the Museum of tile Geological Survey of India, Calcutta.
Calcutta, 1866. 8vo., 12 pages.

Haidlinlgr, IV. Ritter von.-Dcr Aeteorstcinfall am 9. Juni, 1866, bci Knya-
binyn. (Zweitcr Bericht.) Von W. Ritter v. IIaidiuger, wirklichem Mitgliedo
der kaiserlichenl Akademio der Wissenschaften. Mit 3. Tafeln. Vorgelogt in
der Sitzung am 11. October, 1866. Vienna, 8'vo., 48 pages.

Htaidinger, WT-Dio Mcteoritenl des k. k. Ilof-Minleralicn-Ca1binetes am 1.
Juli, 1867; 4 pages.

IlHann, Julis.-Der Einfluss dcr Wilnd auf die muittleren Wertho der wicli-
tigereC nioteorologisclhln Elemente zu Wien. Von Julius IIann. (Ans dolm
LVI. Bando d. Sitzl. d: k. Akad. d. WVissenslch .I. bth. Oct.-HI ft. Jahrg,1867.) 8vo., 25 pages.

IIcimstreet, Johan W.-Record of the amount of rain during May, fiom 1826
to 1846, at Lansingburg, three miles north of Troy, New York, andl during Mfay,
from 1848 to 1867, at Troy.
Ieine, IW.-Rovuo des Conrs Scientifiques (de la France et (de 1etranger, 4

Mai, 1867. Paris, 4to. [It contains: " Los EItoiles ilantes. Essai (lo th6orio
gCinerale d'aprc's Ics travaux (d M. Newton, des Etats-Unlis."] By M. W. do
Fonvielle, lPp. 356-365.
lkinckcnl, Drs.-Se Naturwissenschaftlicher Vercin.l
lydc, G. A.-Sulmmary of observations for the year 1867, at Cleveland,Ohio. (Newspapelr slip.)
Instliut Eg/pticn.-Bulletin do l'Institut Egyptien. Alexandrie d'Egypte.No. 1 to 9; 1859 to 1865. [Contain observations at Port Said il Jlun, 1859;No. 1, page 50. Observations at Port Said fiom June 1 to Octoler 31, 1859

No. 2, page 80. lRemarks by M. Colucei-Bcy on the olberva.tions tllus far
made ill Ergypt; No. 4, page 55. Remarks on tle observations made in
1859-'60, at Alexandria; No. 5, page 70.]
Ices, lfilliam.-Climatology of Blinthalo, New York, fiom observations made

by William Ives, from 1858 to 1867 inclusive ; four pages octavo; pul)lishedin Thomas' Buffilo City Directory for 1868.
JelinlC7, Dr. Carl.-Zeitschrift, dler sterreichischen (esellschaft fiir BMeteoro-

logic. Icdligirt von Dr. Carl Jelinok. Verlag von Wilhelm Braumiiller in
Wien ; 8vo. [Published on tile 1st and 15th of everymonthh]Uber (lieTiuglicheon Anderugen er Tempelrat'r nacli den Beolaclitungen
dcr Meteorologischen Statioienn in Osterreiclh. Von Dr. K. Jelilek, wirkliichlem
-itgliede der Kaiserlichen Akatdenic der Wisscnsehcaften. Vorgelegt in der
Sitztng am 12. Juli, 1866. Wien, 1867. 4ito., 40 pages.

J her (lie mnittlore Temperatur zu VWieu, nach 90-j:ilirigen Beoliachltungcn, ind
iiber die Rlucklillo der KIilto im Mati. Von Dr. C. Jelinek. (Vorgclegt ill
der Sitzung vom1 2. November, 1866.) 8o\., 83 pages.Ueber die Stuiiro dos NoveimberIlld l)ecember, 1866. Von Dr. C. Jelinek.
(Vorgelegt in der Sitzung vomn 14. Miirz, 1867.) Mit 4 Tafeln. 8vo., 32 pages.iKafis. Gcographisci1C Ccscllschtqft zu 5'. Pctcrsblul/.-Rleprtoriil fl'irMIeteo-rologie, icr'ausgegeben vonde1 r Kais. (eograplisclen Gesellscliaft %1u St.
1'cterlslJllg, rcdigirt von Dr. Ludwig Friedrich liKiitz, Kaiserl. lussischlem
IStatsrath ufnd Professor zu Dorpat. IIL. Band. 1, 2, 3 Heft. Dorpat, 1863.
4to., 286 pages.

K. k.C'ntralanstalt fur Jctoroloiic umll icErdmagnctismus.-Summary of
observations issued monthly. Vienna. 8vo.

Keenani, .J. T. 1I.-Daily notes of til weather, witlhot instruments, duringthe year 1867, near Brookhaven, 1,awrence county, Mississippi. Table of tlio
dates of planting, germinating, andl ripening of vegetables in 1867. Table
showiingl tihe last and first fiost and (late of first cotton blooms and when killed
by frost; also, dates of aplpearancel and disappl)earance of birds.
Kingston Obscrvatory.-Sec Williamuson, James.
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Kongeligcdansce Viedcnskabcrnes Selskabs, (Royal Danish Society of Science.)-
Oversigt over ldt kougeligo danske Videnslabernes Sclskabs Forandlliuger, og
(lets tMedlemllnrs Arbeider i Aartet 1866. Al J. Japetus Sin. Steenstrup, Pro-
fessor ord. ved Kjobenliavns Universitet, Selskabets Secretaer. [Each number
contains meteorological observations at Copenllliagnc.]

Kfonlyclic .andhuusholtdnlis ,Scl.ltab.-(Illoval ,Society of Rural Economy.)--
Aarslberetning fra de(t Kongelige Iandhlilsholdnings Selskabs lmeteorologiske
Coilitee for 1864. Kjibenhavn, 1865. 8vo., 46 p ag'es. Samle for 1865 and
1866.

Pemaa.rsberetning fra dlet Kongeligeo Lndlilsholdnings Selkabs meteorolo-
gisko Comtitee fr 1861-1865. Kjhobenhavn. 1867. 8vo., 132 pages.

KoninklUl;J NC'drlandsch1 Mcll eor)ohlisch Inslituut.--Nederladschl Metcoro.
logiscl Jaarbloekl veoor 1866. Uiitgcgeven doloor lict Koninlllijlk Ncderlandscl
iMctcorologisclh Inslitiut. EersteDl)cl. Waariiiiinlg in iNederland. Utreclt,
1866. ()Oblog 4to., 159 pages.

Nederladsclh lMetceorologisct l J:arlock voor 1866. Uitgcgeven door leot
Koninklijk Ncderlandsch Meteorologise.I iistit.it. Tl\oode I)eel. Afswijkingen
van Tcliperatuir en Baromneterstand op velo Plaatsen in E'uropa), ILet \Waarm-
emCingCt van Rogen en Wind. Utrecht, 1867. Oblong 4to., 234 pags.

Latim)cr, George.-Sonic observations (ol what is usually called tih CGrOnt
IIurricano of 29ll Octol)er, 1867, at Tortola, (or IPtes' island,) Saint lThoImas,
and Porto Rico, in tlhe West In dies.
Some observations regarding the earthu(akles in SaintThom'as and tlh neigh.

boring islands, commencing November 18, 1867.
Leeds Philosophical and Litrarc / Sociely.-1Forty-sixth report of til council

of tlh Leeds Philosophical an(d Literary Society, at tlel close of tie session
1865-'66; read at the annual Ieeting, Mlay 1, 1866. [Contains tia abstract of
thel mean temperature and height of' barometer, and allmount of rain, for each
month duringg tle year 1865, from the meteorological register kept at tlle hall
of the society.]

Lewis, James, A1. D.-Hlomrly record kept at Mohawk, New York, during
the year 1867, by his self-recording thermolmeter and barometer. [Records were
also received in 1865 and 1866, l)but omitted to be noticed in tlhe list published
in the annutial report for those years.]

Logan, Dr. Thomas 31-allos.-howingthe atnlllult of rain at Sacminento,
California, during everymonthly for 18 years, (184!) to 1867,) with remarks on tli
wet andl dry seasons, and tlle elect of trees on tile (quantity of rain. (Newspa-
per slip.)

Ma(lras Litcl)era/ ,SocietJ an(d A iiliaryJhItyal Asiatic Socity.-Madras Jour-
nal of Jliterature and Scie(ncl; edited 1by the committee of the Mtadras Literar
Society anld Auxiliary Royal Asiatic Society. April, 1858, to March, 1860.
Now series. Vols. 4 and 5. 8vo. [Contaill lmonllthlly tables of meteorological
observations kept at the Madras magnetic olservatory.]

'The 3Madras JouIrnal oif Literature and Science; edited lb tlhe honorable secretary
to te Madrals literary Society and Auxiliary of tlih Royal Asiatic Society. lThird
series. Part 2. October,.1866. [Contains dailyy and half-mlonthly results of
meteorological observations madto at the Madras observatory ill tlle year 1863."]

Mar)yict, lPrf'/ss r J..-See SocietU Vauldoisid(es Sciences Naturtlles.
Mllaynard, El'dwartd.-SeeS State Department.
Meteorological C'tommilfe, Calcullta.- eltiort on tlle Calcutta cyclone of tlio

5th October, 1861, 1,by Lieutentat Colonel .J. 1. (astrell and Henry F. Blan-
ford, A. R. S. M[., with malpms and diagrams illustrating the origin and progress of
the storumi and the track of tihe storm wave. Printed and llblishedl for tlie gov-
ernment of 3Bengal, by order of tlhe lieutenant governor. Calcutta, 1866. 8 vo.,
18.1 pages.
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Meteorological Socie/, (British.)-Proceedings of the Meteorological Society,
edited by James Glaisher, esq,1e'. 1. S., secretary. Lonloln, 1867.
Mltcorologisch CcUntrallnstalt der Schlciczrischcn Gcscllsclafl.-Sclhweizerischo

Meteorologischlc Bcobachltungen, Ihc usgegeben von der Meteorologischenx Cen-
tralanstalt dcr SchwlleizerisChen Naturforschelnden Gesllsclhaft, inter Direktioi
von Prof. 1)r. Rudolf AVolf. Zurich. 4to. (Publishedl monthly.)
Michigan Stalc Agricultural (Collge.-1 Fifth annual report of til secretary of

the State board of agriculture of the Stato of Michigan, fhr the year 1866. It
contains a copy in retail of tile meteorological observations 1or thie year 1866,
taken at tlhe State Agricultural College, by R1. C. K(dzie, professor of chemistry.
Also, an article on tlhe efl ct of forest trees on climate.

Mfiihry, A.-Zur orographischen Meteorologic. Von A. Miihryl. I. Ueber
(deln l'Fillhind. (Nachl den il d(en 'Tabelleln des schweizer meteorologisclhic
Beohlachtungs-Systcm enthaltenen Thats:aclen.) II. Ueber das Verweilnl eincr
w\irineren Luftscliiclite iln (len o(Ieren Ilegionen dei' Alpen . Svo., 16 pages.

Mullrpq/, William I.-Se tateI)ttDeartment.
NrYtural Ilislort Socichtl of Nolrttihumbrlawe) Durham, andl Newcastle-i)on-

Tyne.-Natlral Ilistory Transactions of Northluberlandl and Durham. Vol. 1,
part 3. [Contains meteorological report for 1866. Edite(l by tlhe Rev. I. F.
Wheeler, 1M. A., pago 284-309.J
Naturwissenscha'llicTherI creinf) B'rment.-\Zweiter Jahireslericlt des Natll-

wi.ssensceaftlichlen Vereines zu lhremen. F1ir (das Gcssellschaftsjahr vomn 1. April
1866 bis EndeMliirz 1867. Blremen. 1867. 8vo., 222 pages. [It conitil;:
"'Witterungsbel, lachtutngn zIuIemen iln den 30 Jahl'en von 1829 l)is 18;58.
Angestellt (urch D)r. r1ed. I'. IIcinckon." 74 pages]

Narti IDeartmenlt.-Oblservations during the year 1867 at tile naval hospitals
at New York, Philaldlphia, and( Norfolk.

cill, l'homas.-'LTable showing thle amount of rain at Sanldusky, Ohio, in
each month, from 1859 to 1867, inclusive.

A,'twlon, II A.-On certain recent contributions to astro-meteorology, by 11.
A. Newton. Svo., 16 pages. (Extracted from the lAmerican Jolurnal of Sri-
once, May, 1867.)

Norsk'; ilcteorologiske Institut.-Meteorologiske paa Christiania Ob.servato-
rinir, 1866. Christiania, 1866. Oblong folio, 52 pages.
Meteorologisko Iagttagelser 1paa flm ''elegrafstationerl ved Norges kyst.

Rleducerede og sammenstille(lde af J. J. Astrand, Blestyrer af Bergens Ob)serva-
t(oriln. Forsto og Andlle Aarganl. Udgivne af (let kolngelige Norske 1're.d(riks Unliversitct vel C. Farntleyt, Bestvrer af Christiania Observatorimll. Chr'is-
tianin, 1866. Oblong folio, 158pages.
Meteorologiske Ingttagelser i (let Sydlige Norge, 1863, 1864, 1865, 18166.

Cdgivne af dlet Kongrligo Norske Flrcderiks Universitet ved det Noi-;le Metvo-
rologisko Institut. Clhristiania, 1867. Olotng folio, 280 pages.

(OIscrratoire d'AfltUns.-PIldications (de Iolscervatoire ('Atlludnc!, (ldexi'lno
serie, tomin II. lBoitarrge znr physicaliseheln Geographic yon ( riechen'llta, von
J. F. Julius Schmidt, Director (der Sternwarte .zu Athen. Zwciter Band. Athen,
1864. Q(uarto. [Contains Met(eorological observations at Atlhes fnr 1860 and
1861. Pages 1 to 113, and 163 to 206.]
Obserraoire Phyfsique Central, St. 'Pctcrsbourg.- Compte-Ilendu Annuel

adressl U SI. E s.M. d(eRIeutern, Ministre (des Flinances, par le l)irecteur do 1!()b-
Ferva:toire PlhysiqC(1 Central A.-T. 1Kurlfer. AnneC 186-1. Supplleent aux
Annales le l'Observatoire Physique Central, pour 1'anne' 1 862. St. IPetersbourg.18G6. 4to., 63 pages. [It contains meteorological observations for the year 1862
at St. 1etersurg, Catherinlbrg, Barnaoul, Nertchinsk, Sitka, 'Piflis, Bogo-sFlo'sk, Zlatoouste, and Lougan. Also, a table giving tho temperature of tho
winter, spring, Hummner, and autuntn from December 1,1862, to December 1, 1863,
at 25 stations.]
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Observatorio 3fagndtico y t3eteorologico del Real Colegio de1Beln de la Compa-
ftia de Jesus en la IIabana.-Monthly bulletin of observations. 8vo., 8 pages.

Osscrtatorio Astronomico dell' Universiti di Torino.-Bolletino letcorologico
dell' Universitu di'orino.' Anno 1866. Torino, 1867. Oblong 4to., 56 pages.

Oester ecichische Gesellscefif fur Meteorologie.-Zeitschrift der Ocstcrroicli.
sclicn Gesellschaft fur Meteorologic. Itedigirt von Dr. Carl Jelinek. II Band.
Vienna, 1867. Svo., 584 pages.

Parvin, Professor Theodore S.--Summary of observations at the Stato Univer-
sity, Iowa City, Iowa, during the year 1866, and comparisons with the means of
twenty-five years. Two pages, 8vo.

Pike, Nicolas.-See State Department.
Plantamtour, s.-Dcs Anomalies do ln Temperature obscrvdes a Gcndro

pendant les quaranto annels 1826-1865, par E. Plantamour, Professeur a
PAcaddmie do Gcen3c. Genuvo, 1867. 4to., 63 pages. (Extrait des MAdmoires
de la Socitd (lo Physique et (l'lIistoiro Nattrelleo (0 Genovc, tomio xix.)

Prcstfl, Dr. il. A. F.-D1io elriodiscllen unll nicht-periodisclien Verindeniln
gen des Barometerstandes, so w\io lie Stiirme und das Wetter iiber der hanno.
versclien Nordseekiistc, als Grundlago der Sturmi- und Wottcr-Prognose, (large.
stellt von 1)r. MI. A. F. Prestel, Oberlelirer (der Mathematik und Naturwissen-
seliaften am Gymnasium zu Eldeln, Iirektor (der Naturlorselenden Gesellsleaft
dascllst. Alit zwei Tafeln in Stcindruck. Emlden, 1866. 4to., 150 pages.

Irettncr, J.-Klinma tnld Witterung von Klagenfurt. Von J. Prettncr. (Aus
deim JanrlirIch des Nat.-liist. MAuseumis VII, Scito I.) Klagenfirt, 1865.
Svo., 80 pages.

Quctekt, E'rnest.-Mnlmoiro sur la temperature do a'ir a Bruxellcs, par
EIriies/(2Qutelet. Memobro d(o 'Acnadllie loyale (ldc Sciences, dlcs Lcttres ct
des Ileaux-Arts(' Belgique. llruxelles, 1867. 4to., 103 pages.
1aIswon, G(ovcrnror C. B.-Report on the Bahamas hurricane of October, 1866,

witl at (e.seription of tle city of Nassau, New Providcnce. By Governor Raw-
SCl W llawst,m, C.. 3. 8vo., 52 pages, witl two charts.

Report of the lBahanas for the year 1864, by Governor Rawson. London,
186(l. 8vo., 12i pges. [It contains three pages on the climate and meteo-
rolgy of tlie islands.]

i'Cal Academia (e Cicncias Metdlicas, Fisicas /y Aaturales (e la Habanan.-
Anales de la Real Academiati (lo Ciencias IMedicas, Fisicas y Naturales (1o la
Illaana. Re;ista cientifica. I)irectores, Dr. D. Antonio lestre y ). Marcos
do J. Melero, IHabana. [Publishled monitly, and each number contains a suni-
mary of observations for thle month, at Ifavana.]

l1eale Accadeina dlle Scienze dii Torino.-Memoirs, second series, volume 23.
4to., Turin, 1806. [Contains: MAlmoire sur la loi (du refroidissement des corps
splihriques et suir 1'expression do1la chaleur solaire dani es latitudes circumpolaircs
do la terre, par Jean Plana. Lu dans la seance du 21 Juin, 1863. Also: 1)i un
iaroinetro ad aria od aeri)psomcetro, per la mlisura dello Ipiccole altezze, di Gilberto
Govi. AMeloria letta ed apll)rovata nell' ad(unanza d(el 29 Marz.o, 1863.]

Atti della It. Accademia (Ill(o Scicnzo di Torino, publicati dagli Accademici
Segretari dello lduo Classi. [ubllisled nmoithlly, and each number contains
meteorological observations Mnadl at tll Astmronomical Observatory at 'I'tin.]

cnale Instituto Lombardo di Sciclnz, Letterc ed Arti.-Atti (el IReale Instituto
Lombardo di Scienze, Lettere ed Arti, vol. 2, 3, Milano, 1860-1864. Quarto.
[Contain: " Osservazioni netelorologiclie fltte nella nuova torro del Realo
Osservatorio Astronomico di Irera, daill ab. Giovanni Capelli." October,
1859, to )ecembelr, 1863, inclusive.]

leculc Instituto Lombardo di Scicnze Lcttcrc.--Rondiconti. Classo di Scienzo
Mate.maticho c Naturali. Vol. 1, 2, 3. Milano, 1864, 1865, 1866. 8vo.
[Pullished monthly, ant contain: ' Osservazioni motcorologielo tlella specola
di Brera, eseguito dall' abate Giovani Capelli " beginning with January, 1864.1
'This is a continuation of the preceding article.
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Bealk Musco di Fisica c Storia .raturale. (di Fircnce.-Annali del R. 3Museo
di Fisica o Storia Naturalo di Fircnze, per il alnno 1865. Nuova scric, vol. 1,
Firnize, 1866; 4to. [Contains meteorological observations at 'Florence, from
Janllry, 1853, to FebIru'ryn , 1854; 28 pages.]

Iceale Osscrvalorio ( i Plalermo.-3Bullctino Metcorologico dcl Realo Osscrva-
torio diP'alermo. (Elstratto dal Giornale di Scicnzo Naturali cd E'coInoniicih.)
Published moitlily ; 8 pages, folio.

()sservazionlli fMoteorologiclh eseguito nel Reale Osscrvatorio di Palermo no11
nnio 1864. 4to., 28 pages.

Ilegio Osscrraltorio `'-,p Unii'crsiftt (i7Irino.-Bollettino3Metcorologico ed
Astronomiico del leg'' \)sscrvatorio dell' IUniv;ersitai di 'Torino. A.no II.
1S67. Oblonrg 4to., 82 pages.

ieulte, 1'.-01 )servations Mottorologiliuc s (1854-1 63,) faites a Luxemiboumg
par1l'. lRllter,p]rofe'sseurld chimioai 1' Atliuhdno royal grand-ldcal (lo Luxcm-
boluli. ILuxomll()imr', 1867. 8vo., 1241 pages.

I:osset, Irqcfessor('.-See Socidt6 'Vandoisod(s Sciences Naturelles.
loyal S'woctie qf lTasmania.-lResilts of twenty-five years' (1841 to 1865)

imteorolorida:l ol)selrvations for IIolart Town ; together with a two years' regis-
ter of (lie lp'irillpal atllios)hicrio mIeteors and aurora anustrlis. By Francis
Ahhott, F. It. A. S., &e., to which is added a meteorological summaryi for Adc-
laile, Mellbourne, Sydney, Auckland, &c., &., as coiml)iled from their respective
iecordls. Ilolbart 'Town, printed for) tho Royal Society of Tasmania. 186.
·lto., 416 pav('s.
Monthly notices of papers and proceedings of tli Royal Society of Tas-

r:iniai1, lfor 1803, 186S), 1865. 3 vols., Svo., containing tle metcorology for
ch'l i llonitli.

Sch'titqprelli, G. --Tiitorno al corso ed all' origino prolanlilc (ello Stello
eteoricicle. ILettero di G. V. Schianparelli al P. A. Secclil. (IEstratto (tdl bulle-

liio mletcorologico dlll' osservatorio del Collegio Itomano. Vol. 5, Ni. 8, 10, 11,
1'.) Roma, 18GG. 8vo., 3.1 l)ages.

D)ell' Infllieniza. dollla luiim: s11lle vicendo atllosferichio. 3menoria di G. V.
Scliiapparelli, M[ell)ro( elletivo del IR. Istitilto Lombf.lardo, letta alia Classo di
Scini1zo lltetitehio cnli Itnrali ne(ll tornata d(el 24 Maggio, 186(6. Estratto
(lile (illnoriei (lel It. Istituto Lomlbardo, vol.x. I della serio III. Milano,1866. 4to., 26 i:paes.

Sichmidt, J. 1". J'ulius.--liber Fl'euermllteor( 1842 l)is 1867. (Scllc ibcn an

IhIIrri k. llofiatli R]itter v. Ilaidinger.) Von J. . Julliis Schilidt, l)irector
uler Sterniwarto znt Atlen. Vorc'legt. in dlr Sitzlllg am 10 October, 1867.
AIs (demV1\' llde. d. Sitzb. d. k. Akald. d. Wissensch. II. Abtli., Oct.-IIeft.
Jalirg. 1867. vo., 34pages.

Schtucizerischc IatuJforsclcnde Gcscllschatfl.-Schl weizerisclio Meteorolo-
giscll(e l(oliac:tngll:nI, (*l.,lirseg(l)len on derl Mte(oolorgisc(enl Centralastalt
(er ,Sccwe(iz(lriscl llen Natmforschliedelln G(esllsclift, liter Direktl ivionl Pro-
fessor )r. lldolf Wolf. Drittcr Jaihrgang, 1866. Zrlichl. 4to.

Scottish 3[clcrorotloical ,Sociect.-.Jouirmal of tlh Scottish Meteorological
Society. ]uhllishled (qlarterly. E]dinllbigr, 1867. 8vo.

Sh'lewicrd, lie. J. A rery.-Il'regular olb)ervations at I'ass Christian, Missis-
sippi, May to July, 1860; and at M[ontgomery, Alab)ama, September 1860, to
April, 1861.

Sisson, Rodlnmi.- Summary of thermometer record kept at Abington,lluzcmle county, Pe'nnsylvania, during thle years 1864, 1865, 1866, 1867, giv-ing the means of each month, also ranmro annl extremules, from observations made
daily at snlm.rise, n1oon) and sunlset.

S'mithl, IHlcn Patrick.--Weckly abstract of observations kep)t at tlhe Central
Park, New York, with a full set of instruments, from July, 1867, to the end
of the year.
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Smith, Ml. D.-\Amont of rain ill each month from November, 1863, to
Novelmbler, 1867, at Meadow Valley, Plumas county, California.

So'citc (d'Agriculhurc, Sciences, Ar(s cf Belles-Letters (du department(c1'lre.c
ct-Loire.-Annales (10 la Soci(t(. PIilli6es sous la direction ded . I'Abbd C.
Chevalier, secretaire-perp6tuel, Rl'dateulr. 8vo. [Pul)lished onthlly at Tours.
Each nunmbler contains neteorollogical observations made at thlie otanlical garden
of Tlours, by M. Barnsby.]

Socie t(i'PAgriculthurec Sciences ct Arts (de la Srtkle.-Bulletin, published
quarterly. [The last partt for 1866 contatinls: "'Ta:lleau r6suml6 des observations
mntdorologiques faites a1 Mans (en1 1866, par M. I). ionhilomet."]'

Societe Imperiale des NArailt listfes tie lfoscou.-Bulletin de la Socidtt Iimp6riale
des Nattlralistes doe Moscou, public s,,ons ]a re1lactionl du I)octeu lenllard, 1866.
[Contains: " Oblservations IImctorologiques, faitces a l'Institut des Arpenteurs ((lit
Constaitin) (de loFsou, eti coimmuniquIces par J. Wleinlerg."]

J'ociiC M;ie'orologique tielFrancc.-Nouvelles etetorol',ogiques, pIlli&es sons
les auspices d(e Ia Societe Iedtcorologiqne de France. Col1mmission de rdlaction,
3IM. Charles Saillte-Claire )eville, lprdsident (to la Socidltd; larild Dav, scvre-
taire d(c Ia Socidtd; Itenou, Lemoine, Sonrel. [Began January, 1868; Ipublished
tlhe 1st of eachl montll; 8vo. 32 pages.]

Annuaire 1864, 1865, 1866.
Socirlc ltaudoise (dcs Sciences .Natuelcls, Lausanne.-T3lhletin, voluine rx,

No. 55, July, 1866. [Contains: lidsuimn des Alinnes MAtdnorologiqiies 1863 et
18641, pour Lausanne, par J. Marguet, lprofesseur; pp. l'-l;l. 1Also, fol' tlhe
year 1865, four dilagramis without text. -Bul3letin, volume ix, No. 56, l)ecelm-
ber 1866. [Contains: Note sin' 1'lnflueince (de la JLune snr laI'lerre, l)ar J. Mar-
giet, lprofesseur; pp. '2.5-2"36.-Quellues observations anorinales faites sir
les P'svchllromnltres u lastation mn11td6oologiqe de Bex, par C. Ivosset, professeulr;
pp. 243-2,19.]

Stale Deporltmefnt.--An account of a cyclone encountered in tile Indian ocean,
January 6 and 7, 1867, )b tile United States steamer Molloca;cy, while on her
passage from Silmon's bay, Soutli Africa, to IMalurititus. 1By Nicholas Pike,
United States consul, Port Louis.

)Observations made at 'l'rk's Island, West TIndieo, in Sel)temlier and October,
1867, lby J. C. (Jrissonl; forwarded ly Edward Maynard, United States co(,msl.
An account of tile weather ill Erope during tile montil of' March, 1867. By

William W. Murphy, United States comnsil at Franl;ifort.
Taiyloc, .Edward T.-~Table giving tile amolilt of rain during eac'l month

from 18:50 to 1866, inclusive, at Plowlhatan Hill, Kinig G('orge county, Virginia;
also monthly averages for tile whole period.

Rains of thle year 1867, at IPowlmatan lill, King George coutlt y, Vii'ginia.
Tlthomns lVilliam Faulds, lr. D.-Diagrain showing t ihe efll'cts of' the mleterl'o-

tlhgical inllillences oin mortality in the city of New York, 1(;6.
United States Naral Obscr;aloryj.-Alnmomlut of ral IInmeasi'red at tihe United

States Naval Oblservato'y, Washinigton, 1). 0(., (dm'ig eachllmontli from 1852
to 1867, inclusive, xcept't the years 1861, 1862, 1863.

Univcrsitiits-Bibliothlick ll tlscl.--l)ie ELrlillndnlg des Thlcrmomlleters inid seine
lestailtillg imt XVI\II. 'Jallhrhundelrt. Von 1)r. Frit% Iln'(ckh'ardt. Mit einer

lithlogr. 1Tafel. asel 1867. 1o, 56 pages.
Il'ihtd, D). If.-l)ie sellstregislrirende mieteorologisclien JlIstirumnente der

Sternwarle in Bern. Vol lDr. It. Wild, 'Professorder P'hysik an d(ler Uliversiltit
Bern imid Director derC Stternwarice dasellst. 1,;xtra'.:d,(1uck as dem II. 13liaic
voll Carll's lepl)erto'ium. Mit 9 Tat11'e, (N\). XXII[ is XXX.) AMiinchenl
1866. Svo., 44 pages.

l itfet, Joseph E.-Indian Slnulr er, by Joseph FL. Willet, professor of natural
)hilosophy and clhelistry il M(ercer University, Georgia. From tio American
Journal of Science and Arts, Novembli(e 1867. 8vo., 8 pages.

lVilliams, It. G.--Record of thermometer kept at Saugeities, Ulster county,
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N'ow York, at 7 a. m., from January 14, 1863, to Juno 30, 1865, with daily
iuticcs of weather dlluing the sFame l)eriol.

record of tllennormtter and barometer alt AWatlerlmry, Connecticut, for tlho
vcar 1866.

1 itliam.s, S. li.-Abstract of observations for cneh month of the year 1867,
at Lexington, Kentucky.

l illi(lmson,, James, Director of fthe Kingston Observatory.-Abhtracts oof imleteo-
irolhical register, University of Queel's College, Kingston, Canada \West, for
l11,9and 1860, giving thle means, range, anld extremes of ealch mIonthl . (n
printed slips. Tlhe slip for 1860 also contains tlho annual iiieans for 1856 to
I161, inclusive.

li'.s, 1'Prcissor Dlr.-WAochlcschrift flir Astronomic, Aeteorologie und C;Go-
graillie. Ncutc Folge. Zelinter Jalirgang. lledigirt von I'rofessor )Dr. I leis inl
Miistcer. l)ruck und Verlag von 1I. WV. Sclhmidt in Halle. [Year 1867 ; pub-l
lillsd weekly.]

lI'ri/ht, J. IV. A.-Summary of observations for tlle year 1867, at GIrc'cnt
Springs, Alalbman.-.Six articles on tilo climate of central Al:bama andMlis-is-
.i]lipi, published in tile "Alabama Beacconmlcoltallillrg lfcts and ilnfllrlc(ll-s
dl'lliiced from tho observations made at Greene Splrings, dtll eirt coml prisnll
wiid, other years ann localities.
(.'nlnown.)-Newspaper slips giving daily tempceratrlle and rain at uaramllnri,o

from June 6 to December 15, 1867, with a fitew omissions.

Mlctcorological registers received for the year 1867, or some part c/ it.

liritislh America.........
Waine ..................

New Hampshire
Vermont .................

Mas.sachliustts.t........
Rhode Island.............
Colillecticut .............
New York..........
New Jersey.............
P'enIsylvania ...........l-)wavIrc ........ .....

Maryland ...............
Virginia.................
West Virginia ...........
North Carolina ...........
',lltll Carolina ..........

(;Gcrgia .................
Florida .................
Alabama ...............
.ouisiall ...............
Mississippi ..............
''exas .. .................

Arkansas ...............
'ellessee ...............
Fentucky .............
Oliio ...................
1ic('iganII ................
IIlllla .................
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Illinois ............... 5 '

Missouri ...............! 2 7 ..

Wisconsin ............ .1..I
Minllesota................
lov ................... 1
Kansas - ..................
Nebraska .................
Colorado.................... 1
Ut.ahI................... :....
MonA tall .................... ....

Washinlgton..... ........ ....

Orecrot ............... ... ..

Calior rnia ............. ; ....

MI'XICO.
irador ............... I..........
CENTIIAL AMETtICA.

San Jos6, Costa lica............
Aspiuwall, 1'aminma .... ...........

WEST INDIES.
Turk's Island ......... .. 1

ER.MUI)A. i
St. George's ........... I .....

Total .......... ;!. 3: 5
__ ·_·

I ,
III



REPORT OF THE EXECUTIVE COMMITTEE.

'Thle Executive Commiittee respectfully submlit the following report ill relatio)l
to the funds of the Institution, tlo receil)ts and expenditures for the yor 1sG7,
and tlle estimates for the year 1868:

S'TATE'MENT OF THE FUND.

'lhe original amount received a3 tlhe beiluest of J.i'nes Smithson,
of England, deposited inl tho treasury of tile United States, in
lccordaInce with thle act of Congress of August 10, 186 ......

'The residuary legacy of Smithson, received in 1865, deposited in
tle treasury of tihe United States in accordlance witl the act of
Co'ln ress of F'ebruary 8S 1867..........................

Total blequest of Sinithson ..........................
Amount deposited in the treasury of the United States, as aruthor-

ized by thle act of Congress of Febrarcy 8, 1867, and directed
by the Board of lRegents, derived fro part of savings of incoIme
anlll increase of value of investilenlts ...................

Total permanent Smiithson fund in tlio treasury of the United
States ................ ..............................

In addition totote abovo tere remains of tile extra
fu1nd derived from savings of income, &c., Virginia
State ( per cent. bonds for.....................53, 500 00

Also, additional Virginia bonds issued for uinllaid in-
terest to January 1, 1867 ..................... 19,260 00

Par value ................ ...........................

$515, 169 00

26, 10 (:63

5.11, 379 63

108, 620 37

8650, 000 0;)

$72, 760 00

Present value, about 830,000.
Ilcccipts a(I ea2)CnditurCs fur 1867.

IlHCEIPTS.

Interest on the original bequest of Smithson, viz:
6 per cent. on $515,169.....................

Interest on tlie amount added to tlo original lrin-
cipal ill tllo United States treasury, authorized
by act of Congress 1February 8, 1867, viz: Fel,-
ruary 19, 1867, $34,831; February 27, $30,544;
April 1, (68,906 25.......................

Interest onl United States 7-30 bonds, from Fel,irary
15, 1865, to February 19, 1867, onl 854,150.....

Interest oil Virgini bonds, viz: 4 per cent. iln
853,500, to Decemlber 31, 1867, (less broker;ge).

Interest on Waslington city iond, viz : 6 per cent.
on $100 to July 1, 1867, (4. years) ...........

930, 910 14

6, 420 6'8

7, 907 00

2, 033 00

27 00



REPORT OF TIlE EXECUTIVE COMMITTEE.

Sales of bonds anld stocks, vi%:
5i1,150 United States 7-30s..... 857,4(f 8 00
15,000 Tennelssee 6.s........... 9,586 78
75,000 Indiana 5s ............. 68,90( 25

500 (corlgia C6s ...... 358 71
100 Washiingitoln s 10.......... 100 00

- 136,419 71
Sale of coinl interest .......................... 1 ,);55 .11
Salo of pitllications and old and iIseless material. . 52;7 7-1

Total rectil)ts in 1867 ....................................
Balinice (o hand, January, 1867..........................

Total amount available in 1867 .......................

99

198.'500 71
22.891 23

221,s91 91
_

m

_ -1
EXIPEND'IT[CII ES.

AmounIt added to the original leq(lest o(f, Smlitlson,
ill the treasury of the United Stalts, flllutlrized
1b the act of C('ogress (of Felbluary 8, 1867, iand
(irecteld Iby tle te(gclits, to illcrease tlihe i'iici-
pal to 8650,000, viz: resid(lina legac of' l'Smith-
,sconi .. ................. 'S.(26,210 63)

Additional deposits ........... 108,20 :37

Expenses for the year 1867-
Building and frnlitulr............
(neral expenses...................
lPulications and researches ........
Librarynlsctm, and exchanges ....*''0~~~~~~~~I

38, 650 74
12,'188 8.1
10,0.0 25
13,905 55

Total expenses .............................

Total ex)pnditurc and ilnvestmlenet dulringl 1867.

Balanco on hand January, 186 ...........

813.1,831 00

75,075 38

........... .$209,906 38

........... .11,-185 56
_ _.

Stfclfc,,! in detail (if c;xpcnditurcs for current opneratim s (f the year 1867.

BUIIT)TG.

IReconstruction of parts injured by fire ............
liepairs to old paLa'ts ..........................Furniture and fixtuies........................

GENERAL EXPENSES.
Meetings of the 1oarnl .. .....................
Lighting .......... .

USeating ............ .........................l'ostage...... ......... .................. ....

Sltationery ...... .........................
General prin ting ..............................

Incidentals, viz: hardware, tools, materials for clean-
ig, &c.....................................

$35,102 35
2,137 91
1,110 48

$38,650 74

256 50
204 55
808 65
714 .15

$89)2 79
194 06

241 1.9
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P'av.lleet for loss o(f tools l) thle fie, aiithlorizc! bli
Iecsolution of' tle Board, Feblnli'uar 1, 1867 ....... 8500 00

Salaries secretary, clerk, land laborers. ............ 8,676 65
$-------12,488 84

PUBLICATIONS AND RESEA-IRCHES.

Smithsoniani contributions, (lalrto) ............... 84,62 1 76
Slllitlsol.nianml miscellaneous collection1i, ((ctao) ..... 2,045 20
Smitihsonian report, illustrations, stereotyplilng, &c... 920 IS
Meteorology ................................ 1,014 .39
Aplparatus ................................... 457 82
ILaborato(r'y ............................. .... 17 4 1
Explorations ................................. 9 3 19

10,030 25

LIBRARY, MUSEUMI , AND LITERARY EXCIIAXGE(;S.

P'.uchase of books and binding. ................. 8719 10
Literary and scientific excllanges ............... 3,:507 87
Assistallts ill liiS(ll .......... ................ 5,890 39
Ilciilentals forins'sllll, alcoi ol, beln/zine, &c...... 1,715 81
lFrcights ..................................... 2 072 :38

13,905 55

Total expenditure in 1867 ............................. 75,,075 3S

The Board of Regents having directed tlie sale of the United States 7.30
bolds. as also tile Indiana, Georgia and Wlashington bond,( tlhe proceeds to )o

lapp1lied lo tlie iniciease of the permanent capital, this was accordillngly done
throlghl tilelrelv of e nllgers ,f theInstituetitinll. Theaclt of Congress of
lFelbruary 8, 1867, passed ill accordance with the memorial of tlie Board of
liegelits, (see report for 1866(;, page 74,) autlhorized tlie Institution to deposit
with tlhe Secret:ar o,f tle 'Treasury, oi tlhe same terms as tlie originall bequest,
tle residuliar legacy of Smiitllison, together with other sulilis not exceCdillg, with
tile origilLnl, 81,000,000. Fronm part. of the p'roceedIs of tie sale of tlhe Ulited
States lland State st(oks rferred ,to tile siu of 8108,620 37, with tile residiarv
hlgacy, 826,210 63, making .8134,831, was deposited iln tletreasury of tlc
Ullite( Stateis; tulis Imakilng the total amoilit of thle Simit.hson f1u(ld perlpetually
ill the lUnited States treasury, bearing 6 per cent. interest, payable semili-alnnit-
ally, $650,000.

'The(('o1iimiissioner of Agricuilture continues to pay one-half of the salary of
tlie clerk employed to take chlalrge ol the melceorological statistics.

'lihe :l'I'hlopu'iatiotalnnllly II:Ide(by Conligress "lio' tle( care :Iand preselrvatiol
(f tie ( ol elections of the ex)loriig anld sll'veVying (eXliitio(ls of tle govern-

.enlt" has 1ceel (eXllded, as heretofore, ullle the direction( 1of tlie Secretary of
tile In]t erior, and as t le amount was i increased f'i' thle vear ending .July 1, 186D8,
from. 8.1.000 to 810,000, a part of this lhas been alppllited to tlte lreselrvation of
that part of ti lieuildliing dCevo(ted to t lie collections, and thler pullrpo:es.

Th'le State of Virginiia has lpai(i 1;iir per cent. interest on its stock, reserving
tw(o lper (cent. inl Ric(lhtimolll to be piail whlnever tlie conflicting claims betwvecu
tlie oldl State and thlie newCStalte , \\'est Virgilnia shouldlb settled. All the
interest ldul eo tile stock of' tile .State 1ul to the 1st (of Jainuary, 167, amiount-
illng to '819,260, Ihas been fundediby tlie issue off new b:olis beaurinlg ix pePtren(lt.
interest,.none of whichhlas, however, yet been paid. ''lthe total imiioulit of Vir-
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ginia stock lnow held by tli Institution is $72,760, which it is considered advis-
able. to retain for tlie present.
The c(iirent income of tlhe Institution is now deposited in tlie First National

Bank ofi Washliugton, tlhe payment of bills being by checks drawn by the Sec-
retary, inlccordlace withl the regulations prescribed 1by the Board at its last
allnnlual session.
The following may be considered an approximate estimate for the year 1868.

ISTIMATED IECEIPTS.

Interest on thce Smithson fund in tlhe treasury of the UnitedlStates,
viz: six per cent. on 8650,000, lpayabl) July 1, 1 86, and
January 1 1869 ..........................3............ $39,000 00

Probable premillmn il cin, say at3:3 per cent................ 13,000 00
Interest on Virgcini:la onds, viz.: .1 )er cent. on, 853,5000........ ,10 00

Balance on hand January 17 1868 ................... 11,4185 56

65,625 56

ArPPROPRIATIO.Ns.

For current operations of the Institution .$........ ............ 34,000 00
For building, (including outstanding debts,). ................... 0,00( 00
Estimated bIalalnce January 1, 1869 ........................ 11,625 56

65,625 56

In co:.clusion, tlio committee have the satisfaction of again calling attention
to tihe fact tlat all tlie expenditures fioml tile organization of tle establishmentt
to tlhe present time, including 8150,000 on the building, thle publication and
'!istribultion of 200,000 quarto and octavo volumes; thle collectioll ofi lilrary
Ao 60,000 works ; a Imuseuml containing 1,000,000 specimens; and the distrili-
tion to other institutions of 250,000 specimens, have lbeen made exclusively
from the income and its investments, andl t thattlc bulest lias beei increased
y) ani addition this year of 8108,620 37, making tlhe total capital invested in
United States and other securities; $;722,760.
Attention is called to ticeexpense of the National Museum, consisting of tile

collections of various government exl)loring expeditions. In addition to the
appl)ropriationi by Coniress for this object, from tlie income of the Institution
tlhe sum of '7,6;06 20 has been expended duriiig 1867.

T1'he committee have examined 680 vouchers, embracing several thousand
items, for payments during thle year for legitimate purposes of the Institution,
And find then correct andl conf;,rmcd to the rules aldoplted by the Regents on
tile 22d of February, 1867.

RICIJARD I)ELAFIELD.
RICHIARD WALLACH.
PETER PARKER.

WASHINGTON, April 14, 1868.



REPORT OF THE BUILDING COMMITTEE FOR 1867.

It was stated in tlhe report presented to the Board at its last session that it
was proposed, during tlio year 1 SG7, to roof tlhe ain building and( towers and
finish tlh interior o'f all tlio rooms, halls, staircases and main entrance, leaving
tle lIarge room of theuipper story, over tlhe museum, unfinislshd until funds
could b)e provided for thi pIrplose ain its future use 1)o determined.

In accordance with this )proposition tlhe itroi work of the roof over tleo museum
'was erected (early ill the sl)ring, and( covered with slate, fitstened to the iron
purlines with wire', and plastered( inside with wtall plaster. T'he iron gutters, as
well as tihe roof, were tf;)Iod perfectly secure from lleakago during the hardest
summer rains. TIheseverO test of' ice and snow during tile present winter has
shown the necessity f;1' adllitions in the arranments fi)r conducting tile water
from tle roof. Plans for this purpose eire ow under discussion with tile archi-
tect for persevering in tile original plan, or adopting some additional security
tlat tlih late severe season lhas indicated to b1e advisable.

Tlhe adaptation of new to ol(d wvork, in restoring the building from tlhe
(destrllcteive (elects of the fire, Jb sulbstittinttn incollmblstiblo materials fior wooden
plartitions, floors and roofs, h1as b1)een attendctld, as was foreseen, with imiuch labor
and ex)penlse, as vell as making additional means in(lispensabile for renderling
tile root'-surfaces,v.alleys, alln glitters \water-tight in winter, NAwhen covered wNith
sno\, and occasionally ice, as well as tllo summer rains. Like tile lplllic lbild-
ings generally in this city, (and wo may ysy elsewhere,) where battlllellits
extend above thlc eaves witli gutters behind them upon tile roof, or resting upon
the walls, much inconvenience, and at times (ldamin(r arises from leaks, tile
result of suich a system. It is experienced in the Smithsonian building in con-

sequence of tlhe stone battlements capping all its exterior walls. T'I' present
architect's original design, approved by the comnmittee, is set Itrth in his report
of tlh operations of' the year, annexed hereto. Neither tilc nor ttihe funds of tlhe
Institution would( permit Ilis carrying this part of his plan into operation ; andl
until it is lone, together witl some ladlitions that theli latelyincllemnt season hias
pointed out as advisable and necessary, the lmil(ling is not secure,Inor tho pro-
perty withili it, fronl (damnl)ess and moisture.
The introduction of tile proposed warming. apparatus for all time apartments

is thio next most essential particular to be undertaken, to bo commtnenced wihen-
ever tlh funds of tle Institution will justify.
The security of til several apartments 11and conltents are in a great measure

dependent lupo .sulch an ap)l)aratln s as a substitute for the stoves tellporarily in
use, and for whlich nlo permanent smloke-flues or other arrangemtcl, ts wiere pro-
vilded.

All the rooms in thle north tower, formniiig three suites of three in eacl, witli
two rooms on tlie eniiancie floor,orne fiio t1(e janitor nd:l tli otlher for a recep-
tion room for visitors, have been completed aitld areinow' usedI ' occul)ied as
ofiice;s for conditlcting tlhe operations oflthe Institution. 'The several apart-
mients in this north tower, above these offices, have also bleen completed. The
Iroos and al)artments in tlhe south tower have also been finishedutnd are now

occll)ied. '1The lower olne, or that ol tlhe first floor, -fo'rms a part t'f tlme general
museum and is now devoted to thle reception of tlie larger and most weighty
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lirtcles of ethnology, such as tlhe stone images from Central Ameriica and the
stone sarcoplhagus froll Syria.
The a)anrtilents onI tile next story have leen fitted up with shelves, bins, and

other fixtures for the transaction oL tie business of the literary and scientific
exchanges, packing anld distril)ting the Fame.

Thl apatimlenlts next above have )been tinisthed for tlic meetings and conven-
ience of tlhe Board of Regents; and those (on the three remaining floors ]l;ve
also 1eeni finished and appropriated to storage and such other purposes as may
,ccome necessary. In this tower are also lprovided ain elevator, with conven-
iiit mechanical power for removing books, specimens, etc., to rlnd from tlhe
lbascment and four stories above it; water-closets and other necessary Co()-
veliences, witli arrangements for the use of tile Potomac water for general lpr-
poses and( in large quantities in cease of fire.
To increase tih accommodation, two additional floors have )celn addled to the

original subdivision of tile stories of the north and south towers. To furnish
light to the new rooms in tlhe south tower, circular windows have been opened
tlirotgh tho walls, without interfering with the original architectural efifct of
the exterior, thus furnishing suflicienlt light for tile purpose ifr which these
apartments are intended.
The result of theo ear's labor has been to provide ample space aind., c(on-

venient accommodation to subserve all the wants of the Secretary of thli Ilsti-
ttition, to enable him to carry the views of Smithson into effect for the present
ni(dseveral years to come.
Thlo floor-surface in 57 apartments of the building, not including the Sccre-

tary's quarters, is 66,252 s(qare feet, or one and fifty-two liundredths of an acre,
a space, soffar as now (an lbe forlseen, abundl ntly sufficient fol tlie walts
tlec Institution, only requiring to lie adapted thlrefir, from time to time, in
details, furniture and special finish.

Tihe following is L (detailed ,tatement of the expenditures on tlie building
during tlle year 1867:

FOR tRECONSTIRCTION OF PARTS DI)STROYEDI B TIIE I:IRE.

Iron-work, beams, (doors, &c..-. ..............................
Iron-work, new roof ...................................

Stone-cutting and setting .................................
Brick ... ... .... .. ......................................

Bricklaying ............................................
Lullller ....... ..................................
Carpelntr ..............................................

J.lelvator ..... . ....... ......................................

.aborers ........... . ..... ... ........ ................

Salld .................... ....................
lacksmlliths . .. ..........................................

l hardware ...............................................
Rope ...................................................

Painting ................... ................... ....... ..

Frescoin ..............................................
il alnd metal work ......................................

S rating new roof..........................................
Plumbing ...............................................

Plastering ..............................................
Architect ................................................

8"2,

3,

4,
1,7,

1,

3,
3,
I,

791 67
591 50
35.1 05
1;6 87
L,77 53
000 00
:398 50
450 00
8--1 (0)
31 ,2
7 50

174 !90
8 25

927 00
7:30 (00
1 ;5 26
5341 9!)
000 0(o
2196 55

$2,00 (Joi

),2,000 (10
2,:315 7.5

43,9G6 0-1
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In addition to this sum tho following expenditures wero mado on
tlec parts of tho building not injured by thl fire, or for general
repairs:
Carpenters ...................................... $960 00
Plumbers and gas-fitters ............................ 132 95
Paints, oil, glass, and glazing....................... 510 68
Lumber ......................................... 335 73
Miscellaneous .................................... 198 55

2,137 91

Whole expenditure on building in 1867 ...................... 46,123 .j
Of this expledituro, $8,883 69 woro p)ai(l out of the aplpropriation by Cui-

gress for tho preservation of tho government collections.
RICIIAR DI)ELAFIELD,
RICHARD WALLACII,

Building Commitce.
WASHINGTON, April 14, 1868.
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WAsiIrNOTON, January 6, 1868.
Sins: I have thlo honor to report tho progress mado in the reconstruction of

the buildings during tho calendar year 1867.
The absolutely fire-proof roof of tho main building, consisting of a slate cover-

ing, plastered iusido aud fastened by wire to a well-l)raced wrought-iron frame,
has been firmly put in place. Many (lifficutiies had to bo overcome, since the out-
lines of thle building, more especially tlo shapo of gable walls and topping out of
sile walls, on wlicl that most important .feature of toe medieval roof, the sys-
tem of guttering, depends, were prearrlnged upoll theo ore pliable plan of a com-
bustible frame and wooden sheatllings. Iowovor, no pains were spared to
accommodate tih now conditions to tlo original architecture of tihe building.
The dliflerent hips and valleys were made seemoo and water-tight 'by wide strips
of sheet-copper and sheet-lead laid upon a solid foundation of shcet-iron of proper
width, fastened by wire to tleo rafters. Thle gutters consist of wrought-iron,
rolled into proper slape, and of a section vouched for by tle Phloiix Iron Comn-
pmny. The connections of the sections of gutters, lengthwise, have been made
so as to allow fior expansion, and thl connections of tlhe gutters, sidewise, with
tlhe slate roof are etle!cted by galvanized sheet-iron plates riveted to vertical
Ihmlla s on thel inner side of the guttor, and bent so as to follow up the pitch of the
roof, sustained by tlio lowest courses of iron plirlines for the slating. The mode
aloplted has effectively carried off the water of tlhe heaviest rain storms of tho slum-
iln'r, b),t, being of a novel design, hss not fully stood the test of an extraordinary
snow-storm followed by a rainfall which was freezing tas fast as it camo (down.
Thi.is action of the elements caused a thorough freezing up of tle northern gutters
ccalsed inside the battlements of the side wall, land with the colnsellqenllt effect of
the si up,,on tile upper part of the roof, the melted snow in its downward course
fiocedl its way underneath tleofrozen face and, fior want of an outlet, backedui
underneath the galvanized sheet-iron described al,ove. Plans liave been laid
lbeforo tlhe Ibuilldin comiliittco witl a view to remedy this defect as developed by
severe tests.
Tle ridge of tile roof, another important feature, has i)een effectively secured

l,;a layer of shjet-lead, capped by rolled iron, shaped to the anglo formed by
tli( ridge of roof and batted down to the roof frame.

in connection with tjo frame of tle roof, for considerations of solidity as well
.sI of economy, all the necessary anld somewhat complicated iron stays, links and
ljirlines have been inserted, formingi the outlines of ani appllrol)riate and well-
shal)ped ceiling in keeping witli tile features ot a tire-lproot 11all, 200 feet in
lenllgtirh I 50 feet ill width. Whilst the details of this ceiling are left anl open
q(lestion for tlhe decision (f tihe committee, its mllin features' consist of ai Iold1l
c,,vc,1 alld bracketLe cornice surmounted by broadly panelled friezes, tile inner
Imeiialers of whlicll are otrmled so as to sutilivild tlhe whole ceilingt into three
lpanels, (ach extenldinll through tlle whole width of tlhe building and worked out
again into more miulte details.

After tile roof was well scctred, tile tracery of theo double windows in tho side
walls was carefully taken out, the numerous weakened parts of the lcut stolne
work supplied 1by nIe material anll workmalnshil, alnd tile whole work reset,
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anchored and leaded, in the most substantial manner. Immediately following
this work tile frames and sash of these widows werewis were mad and inserted, strictly
in keeping with the general style of the building.
The ceiling of the museum in lower story benllg now icyond accident, it was

repaired, and received, within the side walls and intermiediate arching, a Ilain
frescoimig. The towers anld uildilings, no'th lla1 solith of1 theli main building, were

being roofed inl at tlhe close of' last years report. I n the early :part of the seasoI
the brick arches for their fire-proof floors were tin'ied, cocltreted, alld the fillrs
laid. During the sIunImer they have all beenII finisihel ready flor o(CCl)ancy.
Timh carriatgeway leading to the northern Ilmain entrance ihas been Ipaved, mainly
with flagging o hand, thie unsightly ceiling repaired and appropiately decorated,
tliche roof has bicen put in order and tlhe unistable bIattlements securely fastened.
The northern main entrance door leads to the vestibule, which hlas an orna-

mental tiled floor of alternate colors; is finiished octagonally, four sides being
occupied by iclires designed for receiving statuary; it Iras a mIarble cease, and is
finished in oak and frescoed il complementary colors.

Thle vestilmle is flanked to thle east by the janitor's room, which is floored with
German tile, and to tlio west by the reception room, whichll is finished in iniirta-
tion of waliinut and has a floor of entcaustic tiles. The. three stories above the
vestibuleatdl adjoining rooms are fitted up flor tiers of three communicating ofli-
ces, each tier formingta compartment, secured by fire-proof iron doors, consisting
of two layers of sheet-iron, with intermediate frame and air-space. Wooden
flooring on1 top of thle fire-proof arches hasas een preferred for police purposes.
Theo higher stories of the towers form rooms of a miiscellamieous character, are
app))roached by ironl stairs alid floored withli pressed 1briks oIIn tlie c( Iirete. The
martin stairs and stairway have been finished with tiled floors and landings,
plastered tand frescoed.

South of thle main building a hoist as been introduced, extellnding from tlhe
basement up to the fourth story. Private stairs cut to shape from old stone on

hand reach iup to the same height, and iron stairs, similar to those in north
towers, lead up) to the higher stories. The first s:ory contains vestilmbule and
general accoimmodatiolls. Thle second storyy conltaisi a prop)erly fitted-up pack-
iiig room andl th room. The third story colltilm thlie regents' room. The
fourth, fifth and sixti stories are finished for storerooms and miscellaneous pur-
poses.

AllI modern and useful imlprovements have ,been introduced in tihe restored and
newly fitted rooms. In the introduction of Po)tomae water provisions have been
made for fireplugs of sufficient size in tlie dil'erent stories, north anid Souillt (if
the Imain buildings, and tihe water cant bo shut oil' from any oneii section without
inlommolmoing tflh rest of thlie buildings. Thle same provisil is made for the
gaslight arrangements. Speaking tubes lead in all directions, tending to facili-
tate tlie transactions of business.
No 1,111)ds being at disposal to introduce a contemplated modern and improve,1

heating apparatus for ttie whole of the buildings, oie oit'tie functions of which
would have been to perfect the satisfactory working of the nIew gutters by means
of' exhlaust pipes at ILand arouln(1 the inlets to theo (down-spoutts, stoves wero set in
the fall of tle year which will heat the offices alnd other newly created rooms

for any length of time that may be found necessary.
T'lit roof amnd gutters of tlie east wing were found to be totally out of repair

and so arranged as to be difficult of remodelling. The slate roof had to) be
taken ui) a1nd relaid, the gutters were overhauled, renewed .ard soldered. Other
necessary repairs and alterationmis of a minor nature, demanded by the exigenicy
of tile case, were attended to.
The areas of caseiiate (doors aind windows around the main buildings were all

out of repair. Their capping were brokeimn and laid so low that the surface water
of tile sutrroun(lding grounds backed into tlhe basement. They were put in order
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and sufficiently heightened. Brick pavements were laid in different parts of tlio
lbsetlelit of tleo main building.

'The work has been faithfully dono by tlhe following mechaluics and artisans:
Prhick work, Wiso & Callahan; stono work, N. .Acker; carpenter's work, Bird
& Baker; iron work, Pho'l ix Iron Company and Gray & Noyes; tin and cop-
per work, W. I1. Ilarrover, II. Riclhey; plumini.ing, 'Ihos. Exvans; gas-fittiiig,
A. EI. lidgway ; plastering, Fenwick .& Stewart; painting andiglzing, M. T.
Parker & MIacNcichol; frescoing, E. Carstens.

I have tho honor to be, sirs, your most obedient servant,
ADOLPl'I CLUSS,

Superintending Architect.



JOURNAL OF P.RO'CEEDINGS
OF

THE BOARD OF REGENTS.

WASrNGT'ox,N JranuaryJ 15, 1868.
In accordalnco with a resolution of tlhe Board of Regents of tlhe Smithsonian

Institution, fbing tlie time of beginning of the annual session on the third Wed-
nesday of January in each year, a meeting was called for this (lay. Present,
Hon. J. V. ,L. Pruyn, General Richard D)elafield, Professor L. Agassiz, lon.
Peter Parker, and Professor tenry, the Secretary.
The Secretary presented the following joint resolution of the Senato and

Houso of Representatives of tho United States:

[PUnLIC RESOLUTION No. 5.]
A RESOLUTION for tho appointment of Regents of tio Smithsonian Institution.

Resolved by the Senate and Iouse of Representatives of the United States of America in Con.
ress assembled, That the vacancies in the Board of Regents of the Smithsonian Institution

of the clUss "other than members of Congress " ho filled by tho appoiltuient of 'Theodore
D. Woolsey, of Connecticut, William I. Astor, of Now York, Johui Maclean, of Now Jcrsoy,
aDd Peter 1i'rker, of tlio city of Washington.
Approved, Jalualrry 11, 1868.

Tho Secretary stated that on tlhe 7th of January the Speaker of the Houso
of Representatives had appointed thte following Regents: lion. J. A.GA. rfield
of Ohio, lon.L. P.P.oland of Vermlont, and lion. J. V. L. Pruyn of New York.
No (quorumn being present, the Board, after exalmillingl the building and col-

lections, a ljoturned to meet on Wednesday evening, January 22, 1868, at 71
o'clock.

AVASHIrGTONx, Januwt'ry22, 1868.
A meeting of tlhe Board of Regents was held a.t 74 o'clo( 1k p. n. in tho Regent.s

room of the Sinithlsonlianl Institution. l'rescnt, lon.1. F.1. Wade, I1o. R.
Wallach, li on. L. 'TrI'nbull, lion. G. l)avis, lion. J. A. Gairfiel(, Hon. L. P.
Poland, lioni. J. V. L.lPruyn, Prof. L. Agassiz, Rev. Dr. John Maclealn, General
Richiard Dl)laieldl, lion. Peter 'arkder, Profe r Iery, the Secretary.

Mr. Wade was called to t11i chair. The minutes of tlie last meeting wero
readfand apl)roved.
The Secretary stated that a vacancy existed in tlhe Executive Conmllitteo, o1n

account of the death of Professor Bache.
On motion it was
Icsolrcd, That Hon. Peter Parker bo elected to fill the vacancy in the Execu-

tive Committee.
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The Secretary mnde a statement relative to the finances of th1 Institution, tlhu

sale of the State stocks, etc.
Gen. )elafield, on tile part of tlh Executive Coimmittee, presented the annual

account of receipts an( expenditures for 186 7, and stated tht ta detailed report
would lie submitted at a future meeting.
The Secretary presented a statement in egar toi d to internittiolal exchanges (of

literary, scientific and( government publications. lThe act of Congress, passed
at the last session, directing that 50 colieS of every government. pul,licatiol
shlttlld be given to the 8ilitlhsonmin Institution to be exchaInged for the publica-
tiios of foreign governments, had not beenl carried out, as tlhe pulii printer lid
not consider thttthe act referred to authorized tile printing (if extra copies of
thle works, and all tiho regular edition was already disposed of accordling to exitt-
iu. laws. F'rlther legislation wias therefore required.

Mr. 1'ruvy stated tlat tlh subject hadbeen referred to thle Lilbarly Committee
Tof Co(l,)grss, of whichlo was ai memlc(l and that he woulld (lo all in hlis power
to promote thi ob()ject desired.

Professor Agassiz, fiom tlh committee appointed at the meeting olf February 1,
18;7, presented i report, whlicl, oni motion of Mr. Wallach, was accepted.
After remarks y several Regents, oil motion of Mr. Poland,th( report was

laid ,io tlie tablo anEdmadetlh special oder for t Inext meeting.
IOn motion of' (enliral (larflold tile report \was ordered to b)e printed.

'lihe Board thou adjourned to meet, on Monday evening, January 27, 1868.

VWA SIIrINTOX, Januaryll 27, 1SG8.
A meeting of theo Board of Rlegents of the 111Smitl.(onilanl I nstition was lld

at 7 o'clock p1. m1., in tho Regents' roo(). Ircsem(t, Chierf JIIstice Chase, (tlhe
(Ihaii((llor,) IIon. B. . Wade,1 Ilo. WRichard Wallach, Iolou. .A.J. r.fiOeld
lini. L.. 1'. ].Pola'd)1]on. J. NV. L. P'ryl Profi;ssorm Agassiz, Ior. Poitor ParkIr,
1111and roff(sst)l I lnry, tlhe Secretary.

''lhe CliallI'clhor took tho cllair, and tile minutes of tho last meeting were read
:I.' t1 al)lp (l\'(o d.

'I'he Secretary pr(eseinted tlhe report for the yeal' 1867.
P'rotfessor Agassiz presented a printed alnl l'reised c'opy of the rellort of tlhe

s;pi'ci:l 'colllitteo(, tlh use of the new\ roon, nmade at thl ]:1a;t moletin, which
was re:d as follows:

rlep,.r f lietom ittiee alppoinfc(to consider wu'1ht ill be the bc.t i(se fori tc large
,nnM in the second story ( the1 main building of the S'mithsmnian hIstlitution.
'Th ilnfIjllence tim Smiitlhsloian Illntititiorll lits exe'(rcised firomi its origill 11poen

ti' ri'ogreiss of s;ci(ilco ill tie United States has l)etll O1miarke!d anilodIO deep,
th:at ill conlsiderillg a1n stop lcollfcted with thle orLganizationl (,o tile IHistitutionl
it is of tle lltillost illportance to kJeep iln vie its btering 111oll tihe ladvanlcemen(lt
of knowll(ldge generally. 'To those not familiar with the active opratiolis of
the Ilnstituitionl, the gr(rwilng recognlitioll of tile d(ifflrelnce between til illrelase
a:1d diln'isionl of knowledge\ and tell cnilseilpent establishment. by Congress of a

National Academy, mainly organized for the purpose of enlarging thle boundaries



110 PROCEEDINGS OF THE BOARD OF REGENTS.

of science among us, are in themselves sufficient evidence of its beneficent power.
The large and unique library lately transferred from tlhe Institution to the library
of Congress, and tbo extended intercourse between tile Institution and all tlio
learned )bodies scattered over tile globe, bear equally impressive testimony to tile
wide-spread action of tile Institution.

In attempting to determine tile most appropriate uso to wlich tlle large build.
ing of tile Smithsonian, iand especially tle large unapprolpriated hall in tlho second
story, may 1)o put, yomr' collmmtittee has been led to consider tihe probable course
tho Institution may fellow whenever its resources lbecoro consolidated and its
means, grrlually feed fiom their temporary application to subordinate lpulroses,
are exclursivcly devoteol t, tho special object pointed out in tile will of SlmitlhstI,
viz: " tlle increase and diffusion of knowledge among men." Thil policy which
has led to the transfer of the Smithsonian library to tlhat of Congress suggests
tho propriety of severing ulso tlhe musecrum from tihe Smithsonian Institutiim,
inasmuch as a m1usOum is no more contemplated by tile will of Smithson thl:ui a

library. q'lie accumnultiioi of books and specimens has been a natural coinse-

quenco of tilo organization of an institution exclusively devoted to tile fostering
of intellectual l)lrsuits. But in proportion as their number increased they claimed
a larger and larger part of :ho attention and means of tile Institution until it
became a matter of serious consideration hlow far tle possession of such objects
should )0o embraced( in its general plan and scope.
As far as tihe library is concerned the question has been settled. It hla; become

evident that, in consequence of tle judicious distriibting of its publlished contri-
butions and miw;cellancous works, the Smithlsonian has acquired tile most corn-

plito collection of learned transactions in existence; s) extensive, indeed,d that
its preservation anld natural extension would have encroached d upon tlhe spcificd
obligations of tilo Institution. T1'l disposition made of it leaves the students of
science in the. fullest enjo(iyment of this invaluable store of information, while it
relieves the Smithsonian of a serious burden. · Now your committee is satisfied
thattie museum of natural history, and tie other collections preserved in tle
Smnithsonian, st:llnd in precisely thie same relation to tlhe Institution as tlio library
did, aud that it may bo equally desirable to give them up, and with them tito
largest part if not tlio wholo of tile building, could this (e done without injury
to tioe collections aind to tlio catus: of natural history. However, it(doo not appear
advisable to adopt such a course immediately; but it seems wiso to keep it in
view as a

l pro)lability, doing neanwllhilo whatever is most likely to contribute to

tlhe advtmeement of science.
A few facts concerning tle operations of tile Institution shou11 d be borne in

mind in tills connection. In tlio same manner as tlhe Smithsoniain has distributed
its various publications broadcast among learned institutions and individual sci-

cntific men, and obtained in return the magnificent liblar'y abovo alluded to, it
ha.s also distributed an immense number of specimens, and fostered in this way
scientific research both at]hone and abroad. 1But for these latter contributions
scattered over teio wholo civilized world itlhas neither claimed nor received ado-

quato returns. All tile duplicates of these treasures obtained at home from the
various government exploring expeditions and surveys havo been given away with
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the understanding that tlhe time may come when the progress of science among
us would make it desiral)le that returns in kind shouldt1) expected.

Tlie Smitlisonian Institution has now been il operation for twenty years. In
acknowledllgent of its pliblislled Contributions to Knowledge it hlas received thle
splendlid library which now adorns the Congressional library. Is it not time that
tie rights accrueld in consequence of the distribution of specimens byv the Insti-
tation should b1) called in ; that this great outstanding debt, as it may well bo
called, should be collected before the recipients of theso manifold gifts have passed
away:,:nd tlle benefits stus conferred by thle llithsonian aro altogether forgot-
It'l; wlien the Institution mligh in iti ditdicult to obtain, without new oflerings,
tlhat which at this moment it 1may claim as its due ?
Should this Board alpprovo tile recommendation of this committee, no time

oughlt to lhe lost ill giving notice to all tho various institutions with which the
8inithlsonian is in regular correspondence, that this is henceforth to be the regu-
lar policy of tlo Institution. O)n tho other hand it is indispensable that we

slhllld make the necessary prel)arations for receiving these objects, and also
dletermilie beforehand the ultimate destination of tho extensive collections which
no doubt will flow in as soon as we aore prepared to take care of them Your

)miiiiiiitteo is of opinion thattle greateatll ill tho second story of the building
shlltml b)e u1sed for tho reception of these collections, and tile smaller rooms ill
the towers, as1fr as not needed for other purposes, as laboratories to identify,
arrange, classify, ind distribute these collections for the greatest advantage of
science:aongl us, until suitable arrangements can be made for tile organization
ofta great national uillseclin, to which the whole should inthel elnd 1o transferred.

It is self'-evident that tlh collections likely to como in will soon outgrow the
capacity of the Smithsonian Institution and its ability to take care of them, with-
ott applyling its incoeno to olbjects for which it was not intended. But tho difli-
ciilty of disposing of these scientific treasures is no sufficient ground why tlio
llSmithsonian should surrender its largo claims on other scientific institutions; for,
ill so doing, it would siimplyl deprive tlio country of scientific objects, which other
ii:;seins wouldbeo glad to receive should the Smlithsonianb1e obliged to give

tldiei up before tlhe country ldmanlds and organizes a great national museum in
Washlington.
To suimm up these remarks, your committee recommends-

.1st. That tlihe distribution of specimens carried on }bythe Smithsonian Insti-
tution 1)0 continued and oxtelnded, ut. that at thle samn time proper returns be
required whenever tle spulcimens are not given out in aid of original researches
or for educational purposes.

2(1. That the expenses for such operations be limuitcd to tile resources especi-
ally llppropriated for tlho purpose, and mot allowed to encroach upon the regular
active operationsot' the Institution.

3d. That tle great hall of tihe second story of tiho building, and such other
roi)omiIsas arelit req(lired for tie regular operations of tlio institution, be devoted
to thei)reservatio of the scientific collections.

All of which is respectfully submitted in behalf of tl1e committee.
L. AGASSIZ.
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On motion of Mr. Garfield, after relnarks by Messrs. Pruyn, Agassiz, Olhas,
Wade, Parker, Wallach, Garfield, and tllo Secretary, the recommendations of
the committee, after modification, were adopted unanimously, as follows:

1st. 'Thalt tle distribution of specimens carried, on by the Smitllsonian Insti-
tution be continued and extended, but that at the same time lprtpor returns for
tle past as well as for tlhe future be required, whenever the specimens arc not
given out in aid of original researches or for educational lurl)oses.

2d. That tlie expenses tfr such operations be limited to tle resources spe-
cially lappropriated by Congress for tlie purpose, and not allowed to encroach
upon the regular active operations of the Institutiion.

3d. 'lhat the great hall of tllo second story of the building, and such other
rooms as are not required ftr tile regularly operations of tle Institution, be
devoted to the preservation of the scientific collections.
On motion of Ir. Garfield, tlie following resolution was adopted:
iesolrcd, That a committee be anpplointed to report to tile Regents, at their

next meeting, wliat ailtount of appropriation shouldd be asked of Congress for
the care of tile museum and for littinlg up the great 1iall for tlhe safe-keeping
and exhibition of specimens.

Iessrs. WVade, Garfield, Pruyn, Poland, and tlh Secretary were appointed as

the committee.
Th ]3oard adjourned to meet at the call of tleo Secretary.

VWEnEsSDA¥v, 1April 15, 1868.
Present, Chief Justice Chase, (tlhe Clancellor,) Ilon. t. tWallach, General IR.

Delafield, lion1.Peter 1ar1ker, and PIrofessor Ilnry, the Secretary.
No (lioruim being present thle Board adjourned to meet on tle 22di instant at

7 )p.m.

AWEDsNESDA V', iApril 22, 1868.
A meeting of tle Board of RIegenCts was h1ld this day in the Reg1ents' ronm,

at 7 o'clock p. i. P.resent, Chief Justice Chase, (tihe Chancellori) 1o1l.
B. 1F. Wade,lIIo. Lyman Trumbull, lion. Garret Davis, lion. J. A. Garllchld,
Jion. J. .V l .Lel.Pruyn, Pc'Gene .Iclafcld lion. Peter Parlker, and professorr
1Ienry, time Secretary.

Th'le Chincellor took the chair, and the minutes of the last meeting wero
read and approved.

General Delafield presented thle report of the Executive Committee for tlie
year 18;7, which was read andapproved.

General D)elafield presentedl tihe report of tihe Building Committee for tli
year 1807, which was read and :approved.
The Secretary made a statement relative to the facilities afforded by various

steamship and railroad compaLnies in conlveyingl tile palcklags of thie Institution
free of freight.
On motion of 1tMr. Trumllull, tlhe following resolutions were adopted:
Whereas the Pacific Mail Steamship Compalnly, North German Lloyd, lam-

burg American Steamship Compilany, General Trans-Atlantic Steaniship Com-
pany, Inruman line of stteamners, Cunard lilo of steamers, Pacific Steam Naviga-
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inon Company, Panama Railroad Company, and California and Mexico Steam-
ship Company have generously aided in advancing tlhe objects of tile Smitlso-
iniai Institution and tlec promotion of science by tice facilities they have
afforded in the transportation of books, specimens, etc., free of charge: There-
fore,

Icsolrcd, That the thanks of the. Board of Regents of the Smithsonian Insti-
ttlion are hereby given to thel directors and officers of the anove-named compa-
nies for this liberal and enlightened action.

lesolrcd, That a copy of these resolutions be transmitted lby the Secretary
to each of the companies.
Professor Henry submitted a statement as to the proposed researches and

publications during the present year.
11on. Mr. Parker stated that the city councils hadn under consideration the

ceding of tlie canal, which bounds the Smithsonian grounds 'to tlhe north, to a

private company, and as tills might affect the interests of the Institution he
thought some action should bo taken in regar(l to it.

)j motion of General Garfield, it was
Resohlcd, That the LExecutive Committee be instructed to ascertain what;

measuresiare proposed to be taken by thle city authorities of Washington iln
regard to the canal, so far as concerns tlhe Smithsonian Institution.

T'lhe Chancellor called attention to the fact that a committee was appointed'
at tlhe last meeting to prepare estimates for the completion of tle largo hall
an(d tr obtaining an adequate appropriation from Congress for the care of the.
government collections, and expressed tile desire that this committee sIhoud1
act immediately in regard to the matter.

lThe Secretary, on behalf of the committee, stated that on consultation with tli
architect it was thought that $50,000 \Nwould be required for finishing the large-
room and supplying ittwith cases, and that at least $10,000 annually ought to be
appropriated for tile care of tile museum. Whereupon it was

lJesolcl, 'Tllhat memorial be presented to Congress asking appropriations in
accordance with the report of tlhe committee.

T'lie Secretary gave an account of tlie establishment of a scientific society in
Egypt publishing valuable transactions which had been received by the Insti-
tution.

T'lie Board then adjourned to meet on Friday, May 1, at 7 o'clock p. nm.

"FRIDAY, May 1, 18G8.
A meeting of tle Board of Regents was held tllis day at 7 o'clock 1). m.

Present, Chief Justice Clhase, (the Chancellor,) lion1 . B1 F. FWad,%Illo. LyNm-1ii
Trumbull, Ilon. L. P. Poland, IIon. J. V. L. Pruvim, lion. Richard Wailach,
General 1t. Delafield, lion. Peter Parker, Rev. 1)r. John Maclean, anid P:rofcs-
sor Ihenry', tle Secretary.

'1'Tle Chancellor took tlhe clhair, and the minutes of tlhe last meeting were
rea(ldntm approved.
General Delafield, from the Executive Committee, reported that lie had col-

lected a large amount of information in relation to tleo canal, (bounding the
Smithsonian grounds,) but was nut yet ready to mnake a report.

8s
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The Secretary read a copy of thel memorial which had been prepared ill
accordance with tho directions of the Board, signed by the Chancellor and Sec-
rctary, and presented to Congress,* as follows:

To the honorable the Senate and House of Itcpresentatives in Congress assembled:
In behalf of the Board of Regents of the Smithsonian Institution, the

undersigned beg leave respectfully to submit to vot1'r honiorablo blody tile fol-
lowing statement, and to solicit such action in regard to it as may be deemed
just and proper:

T'he act of Covgress organizing the Institution ordered the erection of a

building which should accommodate, on at liberal scale, besides a library and a

gallery of art, a museumll, consisting of all tleo specimens of natural history,
geology, and art, wlicl then belonged to tlho government, or which might there-
after come into its possession by exchange or otherwise. Although the majority
of the Regents did not consider tlhe maintenance of these objects to be in accord-
ance wit the0 intention of Smithson, as inferred from a strict interpretation of
the terms of his will, yet in obedience to tlhe commands of Congress they pro-
ceeded to erect a building of tlie necessary dimensions, and to take charge of
the government collections.
The erection and maintenance of so largo and expensive an edifice, involving

an outlay of 8450,000, and tlhe cargo of the government museum, have proved
.a grievous burden on tile Institution, increasing from year to year, which, had
:not its effects been counteracted by a judicious management of tile funds, woi1ld
have paralyzed( the legitimate operations of tile establishment, and frustrated
.tle evident intention of Smithson.

It is true that Congress, at the time tleo specimens were transferred to the
Institution, granted an appropriation of $4,000 for their care and preservation,
that being the equivalent of tlle estimated cost of theo maintenance of these
'collections in the Patent Office, where they had previously been exhibited.
.But this sum, from tihe rise in prices and tile expansion of tlh museum by the
specimens obtained from about fifty exploring expeditions ordered by Congress,
scarcely more than defrays, at the present time, one-third of tile annual expense.
In this estimate no account is taken of tlie rent of the part of tlh building
devoted to tle museum of tloe government, whlicl, at a moderate estimate,
would be $20,000 per anllmll.

Besides tim large expenditure wlich has already been made on the building,
at leIast $50,000 more will be required to finish tile large hall in tile second
story, necessary for tlhe full display of the specimens of tlie government. But
tlie Regents do not think it judicious further to embarTnass the active operations
fbr several years to come, by devotingg a largelart of tile income to tils(i)jcct,
.and have, therefore, concluded to allow this room to remain unfinished until
other means are provided for completing it.

It is not by its castellated building nor the exhibition of the museum of tho
government that tile Institution has achieved its present reputation, nor by tlio
*collection and display of material objects of any kind tlat it has vindicated the
intelligence and good faith of tlie government in tle administration of the
trust; it is by its explorations, its researches, its publications, its distribution of
specimens and its exchanges, constituting it an active, living organization, that
it has rendered itself favorably known il every part of the civilized worlt, has
.made contributions to almost every branch of science, and brought more tlian
ever before into intimate and friendly relations tile Old and tihe New Worlds.
A central museum for a complete representation oftile natural products of

America, with such foreign specimen s a may be required for comparison anll
.generalization, is of great importance, particularly as a means of developing

May l.-In the Ilouso of Represeutatives.--Rferred to the Committee on Appropriations
.and ordered to be printed.
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and illustrating our industrial resources, as well as of facilitating the study of
tile relations of our geology, mineralogy, flora and fauna, to those of the Old
World. But tile benefit of such anl establishment is principally confined to this
country, and does not partake of the cosmopolitan character of an institution
such as Smithson intended to found, and therefore ought not to be supported
from lis bequest.
Tlc Board of Regents are confident that upon a full consideration of the case,

your honorable body will grant an adequate support for the collections of the
government, and also an appropriation for finishing the repairs of the building,
and eventually, when the financial condition of the country will permit, for the
independent maintenance of a national museum.

It may not bo improper, in addition to what has been said, to recall the fact
that the Smithsonian Institution has transferred, without cost, to the library of
Congress, one of the most valuable and complete collections of the transactions
of scientific and learned societies and serial publications in existence, consisting
of at least 50,000 works, which, with the annual continuations of the same
series, must render Washington a centre of scientific knowledge, and tile libraryitself worthy of tile nation; and tilat it has also presented to tlhe government its
valuable collection of specimens of art, illustrating the history of engraving
from the earliest periods. It is prepared to render a similar service to a national
museum, by tile exchanges from foreign museums to which it has been a liberal
contributor, and which may bo obtained as soon as means are provided for their
transportation and accommodation.

It may also bo mentioned that the Institution has rendered important service
to tle government tlroughl tile scientific investigations it has made in connection
with tile operations of tile different departments, and it is not too much to saytliat, through the labors of its officers, it has been tile means of saving millions
of dollars to the national treasury.

In conclusion, your meriorialists beg leave to represent, on behalf of the
Board of Regents, that the usual annual appropriation of $4,000 is wholly
inadequate to tlhe cost of preparing, preserving, and exhibiting the specimens,the actual expenditure for that purpose in 1867 having been over $12,000 ; and
they take tle liberty of respectfully urging on your honorable body tile expe-dicIcy of increasing it to $10,000, and that a further sumi of $25,000 be appro-
printed at this session of Congress towards the completion of the hall requiredfor the government collections.
And your memorialists will ever pray, &c.

S. P. CHASE,
Chancellor Smithsonian Institution.

JOSEPH IENRY,
Secretary Smithssonian Institution.

On motion, the action of the Chancellor and Secretary il relation to the
memorial was approved.

Thle Secretary gave an account of the correspondence of theinstitution, and
as an illustration of its diversified character read the letters which had been
received that (lay.
On mlotion) of 3Ir. Maclean, tile anuiual report of the Secretary was accepted,

and the officers of tile Institution autihorized to transilit it to Congress.
A motion of Mr. Wallach, in behalf of tile Execlitivo Committee, to increase

the salary of tlhe Secretary, was referred ):ack to the same Committee, with
instructions to make A report oil tile whole subject of tile compensation of the
officers of the Institution at the next meeting.

Adjourned, to meet at the call of the Secretary.
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EXTRACTS FROM TIIE GENEIRAL CORRESPONDENCE STBMIT-
TED TO THIE 30OARD OF REGENTS.

Fronm the Ilecords of the Ametrican Academy of Arts and Sciences.

BOSTON, MASSACIIUSETTS, May 29, 1866.
Remarks were made by tlie president nld by the librarian on the aid ren-

dered by the Smithsonian Institution in effecting thle xclanges of the academy;
and, on motion of the librarian, it was voted: That the thanks of the academy
be presented to the Smithsonian Institution for the generous and efficient aid
which it las rendered through its system of foreign exchanges and distribution
of publications, by which the acadenly has greatly profited.

CIIAUNCEY WRIGIIT,
Recording Secrctary A merican Academy.

From George I. Knight.
CNCIxNNATI, OIIO, July 10, 1866.

Tho system of weights and measures being on the tapis, ought wo not to save
posterity a world of trouble by once for all dethroning ten as the metrical nllm-
ber in favor of eight-a number susceptible of indefinite bisection, itself a cublc,
(23,) and whose square is a cube, (43'?)
Two with its multiples is the natural division in measures; witness tie old dry

measure: 2 gills--one jack; 2 jackls=one pint; 2 pints=one qlart; 2 quarts=
one pottle; 2 pottles-=one gallon; 2 gallons=-one peck; 4 pecks-=oie bushel;
8 bushels=one-quarter; 4 quarters=-one caldron, &c.

Thle system would, of course, abolish tli two digits, 8 andl 9. Eight would
be represented by the sign 10, and nine by 11, while 8. X8.= 100. 1 aln not
unaware of the prodigious labor involved in such a chalnge-a labor too great
for an age whlicll expends more on litigation than on its wheat crop; but I never-
theless believe it will be undertaken by some future age at a far greater sacrifice.

From E. . Bolles, Secretary of the P'ortland Society of natural History.
PORTLAND, MAINE, Aitgust 24, 1866.

Tlte Portland Society of Natural History has always felt that tile Smithsoian
Institution was its best friend. Unnnmnbered instances of a generous regard,
risiln to munlificence in the tilllO ou1r loss and trial wise counsels never out
of place; wonderfulfacilities for scientific interchange most cheerfully granted,
all compel us to this belief; and it is in obedience to this conviction talit we lay
before you, at the earliest possil)le momllent, a statemlienlt of tlie l)resent (cllnitioi
of our society, which, in the terrible catlality well known throughout our hali1,
lhas bCee almost tlie greatest siflblerl of all.
The destructive fire of July 4thl consumed our buildling iand collections, (lav-

ing, from tile peculiar construction of the former, scarcely a vestige of tlhe-ilt'io,r
of the hall. We regret to say that this loss was entirely uIllncessary. lThe
structure was eminently fire-proof, separated by 20 feet on each side from tihe
Killings on tlle right aind left. A large wooden house onl the right lInd beel
entirely burned without danger to our property ; the library had been quietly and
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csfely removed ; in tlhe event of possible danger there seemed time enough toscur(l the cabinets, which were already so arranged as to be readily carried out,
when an ill-judged explosion of )powder in the building on the left blew out the
few windows in our premises, and drove the burning mass of splinters and boardslite over tlhe lower floor of our lecture-rlom, and left this, of course, in amoment,
only a sheet of flame. 'This llnexpecte(d blow, almost destroying several 1mem-
bers of the society, rendered all further efforts to save our property vain.
You will )o pleased to learn that all our books an lllmphlets, including our

own and the Smithsonian publications, were saved. I wis that I could sayV as
mntch for the collections, but, excepting about 100 species of shells, witl;drawn
fur a special purpose and not then returned, all was lost.
And now we beg to assure you that the society still lives. Not even this

second trial by fire shall destroy our existence and work. Although since that
right of disasters every one's heart and brain havelbeen overtaxed(, we lave not
lust a single meeting. One result you will see in the enclosed appeal, which
document we have circulated among such men of science as were catalogued in
t(le "Natnralist's Directory." We find ourselves almost penniless. Our city is
too well drained of itsresources to afford more than a few scanty crumbs of aid.
What response will be made to our petition we do not as yet know; certain it is
that if this machinery fails we shall trysome other. Outrfortune, by its verv
hardness, rouses and stimulates us. VWe are very anxious to havesonl buildingof our own, however hunlile, rather than multiply risks by sharing witl other
organizations the common shelter of one roof. We feel better to-day, because
no part of our loss is to bo charged upon our own want of forethought or imime-
diate care.
Our present location might again serve us were it not for public demands and

interference. The walls of our building are as good as when first built; but
the city, in making the street in front of us wider, cuts off about 20 feet of ourlbuilding, reducing thle dimensions of our land too much to leave the rest of use
to us. I need scarcely add that, under tile most favorable terms of sale, we
cannot close our business matters up to have more than $2,500 remain above our
mortgage deblt.
But we ought not to tax your patience further. We shall be most gratefulfor your sympathy, suggestions, aid. Situated as we are, there is notanother

institution of science thatlhas been forced to record Iwoslch terrible chapters of
misfoirtlu. But we mean, if Providence blesses our labors, to make it true that
no local society of natural history shall leave in years to come a better chapter
of hard-earned prosperity1and fame.
[No'TEl.-We are happy to statethat this society is againi nia flourishing con-

dition, and that permission has recently been given to it by the city government
to occupy, free ofcharge, rooms in timo new city hall building; also, that tlhe
Smlithsonian Institution hias presented it with another very complete set of its
(duplicate specimens of natural history.-J. II.]

From Josiah Goodwin, secretary a, ( editor of the Bath and Vest of EnglandSociety for Ilt EncouragementQY Agriculture, Arts, Mfanufactures, and C(m-

BATH, September 3, 1866.
O(n behalf of the president and council of the Bath and West of Englandsociety, I have thli honor to acknowledge tihe safe arrival of the several bookscJinierated intihe invoice numbered 804a, 1866, which I beg to enclose receipted;anid I have much pleasuro'in conveying to the honorable the officers and Regents
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of tohe Smithsonian Institution the assurance that tloe president and tho council
of the Bath and West of England society entertain not only a very high siensO
of thle valuable services conferred on tile scientific \worll Ly the labors and pllb-
lications of the Smithsonian Institution, l)ut they cannot too highly applaud tile
enlightened liberality which lhas actuated tlhe conductors of the Smithsonian
Institution in the establishment of such an admirable system of organization for
facilitatinig the mutual interchange of thle publications of the learned and other
societies il various parts of tlhe great continent of America and tlhe United King-
dorm of Great Britain and Ireland.

Acting in a reciprocal spirit, I have much pleasure in transmitting, through
your recognized agent, several volumes of the Bath and West of England society's
journals, in order to complete tlhe set in tlhe library of your Institution, more espe-
cially as the earlier voluLmes can now b1 obtained only very rarely, as tlhe society's
stock is entirely exhausted.

From Dr. Brchm, the director of the Zoological Gardens.

IIAMnulio, September 11, 1866.
I am in receipt of your letter dated the 2d of last month, in whlicli vo state

that a specimen of tile American great horned owl is oflered for tlio accep-
tance of tlio zoological society of this city, by the Smithsonian Institution;
and I have the satisfaction of stating that tile bird lhas arrived in good health
and condition, and tile society is very muchll obliged, and will do itself the pleans-
ure of returning tlle compliment if you will indicate in wlhat manner it can ,e
done.

If I might further intrude on tlhe kindness of tloe Institution, it would bo to
say that somne of your common finches (Fringillidw) would be very acceptable,
as the birds usually imported are ollysuch as, e. g: Cardinalis irginitanus, Spiza
cinis, Astragalinus tristus, and Gocoborus ludovicianus. But we get overdone
will tlheso birds of dealers, and which are popular witl private lpurcasers, w\\lo
do, not value tile less externally attractive and common birds whicl I an anx-

iolls to possess. Some of tile small owls I should also like to have from America,
together with any of your (lucks, (Anas,) excepting the "sumilnrer duck," which.
for tlhe same reason as I have above given in regard to other birds, aIre imported
into Europe in quantities.

It is remarkable that tlhe snowv goose," though abounding in tll United
States ill any number of thousands, is not in any European zoological garden.
Will you please to think of me witil special attention with regard to this bird I

From the Chicago Academy of Scienccs.
CHICAGo, February 11, 1867.

'rio undersigned, trustees of tlhe Chicago Academy of Sciences, desiring to

siglnalize ill a 1more specialimareinrl their sense of tile great ol)ligatiois tie Lacademy
is 11hund totlle Smithsonian I institution, have caused a list tob1e made of its recent
donations to their library anld museum, 1and take tlis Imethlod of exl)ressingt,
vou their sincere thanks, not only for these books and specimens, lbut in general
for the fosterinl care witlh which the Institution has treated, from its inception,
our attempt to establish a strictly scientific museum here in tile west.

Very respectfully, your obedient servants,
GEO. C. WALKER. II. G. LOOMIS.
W. E. I)OGGETT. E.W.V. LATCIFORD.
E. G. McCAGG. DANIEL TIOMPSON.
J. YOUNG SCAMMON.
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Report on an inmprored system of numeration, by TV. B. Taylor, Esq.
UNITED STATES PATENT OFFICE,

]Vaishington, Mlarch 22, 1867.
I havo examined the paper referred to, on the subject of an improved numiera-

tiot for arithmetical operations, and have, respectfully, to offer the following
remarks: 'The prol)osal is simply to interpolate six additional "(digits" (if the
term mIay be allowed) between tlhe nine andn the ten of our common arithmetical
scale, in every order or place of figures; in other words, to substitute alslildc-
lary flr' tilo received denary radix of numeration. This suggestion has bee)n
Imad(e, I believe, moro than oncO before. In 1859, Mr. J. W. Nystromn, of Phila-
delphii, published an essay on what ho called tlio tonal system, (ton being
the ialie hre assigned to tlhe snidlenary ten,) advocating tlhe adoption of the
n1mbler 16 as tlhe basis of a universal arithmetic andl metrology.
All who have given tlhe subject of weights and measures much consideration

will agree in tlhe proposition that a scheme of continual bisections and doulliiigs
\01wuldprove a great convenience in all tile operations of concrete arithmnetic, and
were it not for tile enormous labor of a reconstruction, andil the great time required
for its general introduction among civilized nations, some such reform might l)e
accepted as advantageous or desirable.
So early as tile beginning of tle last century, tlio illustrious Leiiitz elaborated

a scheme of binary arithmetic, (whose only characters were 1 and 0,) and pub-
lished a !reatise in its exposition and support. A paper of his upon tile subject
will b)e four 1 in thli MIemoirs of the Academi RIoyal d(s Sciences for tile year
1703, plage 86, in wlich lie says liehad himself employed this ratio of compliut;-
tion fr1mny 'years, and that1e regarded it as lal perfection do la science des
iiumbllres;" an opinion which, from such an authority, is entitled to very high
respect.

It may well 1)b questioned, however, whether the senidenary scale favored by
yurl correspondent would filfilthe true desidoratum-a minimum f'arithmetical
kibor. There are considerations tending to show that even ollr present deInary
ratio is too bigh for tile most complete and general facility. In balancing tle
two opposite condit ions o fconciseness of expression, and simplicityo0 conlstruc-
tioi, it m )Ist Ibe orne in mind that\while tilenmII ber ofIllaces relquiired to express
a given value is diminished, simply as tile lo/arithm of tile radix increases,
the mental labor required in using any scale is increased i n a considerably higher
ratio than tle arithmetical incremienit of tho radix; probably in a geormetrical
iprogression, or as some low power of thel)ase. I lami ilnclilledl to believe, there-
fore,thlit as betweentile b)ilnry and senidelnary systems, tile former is decidedly
to be preferred; that tile economy of places or of expression in tlhe latter would
Improve but a trivial compensation for its much larger range and variety ofsymbolss
and the far greater complexity of all the tables andl processes necessary in its
employment.
lorr all polpular lses, either tlio quarternary ootonary scale would p)robalnlly

lie found1iImuch m111ore convenient than either ofthese suggested extremCesi,and1
certainly much more available for tile distril)ution of weights and measures.

in 1719, Swedenlborglpubllishedl an Octollnry Colpl)litls, alld ai project of an
cetavadl system of weighltsr,Imeasuire,Tnd coins. It is said thllat Chall'loes XI, of
Sweden,lhad contemplated tlio experimental adoption of tile scheile not long
hefoire his (datih, in 1718.

It may not lie considered irrelevant to here briefly compare tlio four different
scales above mentioned with our established scale, ill point of expressiveness.
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Scale of comparison.

a .5 Expression for
S8cal. K .1 K'" the present

$e alo.~0. year.~Cz
Den ary 111...... . ...........I I .101.867
Send ary ..................................... I. 1.204 .743
Octonary ........................................ 03 :.513
Quarternary ................................... . 4 1 3
Binary ...... ...............................301 - 11.101. 001. ul

·I-- · --~ __ __ · _I

Or to compare thleIn in tlo expression of very largo values, as for example, of
such a sum as tlie numIber of grains of sand required to constitute a globe as
large as ouar earth, (which, assuming 10 millions of grains to the cubic inch,
woulldl not exceed G59 qiiintillioins, an expression requiring 33 places of figures,)
e should find that tlheseidenarry scale would require 28 figures, (a reduction

quite isignirficant,) the octonary would require 37 figures, (an excess equally
insignificant, will only hallf the number of digits, and probably not one-fiurti
the difficulty,) the Ituarternary 55 figures, and tlh binary 110 figures.

In conclusion, I would expresstlhe opinion that tlo arithmetical scalo suggested
by 'yoir correspondent does not promise a convenience which would justify tho
subversion of tlh existing system of enumeration in its favor.

From Count dte Lulkl, President of te St. Petersburg Academy of Sciences.

ST. PETE:IISIBUR, (tay 13, 1867.
Ilaving received, through the kind attention of his excellency General Clay,

tlie letter which you did Ime the lonor to address to mie under date of' thie 25th
of March last, frtom the city of Washingltoli, I lost no tiUime in colmmunlicating its

lrlpor't to the Illmperial Academy of Sciences. That body hlas accepted, with
the mllost lively acknowledgments, the offt'e which you make, in tle n1amn( of thli
Smlithsoni:a IInstitution, to e(rlich the museIums of the academy with the gift of
duplicates of the objects of nIatural history, collected in the Russian possessions
in America, as well asowf those which M. Iischotf shall have an opportunity of
collecting in Kamnttschatka and tlh province of tlh Amour.
At the same time I deemed it my dulty to address to General Korsakoif, gov-

ernor general of Silberia, a rel(lestltati1ewould have the goodness to give such
orders that M. Iischoll slhll flll, during tlle expedition which lie contemllaltes,
assistance and protection on tit{e parit of tIle local authorities. By an ollicial
deslatchl of tlhe 25th of AIril, M. Korsakol' ilnformls mo that liei1as written oll this
subject to the governors of' tlle provinces which M. liscllofl lias tlhe intention of
visiting., anld lias, at the same time, ( nveyed to me an open order (in the ItRssian
language) which it will lie proper that M. lBischof' shall carry with him and pro-
duce to tlie local authorities in case otf need, tllat lie may secmro their protection
and assistance, ble ealbled to l1p'm'(re from tle magazines of tlhe stato provisions
at the legal rates, land Ihe received Ion board tle vessels of the empire. Tllis (loc-
mnent 1 have the hoor oftlritsmillittinlg witl the present communication, and beg,
sir, that you will accept tie assurance of my most distinguished consideration.
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From H. Zisgenbals.
LEIPSIC, May 17, 1867.

Enclosed I send you the prospectus of tle Schlagintwait collection of ethlno.
gniphic heads of India and higher Asia, which, in view of tilo purpose now enter-
tincli of forming a comprehensive museum of such representations, cannot fail
to he of interest to the Smithsonian Institution.

Thie price of the collection is, as has been already stated, somewhat high, and
is estitllislhed at tlh following rates:

1. Single leads, according to the choice of the p)urchaser, for 11 thalers.
2. At least 25 heads taken at one time, at 9 thalers.
3. The complete collection, 275 heads and 37 impressions of hands and feet,

tnkeu at one time, 2,348 thalers.
In case of i; commission for tleo above urposo I would hold myself in readi-

ness to superintend the transmission in the best and most expeditious manner.

From WI. Alfrcd Iloyd.
HAMBURvn, Mlay 25, 1867.

The sparrows will )o sent in al)out two months from this date, when tlhe
young birds born this spring will bo strong enough for travelling. 'Ilhey are not
very easy to keep in captivity, and I must try to find out by previous observa-
tio what will )o theo best manner of forwarding them. You shall, of course,
have due notice and proper instructions, and I will place then in the carol of a

trustworthy person, to whoml a premium canl be offered, varying in amount
according to tho number delivered alive and in good health. This is thel)lan I
aIlol)t with regard tb the transport of living aquarium animals, and thank you
very much for kindly trying to send nme some. I mentioned sea anemones and
madrepores, they being easier to send alive than soein other animals, but I should
be glat to have any American invertebrata, particularly marine, as I try to make
the aquarium of our society a kind of museum of the lower aquatic forms of life.
I tlink I did send you a pamphlet containing a list of those I have alrelulyobtained, chiefly from En'gland andtlle north of Europe, and I am now desirous
to get tilings from places further afield. I believe manly of your marine crustacea
might eo forwarded with no very great amount of diflicllty, lbut tlhe only exam-
Ildes I have yet obtained are Cenobita Diogenes, from Cuba, and Limulrrluwy-
phemrs, from New York. I have still some of tile last named , but they are too
big for my accommodations, and I am anxious to see very young sp)eciulmes.-
say a coullle of inches ilng. Last week I almost got some crabis from the South
Sea islands. They appear to be situated somewhere about grapsus orgono0phe.T'ltes three forms of crustacea reached Europo alivo because of their habit of
liviiig much out of water, not usually immesecd( in fluid, blut only kept damp, so
thlt the fact or accidence of their own avoidance of being kept actually below
tile surfitce of the water caused thoir gills to be sufficiently aerated on tlhe voy-age, as it is evident that thin filns of water presented to tlh atmosphere are
moro quickly oxygenated anld acted upon than large masses, because of the pro-sentation of greater surfaces to tlhe action of' tll atmlosplhere, just tlhe samle colm-
paring together dissimilar processes that a lmp11) of sugar l)laced in water as a
solid lump, takes a much longer time to dissolve than if the same qn(Iitity wore
powdered, because when in tlio form of powder the water has an infinite number
of surfaces to act upon all at once. For this reason I keep all difficult marine
animals in shallow water. A cubic foot of fluid, arranged as a ctieo, pre-selts to the atmosphere a surface of 144 square ilncies, whereas, if the same cubic
foot ,be spread out so tile depth is bIut three inches, the surfaco presented is 576
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inches, and the amount of oxygen absorbed by the atmosphlero in contact with it
and tile health of the animals immersed in it (always supposing they have enough
space in which t v i acc ntoov) is co g tot arithmetical expression of the case.
Even deep-sea creatures obtained from thi greatest depths to which dredges and
sounding lines have ever penetrated try to get to the surface of the aquarium
they are Illaced in, to seok tho air which the enoniouls pressure gave tleml in the
waters they inhabited in nature, and appear to suffer no inconvenience 1) tlhe
removal of that pressure, their tissues being vascular an permneated by thewater
on all sides. I trouble you with these particulars as being useful hints in the
sending of any aquatic animals, as sailors and others are so apt to keep them in
deep water, i. e., deep water relatively to the surface exposed affordedl by the
vessel they are brought in. I have often thought that a largo tub containing
masses of rough cleaned sponge, (such as is used for stable purposes,) would
answer well in bringing over some crustacen, and perhaps sea anemones. Some
small holes should be bored in tlhe side of tho tub about three inches from the
bottoml, and then, if a quantity of sea-water were daily or oftener poured over
the sponge and animals, it woild find its way out at the holes and leave the
sponge saturated wii moisture. Each mass of sponge woull be a kind of lung
perforated with openings in all directions, and the fluidl contained in tile sponge
would thus have a very large surface exposure to the surrounding air, and tfo
crabs would climb upon and absorb it, while the three inches of water blow
would effectually prevent desiccation. Twenty or thirty small crabs so brought
to Europe in a til) of about four feet diameter, covered over tlle top with a net,
would be very nearly in tile condition, chemically speaking of, as many birds or
other luing-breathing creatures. T'lie sponge too woultl, I think, prevent injury
to the animals by tlie motion of tlie ship. VWe know far too little of tlh habits
of invertebrate aquatic forms of life from parts of thelworll distant from us, as
we have not given sufficient consideration to the proper means of transporting
them. What is wanted is not only water but air in the witCer, and if on board
ship the appliances are somewhat rude, so that the fluid cannot bo kept as pure
as it might be kept on ltlnd, then shallowness andl the presentation of great sutr-
fices of tluid to thle purifyinlg influence of the atmosphere are tile best means of
getting over tledifficulty. We ll:lll lb very thankful for the promised m)ocno-
poma.

From IV. Alfced Lloyd.
HlAMBUn O, July 13, 1867.

By tlhe steamer Borussia, leaving hero this evening, the "' Zoologische Gessell-
chlaft," of Iamiburg, sends for the acceptance of tlhe Smithsonian Institution nt
Washington a collection of llpwards of 300 living sparrows, in accordance with
ta wish expressed by' you, as lyou (esiro these birds to mulht!ply in yom11 country
that they may consume tihe insects that devour corn, vegetablles1,andl fruit grow-
ing in tile ground. Will you please report on their arrival and say how imany,
if lanl, re(chld you alive; then tils society will pay tile lan iln chllllgo ai1'op)r-
tionat prlemiuml for himself. Tle freight is'free between our two Institutions
by all tlie vessels of thle tlliamburg New York company. Please return the cages.
and, if you wish, we will send more in them, and continue to forward you squp-
plies till we succeed, if success be! possible. SH)Iparrows\ fiom ]England have leen
sent, after some trials, to Australia, and they are there thriving, I believe. If
anyl ill-luck should happen to the present consignm1enUt, please try\ to find out tile
Cause of it, in order that in renewiIng our attempt we m.lay learn from lexp(e'iiI'
of tile past. I have heard something of thle value of trans)portiig such biNds
to long distances confined in small cages, with two or three in each, but 1ii}
reason was given for it) and therefore I cannot see why such a system shouldle1
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right or wrong; hut if you find a good cause for it, let me know and I will
adopt tile plan, or any other.
You were, in your letter of April 24th last, so kind as to say 'yo0 would

endeavor to forward my wish in procuring from America some living marino
animals for our aquarium here, and I should1 be glad to know what success you
have yet met with. Some weeks ago I sent you a letter setting fortl att full
lengtJl mly views on the transport of non-lung-breathing animals, and I trust
that tlio explanations 1 ventured to trouble you with may be of some service in
getting over difficulties. Wo know very little of non-Eur-opean zoophytes in a
living state, and, as I may lhve told you, American sea anemones. have )beenl
lbrouight over only once, though such animals front Britain havo several times
been sent to your country and to Australia.

I lam cxceedlinly anxious to obtain some of your IIelian thoid polypes, yonr
'a anemones anld lmadrepores; and no matter how common they tmaytbo with

yolu, they are sure to be interesting andl valuable to e, unless is poitis ivelyknown beyond all dolubt that they are identical with European species, and
even thenthet very fact of the identity would be of interest. So please send me
awnf. Of course you have got GCosse's "Actinotoba Britamnica," 8vo, 1860.
It is tile text-book for British Actincas and Madrepores; and I am toldthatlRhodactinea is exactly tle same ias our Act. imeselmlry anthleone. r should
like to 1)rove this. I have also heard that our Actinotoba diantlhus is " very near
your MI. marginatuin," and this, too, I should like to clear up.

Arnclhnactis, tile only swimming anelmone known, is reported to b very abund-
ant with you; it finds a place in the lists of our British fauna, but I do not know
a11n one wholhas over seen it, and I fear it is too small and delicate, and too near
initexture and habit to the Acalaphw to be brought hero alive. Bisidiam and
Halelipan, too, are two of your ilinuto forms I should like to got.Our two commoneslt British corals, Cariyophlyllca and Balamnphyllla, are exceed-
ingly hardy in transport, and if your stony corals aro anything like ours tile send-
ing thiei over is a matter of no great ditficilty.
We have but ono really denotoid coral in Britain, Laphotelia prolifera, and

its corralllam even is velr rare indeed, land no British naturalist has over seen it
alive. Tropical (American and other) branching corals aro constantly beingiroulght to Europe by tons weight, but never onlc hlas a single living specimenbeen illported in good health. Lately I went to1much expense in trying to get
'sone f'ronl tile Navigators' islands, Ibut they all arrived without a particle of
fleshy matter on tlhelm. You may judge front tills what a great prize I should
deem anlAsltrangia colony hero iJn Iamburg, and this is fhindl in abundance,
I believe, in,lassachusetts bay. It is right to name tile namo of tle man wliofir tile first amn only timeo brought sea anemones from your country--Captain11. W. Wendt. Iinlmy blazing zeal I have lhad his photographic portrait framed;aiid, common sailorh.thlough hel looks, le is inm1y eyes it greater iman than all tlh
political fellows whlo go rat\ving up andl downi various countries. The species\ere Plt}lmlcis flori a and Plltmaclttis puia, froml I gua(ee, in Peru, and describedin Di)ana's great work in quarto and folio on Captain Wilkes's UnitedStates
e'xpluring expedition.

'I'hel'Eclinodermnata of any kinds, hard or soft, would, I fear, not trlavl, but
I Ileed not sayho1w much I should:value a living Echinarachinus, of whiichl oily,mie examplel tof' oIne species (EI. Placentat)hlas over been found ill Britain. Withl
youl it is very colmm11on.

Fishes from America are not tob1e hoped for, I iam afraid, though I have got
two allive, (Pimelodus calls and Leneiscus pygmaucs. ) Bu1 tsomie of tlhe crustacea
might, I imagine, be got over alive; for example, 1omar)iusAntricinus. And
judging froli it, I should imagine your edible crabs and your soldier crabs to be
diffelrent spccilically frolt oulrs.
But pray assist me in preventing tlh inmportation of Limulus polyphemus
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(horseshoe crab,) which come over hero in such numbers that lately I have with
them stocked all the marine aquaria of England and the continent of Europe,
and I do not know what to do with those I now have over. I do not like to
see the poor things dying by inches, and my mind revolts at plunging animals
full of life and health into spirits. It would be well if Limulas were less hardy.

From the Museum Qf Natural History of the National University of Greece.

ATHENS, August 12, 1867.
We have learned, through M. Rangabl, our envoy extraordinary and minister

plenipotentiary near the government of the Union, that the directorship of the
Institution of Smithson is desirous of entering into relations of exchange with
our museum of natural history, with a view to obtaining the natural productions
of Greece. We lose no time in expressing the pleasure which this information
has given us, and the gratification we shall experience in forming and maintain-
ing such relations, which cannot fail to be of great advantage to our own musumn,
inasmuch as our collections are at present but scantily provided witl objects
pertaining to the natural history of North America. As regards dupllicates of
the objects of our own country, we have in readiness for offering to the Institu-
tion: a series of fossil bones of different manmuifers (Ilippotherium grande;
RhiuocFero palrtygnathus; Sus crymanthius; several species of antelope, &c.,
&c.,) of the pleoceno formation of Pikenli, in Attica; a collection of imlpres-
sions of fossil plants of the eocene formation of Koumi, in Enbir; preparations
of several kinds of birds of Greece; eggs of different Greek birds; marine
shells, fresh-water and terrestrial.
We beg to be instructed as to what the Institution would desire, or rather

what it would prefer to receive in the first instance, in order that we may )o
able at once to make a first remittance. We should bo glad, at the same time,
to know by wlat channel, 1, what means, and to what address our remittances
must be forwarded. It woull( be esteemed a favor if the authorities of the Insti-
tution would inform us in a compendious note what objects it possesses in dupli-
cate andl at its disposal for exchange, so that we might indicate in turn our own
desiderata.
We have the honor of subscribing ourselves, with assurances of the most dis-

tinguished consideration,
TII. 1)g HELDREICtI,

Conservator of the Museum of Natural History,
IIEIIITZOPOULOS,

Epwor of the Zoological, Mineralogical, and Geological Collections
qf tlh Museum qf Natural History qf the University.

From Professor Laboulaye, of the Institute qf France.

I'AtS, September 4, 1867.
I have received, through M. Bossango, the case containing 174 volumes of

educational books, which you ladl tile goodness to send me. These books form
the admiration of all wlih take an interest in education, and I hope that Pranco
will profit by tills example. We lave excellent things at homen by which you
in turn might profit; but we have seen nothing comparable to your''leader,"
our "Oject Lssonyourb Le your "Graphics," and your "Geographical Series."
I send you a letter for each-of the editors who has been kind enough to make
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me a present; and I avail myself of this opportunity to say to you how much I
nam touched by the proof you have given me, on this occasion, of good will.
You have treated imo as a compatriot, and, sooth to say, there is no Frenchman
\lwho is more American than myself.

[lThe works referred to were presented by American publishers of school books
at the request of the Institution.--J. 1.]

From D. G. Lindhagcn, crpetual secretary qf tke Academy of Sciences qf
Stockholw .

STOCKHOLM, November 4, 1867.
I have had the pleasure of receiving, in behalf of the Academy of Scioelcs at

Stockholm, your letter of the 29th of Atay last, accompanying your remittance,through M. Fl.igel of Lcipzic, of a collection of very rare birds of the Arctic
regions of your continoint-a collection which your distinguished Institution has
had the goodness to present to our academy.

'lhe package arrived in the month of August, during my absence on certain
conmmiissions of the academy, and was transmitted to M. Sandevall, intendant of
the national museum of natural history, who presented it to the academy at its
first meeting il autumn, pronouncing its contents to possess great value for the
laUSCeuII.
Permit mni to convoy to you the thanks of the academy for this acceptabledonation.

From John Gould, esq.
LOONDON, November 25, 1867.

I beg to thank yon most sincerely for your kindness and liberality in sending
frlom time to time for my inspection, through Mr. Lawrence, of New York, speci-imens of hiumiing-birds belonging to tile Smithsonian Institution, which lhe has
designated as now species. Uy these acts of' colndescension you are greatly aid-
ing the cause of science, since it is only by1 tle actual comparison of such exam-
ples with the older known species of this extensive ftimily in thel collections of
this country that the fact of their being new can be satisfactorily determined.

From S. P. Mayberry.
CAPEl ELIZABETH, MAbNr, January 4, 1868.

I am very much pleased with tile selections in your reports, and hopo that
omec means may be taken for their more extended circulation. While at asinnmer

resort, Rye Beach, New lampshire, of somel celebrity, attention was called to
tile gradlll approach of tle soea lupon the land. Some 20 rods below high-waterimlark, a't an exceeding low tide, may bie seen the stumps of quite large trees
embedded in the sand, and i tom the general appearance one would suppose that
the trees had been felled from those stillilps. I made inquiry of the oldest
inhabitants if they htld any information relative to them; they ihad none; that,in their time and that of their fatherss', these had been noticed, seeming not nimch
further out to sea than at tile present time. There is no growth within 800 yards.The country around las been settled since 1623. About two miles from this
used to )0e a fine sand beach, which has disappeared. The inhabitants thought
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the constant play of the sea had worn it, hut from what I saw I rather inferred
that the gradual approach had not been noticed, and I believe at some other
points there is unmistakable evidence. If these facts are of any use to science,
they arc at your disposal.

[The facts presented in the above communication are very interesting, in con-
nection with similar observations at other points along our coast. They indicate
a movement in the strata of the earth.-J. II.]

From Lacien Pratt, professor of physics and chemistry, University of San Josd,
Costa iRica.

SAN JOSE DE COSTA RICA, February 8, 1868.
We have received through M. tile minister of public instruction a magnificent

collection of the scientific memoirs of the Smitlsonian Institution,)which will
form the most precious part of the library of our university. I am authorized to
keep it in the laboratory, and I can assure you that, as far as we are concerned,
the object of the publication will be fully attained. It will essentially serve to
augment our stores of knowledge, especially in meteorology and geology. Tle
minister hlas, I believe, already written to the Smitlsonian Institution in the name
of the Costa Rican government. Permit me, sir, specially to offer you my own
acknowledgments and to say how greatly I felicitate myself at seeing our labor-
atory placed in the relationship of exchange with one of the first scientific bodies
of the world. Regarding neither the paucity of tile present population of tho
country, nor tile necessarily embryonic state of the University of San Jos6, you
have looked only at our disposition to labor, to take part in the scientific move-
ment of tile great nations, and ybu lave treated us with a liberality for which I
know not how to express my gratitude.

I was about to solicit an order to send you a collection of the ores of the
country and of the most characteristic rocks among those whicl I have tllllus far
been able to collect, when this very order was issued to me. I have, therefore,.
prepared two small cases, enclosing 39 select specimens of tile ores of gold and
silver of Costa Rica, as well as of some eruptive rocks and principal limestones
known in the country.* These two cases I propose to despatch by tlhe mail of
day after to-morrow.
The specimens of ores of gold and silver are accompanied only by a designation

of the locality; by tlhe next post I shall have thle honor of addressing you a

copy of an official table drawn up by one of tlhe judges of mines, in which you
will find all the indications relative to tle value of tlhe ores. I send no table of
analysis, because this analysis would apply only to isolated specimens or at most
to an average of specimens, and would never have the practical signification of
tile results obtained by the exploitation. Neither have I sent any specimen of
the enveloping stratum, because tlhe specimens which I have at tloe university
have been taken rather too near the surface, and it is impossible to recognize in
the decomposed rock any mineralogical character which would authorize a deter-
mination respecting the formation itself. It slhoild be added that I have not yet
been able to proceed to a study of tlhe conditions of tlhe bearings on the spot.
As iioo0 as I shall have found time to make a geological reconnaissance of tho
rincipall Costa Rican mines, I will send you a statement of my observations,

and will submit to you at the same time specimens of the rocks in support of my
determinations. It would be very interesting to see whether tlhe law of Hum-
boldt applies to Central America, and whether it be really necessary always to

* These specimens have been received at the Institution.
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seek the precious metals at the point of contact of the porphyry and trachyta.
I (lo rnot doubt this law as far as the great formation of South America is con-
cerned, but it appears to nme that here and in all South America the upheavals
have taken place at several intervals and relatively on a small scale, so that all
is confounded.
You will excuse, I trust, sir, tle meagreness of our remittance, in considera-

tion that it is barely two years since the university has possessed a laboratory.
The work of organization, indeed, is not yet fully completed. I have no pre-
parator, and the most advanced of my pupils haveo had less than two years'tuition. I have a number of schemes in view which can only be realized by
degrees. In all that relates to a serious study of tle country, it was impossible
to commence anything before providing assistants, without whom an isolated
explorer, however earnest his purpose, would finH -himself reduced to two hands
and 12 hours' labor per diem. Tile government, by which tile laboratory hlas
been established, has always protected us with a liberality sufficiently indicative
of its enlightened views, and I hope that ero long myself and my disciples will
ho enabled to give far other proofs of our existence than a scanty remittance
of some 39 specimens.

It is possible that we shall remain for some timo among the poorer correspond-
ents of the Smithsonian Institution, but have tihe goodness to believe that we
sliall be among the most zealous, and of the number of thoso always most readyto contribute, according to our resources, to the noble objects which the Institu-
tion holds up to view.



BIOGRAPIICAL NOTICE OF CIARLES COFFIN JEWETT,
(FORNMRLY ASSISTANT SECRETARY OF THIE SMITHSONIAN INSTITUTION, IN CHAROE OF THE LIBRART.)

BY REUBEN A. GUILD, OF BROWN UNIVERSITY.*

Again we are called upon to mourn the loss of a distinguished man, whom
death has suddenly removed from earth in the prime of life and in the midst of
his accustomed duties. We refer to Professor Charles 0. Jewett, superinten-
dent of the Public LibraTr in ]Boston, who died at his residence, in Braintree,
yesterday morning, at half-past 1 o'clock, after a brief illness of ten hours. On
Wednesday, we are informed, lie was at his post in tlie library, attending to his
work as usual, until 3 o'clock in tile afternoon, when lie was seized with a sensa-
tion of numbness in 0one hand, which proved to be paralysis. I-e remained con-
scious for a time, and after having had medical attendance, requested to be carried
to his home. On the way he became insensible, and thus hie continued until his
death.

Mir. Jewett was born in Lebanon, Maine, on the 12th of August, 1816. His
father, the Rev. Paul Jewett, was a Congregationalist clergyman of Salem,
Massachusetts, who graduated at Brown University in 1802, in the same class
with tile late lion. lienry Wheaton, LL. D., author of " Elements of Interna-
tional Law." I1e was a tutor in this institution from 1806 to 1809, and was
afterwards offered a professorship, which lie declined, preferring the labors and
responsibilities of tile Christian ministry to those of any other calling or profes-
sion. I-e was a man of talents, of accurate learning, of cultivated taste, and of
very retiring habits. In tile education of his children lie took unwearied pfiins
His eldest son was, until recently, a well-known and enterprising publisher and
bookseller in Boston; the second is the one whose loss we to-day deplore, and a

third was for several years it professor in Amherst College.
Mr. Jewett passed his early life ill Salem, graduating at the Latin School in

that place. lie entered Dartinouth College in 1831, blut transferred his conncol
tion, in his soplionlllr year, to Brown Universitry,where lie graduated in tlio
famous class of 1835. lie spent two years or more in teaching at tile Ul':-Jgo
Academy, andt subsequently studied at the Theological Seminary in Andover.
Here ihe devoted himself chiefly to Philology, and especially to the oriental lan-
guages and eastern antiquities, in which departments of knowledge lie attained
great proficiency. Indeed, according to the testimonies of tlio late Professors
Stuart and Edwards, few students, if any, had in these departments excelled hiim.
His commnncemenlt address at Andover attracted universal attention, and was

greatly aldmiired on account of' the elegant style in which it was written, and the
thorough acquaintance with oriental subjects which it evinced on the Iart of the
alutlor.
During his residence at. Andover, Mr. Jewett was for a year alld upwards the

librarian of the seminary, and lie assisted Mr. Taylor in tlie preparation of a
catalogue of the books. At this time lie 1was intending to spend several yeaTs,
and perhaps his life, in tile East as a miissionary, stand lie had, accordingly~, :t the
close of his theological course, marked out for himself an extensive courts of
study and reselarel. Ilihadl been oflcred facilities for lle accomlllishment of ilia
wishes suchals:few scholars, in this coiintry at least, had ever enjoyed. Whlen
ready to emillrk, so slight a circumlstaice as tile Ilisdirecting of a letter' to infiori
limi when tile.vessel ill which lie had takell passage was to sail, changed his

*From the Providtnce Evening l'rc:-s, Friday, January 10, 1i68.
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\whole course of life. The vessel sailed without him, and lie took charge for a
vear of "Day's Academy," so-called, in Wrentham, Massachusetts. Iere we
first made his acquaintance as it pupil, and we shall never forget his genial man-
ners towards all, and his cordial affection for those especially whom lie instructed.
In 18l1 he was appointed librarian of Brown University, and lie entered upon
his duties in thle month of October. IHe at once set himself to tlhe task of rear-
ranging tle looks, then numbering about ten thousand volumes, and of preparing
an ctalogue of tlie same. For this kind of work lie had an uncommon aptitude.
Tlhe catalogue was Iublisled in 1843, anld attracted much attention beiln favora-
bly noticed in the North American Review, and in other periodicals. Especial
care was now given to this department of the University, and a new era in its
history was inaugurated.
Soon after the publication of the catalogue, Mr. Jewett was elected professor

of modern languages and literature in the university. Iie immediately embarked
for Europe, where lie spent two years and a half, principally in France, Germany,
and Italy, devoting himself to the acquisition of tlhe languages of tleso countries,
anl making himself familiar with all tile principal libraries. During, his resi-
dence abroad, Professor Jewett made valuable purchases of English andn classical
books, under thle direction of the library committee. Ile was also intrusted with
large commissions by a gentleman of the corporation, for tlhe purchase of stand-
ard books in tlie three principal modern languages of IEurope. These purchases,
amounting to seven thousand volumes and upwards, were made with singularskill and fidelity; and the accessions thus secured now constitute tlie choicest
treasures of the library.
Upon his return from Europe, Professor Jewett devoted himself to his collegeduties as teacher and librarian, until Marclh 1848, when lle resigned htis position

at Brown to accept the place of assistant secretary and librarian of tle Smith-
soniia Institution at Washington. fie entere(l upo1n his new duties with enthu-
siastic ardor,anld witl all the fondness and capacity for hard and persevering]labor for which lie had been pre-eminently distinguished. lle was doome(l, how-
ever, to disappointment in his efforts to build up a great national library, and thus
to carry out what lie understood to be the expressed wisltes of Congress in regard
to tlhe expenditure of tle Smitihsonian funds.* Tlie controversy between science
and literature, as represented by Professors Henry and Jwcettt, attracted great
attention at the time, and subjected the latter to trials whici fully entitled himi
to tlIe syIpiathy that literary men so cordially gave him. But of tlCe merits of
thii; controversy wo do not Ilntend here to speak. Although unable, as alreadystated, to carry out his plans, Professor Jewett did much to promote bibliographi-cal studies and tlle success of American libraries. His "Notices of Public
Libraries in the United States," which was printed in 1850, was widely circu-
lated and met witli very general flavor. 1e also perfected a system of cata-
loguilng, by stereotyping separately the title of each work in a library, tlius coCm-
blining economy with accuracy. This system, indorsed by E'dward Everett,Joseph G. Cogswell, Charles Folsom, Samuel F. Haven, Edward E,. Hale, and
George Livermore, was published under the auspices of the Smithsonian Institu-
tion, together witl rules and examples for tle proper cataloguing of books.
When it was decided to establish a great public library in 3Boston, Professor

Jewett, by common consent the ablest bibliograllher and most accomplished
liblarial in the country, was selected as tlhe one of all othel's to sulperintend its
afthits. Although offered in honorable position in our oldest university, and tell
plresi(lency o' a western college, lie cheerfully accel)ted tle palace urged upon him
lr tile trustees of tlle public library. Thie library building was dedicated with
aijlproplriate ceremonies on the Ist of January, 1858, and in October following the
'The wishes of Mr. Jewutt in regard to a library ut the seat of government worthy of the

nation, are now being realized by thle action of Congress, through the influunco of the Smith-souiau Institution, though not at the expense of its fuuds.--J H.
9 S
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first catalogue of books was published. For more than 10 years Mr. Jewett Ias
thus been identified with the best interests of learning in the metropolis of New
England. The catalogues which he has prepared, and the rules for the govern-
ment of the library whicl ho has suggested, have served as models for similar
libraries in all parts of the country. T'o his thorough and systematic knowledge,
and to the faithful performance of his duties, the citizens of Boston are largely
indebted for the rapid growth and complete success of what seems destined to
le the library of the land.
The early death of such a man must bo regarded as a pulllic loss. What

sliall we say, alas! for the loved wife and children who survive him, and for
those who enjoyed his friendship, and who knew him in tle most intimate rela-
tions of private life? For such, it is a consolation to know that his daily walk
and conversation was a beautiful illustration of the Christian's faitll; and that
the heavenly smile which rested upon his features in the calm repose of death
was but an index to the soul that had ceased to animate them forever. The loss
of such a man, viewed in its religious aspects, is indeed "( gain."



BIOGRAPIIICAL NOTICE OF WT,. IENRY IARVEY, OF DUBLIN.

BY PaRPESson AsA GRAY, OF HIARYARD COI,LLFGE.

['llis biography is republished from tho American Journal of Science and
Arts ns a tribute to the memory of a most valued collaborator of the Smithsonian
Iiistitution-l-J. I.]
William Ilenry Harvey, whose lamented death was announced in tlhe last

number of this journal, (p. 129,) was born at Summerville, near Limerick, Ire-
land, on the 5tli of February, 1811. His father, Joseph) M. lhllrvey, was a highly
respected merchant in tlat ci ty, and a memb)erl of tle Society of Frielnds. William
lHnry wasn, we believe, tll youngest of several children. IIe received a good
clucation at Ballitore school, an institution of tile Friends, and on leaving it was
ecngagc(l for a time in llis father's Ccoiuntig-rool,Otinlo hoo,(ever, all his sparetile to natural history, 'ais favorite pursuit even from boyhood. Hie mado con-
siilerable attainments in entomology and( conchology, and in botany le carlv
turledl lis attention to mosses anld allge. To the study of the latter, in which
lie became pro-eminent, he was attracted from tlle first by the opportunities which
he enjoyed on the productive western coast of Irelandl, tlhe family usually spen1d-ing a good part of the summer at the seaside, mostly pn the bold and picturesque
shore of Clare. As tlhe late Sir William Iooker's bent for botany was fixed by}lis accidental discovery of a rare moss, whicl lhe took to Sir J. E. Smith, so in
turn was Ia'rvey's, by Iris discovery of two new habitats of another rare moss,the Ilookerica Ilccteires, whichh led to a correspondence with Hooker, and to a
life-long mutual attachmncnt of these most excellent men. Encouraged by his
illustrious friend and patron, Harvey sought some position in whicl he might
devuolt limsolf to science; aind it would appear was selected by .Mr. Spring Rice
(tli late Lord Iontcagle) for the post of colonial treasurer at tho Cape of Good
Ilope; that by some aceidelnt the appointment was made out in the name of an
el(er brother, and an inlopportlun change of ministry frustrated all attempts at
rectification. There was no other way but for the brother to accept the under-
signtld al)pointmlent, and take tlh young botanist with him to the Cape as his
assistant. 'l'lis was done, and thle brothers sailed for that colony in tleo year1835. 3ult tlhe health of the elder brother suddenly and hopelessly failed within
a yewr, and lie died in 1836 on thle passage home. William. Harvey's appoint-iCent to succeed Iis brother had been sent to tile Cape while lie was oil his home-
ward voyage; he immediately returned to his post and fulfilled its duties for
three years, devoting h1is mornings to collecting andl his nights to botanical inves-
tigatiol , with such assiduity tlat his health also gave way, and lie was compelled
to return home in 1839. ihe summer of the next year found him rc-established
ai11 on his way to thl Cape for the third time. But ihe could not long Iedure
the sultry climate and tlhe intense application; witl broken health lie came back
in 1841 ind gave up tlle appointment.After t\o years of prostration and seclusion lie was well again; and in 1844,
on) tile deal of Dr. Coulter, hlo was appointed keeper of the herbarium of Trinity
(Collego, Dublin. T.ile most important portion of tle lherbarium then consisted
of the collections, yet unassorted, made by Coulter in northwestern Mexico and
Califrinia. HaIrvey generously added lis own large collections, for which lie
Wilts allowed fifty pounds a year ill addition to a slender salary, and lio proceededto build up thelherbarium into a first-class establishment. T'le professorship of
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botany in tile college, which was pretty well endowed, fell vacant about this
tilie, and the college authorities, wishing to elect Harvey to the chair and so to
cominelle tile two offices, conferred upon hliin the necessary degree of It. I). But
it was contendedthat an honorarydegree did not meet the requirements, and so
Dlr. Alllman, the present distinguished professor of natural history at LEdinburg,
carried the election.

Except for tile slenderness of his salary, Dr. Harvey was now well placed for
scientific work, the object to which lie wished to devote his life, and lie entered
uponl and pursued his (distinguished career henceforth with an entire and well-
directed energy that never flagged untl4 liewtas prostrated by mortal disease.

IIe iLad already published, at tile Cape in 1838, his Genera of South Afiican
Plants, hastily prepared, solely for local use, hlt no unworthy beginning of his
work in PI'lenogamrous Botany ; and in his favorite department of the science lie
had brought out in 1841 his Mlfanual qif BritishAAlga, whicli hle re-edited ill 1849.
HIe now commillenced the first of tlhe series of his greater works, illustrated by Iis
facile pencil-for lie drew admirably. Tlie first (monthly) part of his excellent
and bleautitfuil 1Phcologia Britannlica, a History!l o British Seaweeds, conlltainingi
colored figures of all tile species inhabiting the shores of the British islands,
appeLared in January, 1846, and tlleiundertaling was completed in 1851, in three
(or fiour) volumes, with 360 plates, all drawn on stone by his own land. A simi-
lar butt less extended work, the Nereis Australis, or Algq'of the Southern Ocean,
which was begun in 1847, was carried only to 50 plates of selected and beauti-
ful species.

In 1848, Dr. Harvey succeeded Dr. Litton as professor of botany in the Royal
I)ublin Society, to which belonged tlle botanic garden of Glasnevin ; tlis required
him to deliver short courses of lectures annually in )ublin or in some other Irish
town, tandl provided a welcome addition to his income.

In 1848, at tile request of his friend Van Voorst, tile publisher, lie wrote his
charming little volume, The Sea-Side Book, tle unsurlpassed model of tlhat class
of popular scientific books; it was published in 1849, and las passed( through
several editions. In July of that year, having arranged a visit to this country,
and having been invited to deliver a course of lectures before tile Lowell Insti-
tute, lie took steamer for Halifax and Boston, passed tilo summer and autumn in
exploring thle shores of tile northern States, and in the society of hlis friends and
relatives ; for tile late Mr. Jacob Harvey, still well and pleasantly remembered
ill New York, who married tle daughter of l)r. Ilosack, was his elder brother.
I ni lie autumn lie gave an admirable course of lectures upon Cryptogamic botany
lieore tile Lowell Institute in Boston, and afterwards a shorter course at tli
Smithsonian Institution at Washingtoni. IIo tlien travelled in tile southern
Atlantic States, continuing tile exploration of our Allyrd(own to Florida and tile
Keys; and ill May, 1850, lie returned to Ireland.*lUnder tlie wise and liberal
arrangements mnade by Irofessor Ienry in lehlalf of tile Smithsonian Institution,
litl with Ilis own largo collections auginented Iby the contributions which every
student or lover of Algc was glad to place in such worthy hands, Irofessor
Iarvey now prepared his Nereis Boreali-Americana, or Contributions to a lis-
torl!of' the Marine Alga, f North America. Tilhe work is n systematic account
of all tlhe known miarino Alg(e of North America, but witll figures only of tl
leadilln species. It was issued in three parts; the first part, tlle Melanospl ewC(P,
in 1I52), ;in tlie third volruioe of tile Smithsonian Contributions to Knowledge;
tle secollld, thllo hodos)pcrmeC, in tlle fifth volume; and tlle third, or Chloro-
spermewc, in the tenth volcue of tile series published in 1858; antld te three parts,
collected for separate issue, compose althick imperialquarto volume, of 550 pages
of lettcr-press and fifty plates. Tlle work remains the plrilcipal if not the only

*A notice of Dr. Harvey in the Athcllituim states, quite erroneously, that " he also at thui
time mado a tour around the shores of the Pacific, visiting Oregon snd California."
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guido to tile American student of Algr', and one of the most popular as well ns
useful of the very various contributions to knowledge which the well-manag(ed
bequest of Smithson has given to tile world.

Before the last part of the Nercis Borcali-Americana was published, Professor
Ilarvevy lad sought a wider field of scientific labor and observation. Obtaining
a long leave of absence, andl ome assistance froen) tlhe university in addition to
tihe continuance of Iis salary, lie left England in August, 1853, by thi0 overland
rotite for Auiistralia, stopping at Aden and Ceylon to collect; holie visited the east,
suiitli, and west coasts of Australia, as well as Tasmania. Taking advantage of
a missionary ship which was to cruise among thie South Sea islands, and which
offered himii unexpected facilities, lihe visited tlhe Fiji, Navigators', and Friendly
islands, touching also at New Zealand. IReturning to S'ydney lie sailed to Val-
pariiso, wlhicli lie realcled( much lprostrated through over-exertion in a warn cli-
nmate; and when recuperated lie returned home by way of the Isthmus, arriving
in October, 1856. T'le algological collections of these three laborious years, or1
tlhe Australianll portion of them, formned tlhe sihiject of Professor ]larvey's tlird
great illustrated work, and1 oneof ie most exquisite of the kind, thle Phi/colofiht
Attstralit, thie serial publication of which began in 1858, and was concluded
in 186:3, in five imperial octavo volumes, each of 60 colored plates. All bulit tilhe
last cetJtury of plates were puit uplon stone by tlie( author.
Upon l)r. hIarvey's return, in 1856, from his long expedition, lie found flio

Eclair of botatvny in thle University of,l)lblin vacatCed by tlie apl)ointnmelt of' Dr.
Allinan to that of natural history ill the lUniversity of Edinilrg, and lie was at
onlce preferred to thie position vhiicli lie hiad sought wheln younger and frever, and
whlicl lie now occupied till hiis deatli. Tli'( (exhI11usting (lllties of this chIlir', aI11
of tlhat which Ihe still field in thle ]oval tIubillin Society, unidiminishled by tlhe
transference to tlie governmentt Musetumn of I rish I ndust ry, did not pl)reveit 'ro-
feissor 11 arvey from entering within umlnabated ardor p11111 an ulndertaking of greater
manriitude than any preceding one. This was thlie 'lora C'apensis, a full sys-

tem.uitic .'ccorunt of all tlie plants of tie(! C'pe Colony and the adljnacent provilnces
of Calli'raria and Natal, in which lie was associated witli D)r. Sondemr, of llam-

iburg. Three thick octavo volumes of this work have appeared, thle last in
1865, including tlie Comlposifre. Along witl this )Dr. Iiarvey-learning for tlhe
pimiirI,,se anlot her form of lithlogra)phic dlrawing-- brouIght out, between tile years
185i) and 1864, two vol umneaj of'hi lsis , or Illustrationls If' the
,South Atfrirn 1,'lorta, comprising 200 plates of interesting plhienogaulllus plants.
A complete list of his publications would im-lwude several contributions to scientific
jriuiicals, mainly to Hooker's Journal of Botany, and a few miscellaneous
writings.

In April, 1861, 1)r'. Iarvey married Miss Plielps of Limerick. If not robust,
he was apparently ill good heal tI, in thle full maturity of his powers, and, it wais
hoped, only at tIle noonday of his allotted course of usefulness. uitt ere the lec.
ture season (of that stimnimer was over, an atta('k of hme'morrhage from thle lungs
gavl( notice of a serious pulmonary disease. Yet lie seemed to recover from tiis
aiillost completely; lie resumed his stated work and gave his lectures as usual in
186:3, and also in thie spring of tit(he following year, but witli som(. (liffticlty. TIe
winter and spring of 1864-5 were spent in the soiuthtl of France, witli only tratn-
sieirt eI,.nelit. Retillrniing to Iiis homei and hIis lierbarium lie worked on still at
the C(ape ]Flora, with cheerful spirit and feeblle hands, until hie could work no
.longer. Last spring lie sought in Devonshire a milder air, and fond a peacefulrest. " On Tuesday, the 15th of May, 1866, at thle age of 55 years, lie quietlybrecathed his last at tlie residence of Lady Hooker, tlie widow of his long atttachled
friend Sir William J. Hooker, surrounded by kind and anxious relatives and
friends, and was buried in tlhe cemetery at Torquay, on Saturday the 19th of
May."
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Dr. Harvey was one of the few botanists of our day who excelled both in
phlenogamic and cryptogamie botany. In algology, his favorite branch, proba-
bly lie las left no superior; in systematic botany generally, lie had now an cmi.
nent position. He was a keen observer and a capital described. lHe investi-
gated accurately, worked readily and easily with microscope, pencil and pen,
wrote perspicuously, and, where the subject permitted, with captivating grace;
affording, in his lighter productions, mere glimpses of the warm and poetical
imagination, delicate humor, refined feeling, and sincere goodness which wero
charmingly revealed in intimate intercourse and correspondence, and whicl won
the admiration and the love of all wlo knew him well. Iandsomo in person,
gentle and fascinating in manners, genial and warm-hearted, but of very retir-
ing d:sposition, simple in his tastes and unaffectedly devout, it is not surprising
that lie attracted friends wrover lihe went, so that his death will be sensibly felt
on every continent and in the islands of the sOA.
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The object of this appendix is to illustrate the operations of the Tnstitution
by reports of lecturis and extracts from correspondence, as well as to furnish
information of a character suited especially to tho meteorological obsrvers and
other persons interested ia the promotion of knowledge.



MEMOIR OF LEGENDRE.

By M. LI ODF BnEA:t'.ONT,
Perpetual Secretary of the French Academy of Sciences.

TRANSIATED Fon TUl: 8MITlSONIlAN INSTITrUTION uY C. A, ALEXANDER.

IT nas been said that tho distinctive stamp of our age is thlo spiration after
nmaterital well-being. Science is accused of having fostered this instinct by tlio
11111tUmeroul usefull appllications witl wh'lich it has endowed lhumlita nity;andiis
trie thut in our day chemistry, steatit, electricity, have remodelled the face of
thel wor(l, It iH quite certain, also, that ai scientific edI(cation better understood
anl(d inore generally distributed lhas multiplied tlio tnumbiler of those who, without
having received from nature faculties of the first order, have yet proved capable
of deriving froin science great advantages as well fol others as themselves. Wo
may well suoppose that event minds still more developed, seduced by tie allure-
ments of fortune or yietling to stern necessity, have sometimes deviated from
tie arduous paths of pure science into tle more inviting paIths of applied science.
Baltt we haveTisen also, anld see daily, i(men of atmor robust temperamentit who,
listening only to the inspirations (if genius, devote their while existence to streln-
uous nlabors which, for the nomenlt, will contribute merely to tlhe increase of
science; of which future generations alone can make useful ililplicatioin; which
will not leo appreciated even in a mani er sonewhiat general iutil long after the
death of their authors; andl from which those authors will themselves have
derived no other enjoyment than the majestic andexcitiiing spectacle of great
truths covered as yet with an impenetrable veil to all eyes but their own,
together witl tlhe consciousness of a duty fulfilled towards Plrovidence, who las
iltr.sted to them tlie instruments of the fitture progress of the lilmn raco.

iAmonlg those who seet o havO beeni orn to Vindicate our1' ago from an
Ilujust reproach, and to exalt humanity il its own esteem, a higli rank musHt ,be
acc(,rlded to a geometer who occupied a place in this academy for nearly 50
yelrs, whlo has enriched our pul)licatioin with some of theirmimost valuable con-
tents, and bequeathllt, to future ages works of paramount importance( whose
merit is every dyamore generally recognized, and whose memory awaits by
just title an1 official ltestimonial of tie sympathetic admiration whicl has stur-
vived him in tile affectionatte remembrance of all his colleagues.

Adrien Marie Legendre was Iorin, September 18, 1752, in at condition of lifo
which left to him tlh credit of being indebted to his own merit for all that ho
mulight eventually become. lie finished in good season, ait tlhe college Mazarin,
tloseSo lid( classical studies fiomt which lhe derived a lating taste for the litera-
ture ol'-the ancients, tlue happy fruits of which are to 1e recognized in tihe ele-
gance, the l)piity, and thle lucid conciseness of his writings. JThiere also lie
co(mmenilced the study of niathematics under a highly distinguished master, tlhe
Ath!,ei Marie, who failed not to remark his ardor and watJ struck witl the per-
spicllity of his exercises. But a little time had elapsed after Ihis retirement from
college when tlhejudicioIu professor publishing, ini 1774, a treatise on mlechan-
ics, thought proper to embllody in it several remarkable fragments derived from
his disciple. Thec modesty of the scholar inclined him to shrink from designa-
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tion, but the labbe felt it to hle a duty to indicate to men of science tile passages
which hlad procce(de( from tlie pen of tile young Legendre, aged at that time
22 years.A' ong these passages is the definition of accelerative forces, dis-
tinguislled bly a precision and clearness of expression which seem sometimes to
be alongg tlie happy privileges of youth. This definition is so natural, and
now\ sofamiliar to scientific minds, that, when recalled, it is with difficulty con-
ceived how it coull ever have Ipreseted( anything of originality and novelty.
It is but just to say that it forms no exceptional feature in tlhe work of tle AbLb
Marlie, wlo, inl 1n'y resHpects, inailvalnc of his age, anld whoso merit wa.
not limited to that of having dlvined tlhe talents of Legendre.

D'Alenll ert hlad said, with just foresight, that the fato of tlie now calculus
(differential and integral) would depend(on tlie reception it imet witl from the
younger geonleters; these therefore lie sought to allure to the method in ques-
tion, and which was ats yet imperftctly coprelielnded, byl tile degree of esteem
and consideration which lie accorded to such among them as evinced a capacity
for following it. IIe was not likely long to overlook the penetrating and pre-
cocious talent which disclosed itself in tile young Legendro; and scarcely had
the first glimpses of genius given presage of what might lo expected from the
disciple of tile AbbId Marie, when lie was named professor of mathematics at tho
military school of Paris. Here, from 1775 'o 1780, lie continued to give les-
sons on tlio scientific grounds of tile military art to that ardent and intelligent
body of youths from which have sprung not a few of our warlike celebrities, and
whose number would have been more considerable, had not circumstances
forced a part of them into emigration. It may be inferred tlat tile instruction
given by tile young professor embraced tlh first elements of balistics, the art,
namely, of throwing projectiles, and that ho studied tile learned treatises which
Bezout, Borda, and other eminent men had published on these difficult problems;
for when the Royal Academy of Sciences and Belles-lettres of Prussia proposed,
for the prize of 1782, those question of determining the curve described by balls and
shells, regard being had to the resistance of the air, and giving the rules Jbr ascer-
taining the range which corresponds todi(tlrent initial velocities and to different
angles of projection, M. Legendre was (quite in readiness to enter into tlie compe-
tition. His memoir, prepared on this occasion, was crowned with success in the
public meeting of June 6, 1782, and was published at Berlin under tile title
of liechcrchcs sur la trajectoire d(ls prqjectiles dans Ics milieux rcsistants,*

Newton, it is stated in this memoir, was tile first who made researches respect-
ing trajectories in resisting mediums. lie particularly considers that which takes
place on the hypothesis of a resistance plroportionall to tihe simple velocity; but
lie gives merely approximations, and those but roughly ones, for tlie trajectory
which results when the resistance is proportilonal to tile square of tle velocity.
Thlle honor of tile discovery is tduie to Jean Bernoulli,whlto publislhdl a general
solution of the problem, supposing tile resistance to be as any power whatever
of tlio velocity. Long after, Euler discussed the same question in tile Memoirs
of tile Academy of Berlin for tloe year 1753. IIis object was to apply the
theory to balistics, and for that lie proposes very ingenious leans. In tleo
memoirs of thle same Academly for the year 1765, and elsewhere, we find very
extended researclles by Lambert with tlhe samo object. Borda, in tle Memoirs
of the Academy of Sciences of I'aris for tlle year 1769, has treated this ques-
tion with his usual elegance and ingenuity. Conforimalnly witli th idea of
Newton, lie substitutes for thel true trajectory that which woul(l 1b described in
virtue of' a density but slightly variable, and lie obtains by this means an
approximation niuch superior to tlat of Newton. Lastly, Berout, in his Courso
of Artillery, published in 1772, made a more particular application of imlethods
of his own to tile trajectory of shells and bullets.

* This memoir bore for its motto: 2ulluntur in alum ut casu graviore ruant.
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M. Legendro propounds the equation of tile movement of tile projectile on tlh
suplposition that tile resistance of thel air is proportional to tile square of the velocity.
lie intcg rates thisllequation with elegance, tad tile reduction into series forms moro
especially tlhe remarkable part of tlle Imemoir. Although thie hypotheses which
he advances on tile variation of the density of tile air have been modified, his
calculations have remained the type of those that have been made more in
detail on the supposition of a resistance proportional to the square of tho velocity.
31. Franqais, professor at the schools of artillery, and General Didion have only
supplied improvements to his methodd* Bt this solution of tlhe balistic ques-
tion is simply a monument, so to speak, in tlhe history of tlhe science, since tlo
necessity hasbeen recognized of introducing, in the expression of the resistance
of the air, a term proportional to tlhe cube of tlhe velocity. It is not tile less cer-
tain, however, that ly his memoir Legendre, young as he yet was, has earned
for himself a distinguished place in the series of mathematicians to whom is d(uo
tlhe superiority of tlhe European artillery ; a series which commences with New-
toln, in wlichi . Poisson occupies an eminent rank, and wllicl is continued
with so mulhi clat by the learned officers to whom wo owe the artual precision
of ou!' artillery and the employment of rifled cannon,

But, however seductive this first success might appear, 1M. Legendre did not
continue to occupy himself witl tlhe application of science to military art, and wo
read at this early stage on the title page of the Dissertation on Balistics, printed
in 1782, tile announcement tlat it is "by A. .Legendre, late professor of
mathematics in tlhe military school at Paris. Tllo youthful veteran, to whom
perhaps the military discipline had never been particularly congenial, had decided
to reserve his whole time for telo study of departments of matmahem sat ics ic,
while not more difficult, pertain to an order of ideas generally considered as more
elevated.

Ile lhad been occupied for some time with researches on the mutual attractions
and forms of tlhe planetary spheroids, and read at the Academy of Sciences of
Paris, January 22, 1783, a memoir on the attraction of spheroids, for the exami-
nation of wliich, IMM. d'Alembert and do Laplace were named commissioners.
It was at this samo sitting, as wo learn from tho invaluable journals of tlh
Academy, that iMM. Daubenton and Bczout made a favorable report on a
memoir of the Abb6 Ifaiiy, relative to tlhe stricture of fluor spars; for it was tho
epoch when HM.IIaiy was submitting to tle Academy, in a series of memoirs, the
ideas wliclh have become the basis of crystallography.

ar. Legendre finished tle reading of his memoir in tlhe sitting of tlhe 19th of
February, and in that of the 15ith of Marcli, 311. d'Alembert, Bezout and do
Laplace read the following report:
Tho Academy having charged us with the examination of two memoirs of M. Legendre on

the attraction of spheroids, we proceed to render an account of them. Geometers well know
the admirable synthetic theory of MI. lMclaurin on the attractions of spheroids, of which all tlh
sections are elliptical, &c., &c. M. do Lagrange subsequently arrived at the same results
by analogy alone n tho Memoirs of Berlin for 1771, but all those researches suppose the
point attracted at the surface, or in the interior of the spheroids. *

I regret tlhe impossibility of reading tlhe wlolo of this report, written with
a masterly hand and inimitable clearness by M. do Laplace, Mwho had him-
self the year before communicated to tlhe Academy a learned theory of tho
attractions of spheroids and of tlhe figure of planets,t a circumstance which
renders still moro honorable, both for himself and Il. Legendre, the justice wlhicl
le so cheerfully and explicitly accords to his competitor, as yet almost unknown.
I will content myself with saying that after having analyzed tlio two memoirs of
XI. Legendre, wlho arrive at tlhe conclusion that, in order to determine the

* See Trait6 de balistique, by General Didion, second edition, revised and enlarged, 1800;
pp. 246-251.

t Midaoires de l'Acad6mie royalty des Sciences for the year 1782.
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attraction of a spheroid on any exterior point, it suffices to cause the surface of
another spheroid described from thlo same foci as thle first to pass by tlat point,
tlhe illustrious reporter closed his remarks as follows:
The theorem which forms the principal object of these two memoirs is highly interesting.

It is a new step taken in the theory of attractions of spheroids: the analysis is very able, is
presented moreover with much elegance and clearness, ard announces in its author distin-
guislhd talent. We think, therefore, that these memoirs merit the approbation of the Academy,
and should be printed in the Collection of foreign savants.
After the conclusions drawn in their report, which were adopted by tlhe Academy,

the commissioners further added:
Besides the two memoirs of which we have just rendered an account, M. Legendre has

presented to the Academy at different times memoirs on the resolution of intermediate equa-
tions of tie second degree, and on the properties of continual fractions; on several problems
ot probabilities; on the summation of continual fractions, and on the rotation of bodies,
which are not quickened by any accelerative force. All these memoirs have been esteemed
worthy of being printed'among those of foreign- savants. Finlialy, M. Legendre has borne
off the prize last proposed by the Academy of Berlin on balistics, or the movement of pro-
jectiles.

lllTus tile reporters made incidentally a complete statement of the academic
titles of IA. Legendre, nor was this done without intention, for there was an
election at hand in tleo class of mechanics. The journals inform us in effect
that, at tile following session of tlhe 19th Manrch, (thle Academy then met twice
a week,) MM. Coulomb, Boossut, Le Roy, and Coulsin also made. a report on two
memoirs of 3M. Perier; tlhe first containing a description of a steam-pump, which
the latter liad just constructed at Chliaillot to raise the waters of tihe Seine, upon
thle principles of r1MM. Watt and Bolton; and tile second in relation to another
pump, whlicl tile samen elinineer had erected at that pllac, after ideas of his own.
These works, witl wh\ichl every one is now familiar, appeared to the Parisian
population of tlat day a marvel of a wholly novel kind. T'lle learned reporters
concluded by saying:
We think that the two memoirs of which we render an account, in which the author

describes in a simple and lucid manner a steam mechanism of his own invention, as well as
that of MMI. Watt and Bolton, deserve the approbation of the Academy, and should be
included in the Collection of foreign savants.
At this sitting tile Academy likewise received a favorable report from MM.

Desmnarest, 'I'illet, Coulomb, and Monoe ona memoir of MI. Duhlamel, corre-
spondent of tlie Academy and inspector general of mines, relative to a new instru-
ment for determining the intersection of lodes. The journal goes on to intbrnn
us that at this same sitting tile members of the( class of mechanics presented
:MM. Legendre, 1Meflier, lrPerier, Duhtamel, and I)efer; that tile first voices were
for M. Legendre, and tile second for M. I'erier. It was tile manner of expressing
at that time tile votes of the Academy, which was composed of four kinds of
members: honoraries, of whom few were present at the sittings; pensionaries,
associates, and adjuncts, to whom were sometimes added supernumerary adjuncts.
Among the nanes of academicians who took part in the scrutiny of tle 19th of
Iarcnl, 1783, we remark those of IMM. Cassinide Thury, d'Alembert, Lavoisier,
Lalande, D)auenton, Borda, l3Bzout, tile Marquis Condorcot, Bailly, Rocihon,
Monlger, Berthollet, de Jussi(e, 'Tssier, andl several other celebrated savants, a

part of whom will be remembered by some who hear me, as having, at a later period,
occupied with themselves tile benches of tile Institute.

In the sitting of the 2d April, the 1)'rpc(tual secretary (Condorcet) read tho
following letter of Mi. Amelot, d(ated from Versailles, 30th March, 1783:

I have tile honor of informing you that the King has nominated M. Legendre to the placo
of adjunct o' the Academy of Sciences, vacant in tle class of mechanics by tihe nomination
of NM. de Laplaco to a place of associate, and that his Majesty has also thought proper to
name M. P'6rier to a place of supernumerary adjunct in the same class.

I have supposed that, in reverting to tile first brilliant successes of M. Legendre,
it would perhaps be agreeable to my auditors to carry back their thoughts for a
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moment to the constitution and usages of tleo ancient Academy of Sciences of
Paris, fiom which our own differ ill some respects, though on many points they
]ave remained identically tile same.

I hasten to return to the labors of:f. Legendro, which followed one another
at short intervals. I-o read to thl Academy, July 4, 1784, liescrcthes on the
figure of planets, in which lho again dli:cusse(l in a felicitous manner a subject
treated by M. de Laplace. It had been ascertained by illustrious geometelrs
that when a planet, supposed to bo fluid andhomogeneous, revolves upon itself,
it arrives definitively at an ellipsoidal figure, slightly flattened at the two poles
of rotation, and that among the figures which may be attributed to thie meridian
curve, tlie ellipsis is one of thoso which satisfy the condition of equiliblriulm; but
nooiic1ad yet ldiscoveled that thle ellipsis is thle only curvo which can satisfy tlio
condition. MI. do Laplace, in his memoir of 1772, had said positively that lho
would not venture to assert that tils figure wasn thle only one which cold (1o so;
that it would be first necessary to]know in finite terms tlle complete integral of
the differential equation of tlhe problem, and that lie liad not yet been ablo to
obtain it. This 5[.Logendre accomplished by availing himself of tile ingenious
analysis of his memoir on tioe attraction of the sj)heroids, and le concludes that
if a planet in equilibrium be supposed to have the figure of a solid of revolution
little different from a sphere, and divided into two equal parts by its equator, tlhe
meridian of that planet will necessarily bo elliptical.t

Tihe proposition which forms tho object of this memoir," lie observes in a
note, " having been (emonstrated in a much more skilful and general manner in
amemoir which 5. do Laplac hals already published in tile volume of 1782,
(printed later than its date,) I should draw attention to tlieflct that tle (late of
my own memoir is earlier, and that tile proposition which appears here, as it was
read in June and July, 1784, gave occasion to 74. do Laplace to investigate the
subject thoroughly, and to present to geometers a complete theory thereof."
Other great geometers also have added their discoveries to those of5A .

Legendre,* but nothing has effaced tle merit of his two memoirs drawn up in
1782.

I

ence,[I. Poisson, in thl learnedanld eloquent discoirso wlihic lie pro-
nounced January 10, 1833, at tile grave of Legendre, took occasion to say:

There reduction intosoril of which he made iose in the first memoir, gure rise to theorems
which have been since ext.eded, but whicharo still the basis of the theory at which we have
subsequently arrived. In the second, Ie gave the only direct solution yet known of the
problem of the figure of a homogeneous planet, supposed to befilud, and soon afterwards he
extended his researches to the general case of a planet, composed of hetorogeneousstrnta.t

In thle course ofh is memoir, M. Legendre finds that tile terrestrial splheroid,which is in equilibrium when the axes are in the ratio of 230 to 231,lmay still be
so if tlhe axes be supposed in tlh ratio of 1 to 681,t whicli affilds quite a stlralngfigure, but one which recallstlhe ring of Saturn. IH adds that d'Alembert wts
tile first to remark that there might t beseveral\l elliptical spheroids whlichl would com-
port with equiilbrinum. We see by thosed(iflelrent examples what emutlation existedbetween those fine intellects, ('Alemll ert, Lagrange, Laplace,L egendre ; with
what rapidity their labors succeeded, while they mutually completed one another.
It may further be remarked thatr

. Legendre supposes only in animplicit man-
ner that tile spheroid is one of revolution. The equation foundlb him is that
of tile meridian curve, and his analysis is in no respect contradicted ,by the dis-
cover!y, as curious as it was unexpected, made in our time almost simultaneouslyby M. Liouville andJc. Jacobi, that tlhe planetary ellipsoidmany have its three
axes tiuneqal, aindthatthle equatorlmay' itself bl an ellipsis.

Since the death ofL. Legendro, the question of thu attraction of an ollipsoid'on an exter-
nal point has been complete ly resolved in an analytic manner by M. Poisson, (M.inoires dilI'Acad. des Sciences de I'Institute, t. xiii, p. 497, 18:5 ;) ard in ia synthetic manner by 1.
Chasles, ( inmoircs des savantsEtrangers dI'/cademie des Sciences, t. ix,ti69, Ir816.)t Discourse pronounced at the funeral of M.Legendre, Jauuary 10, 18i331, by M. Iouissou.
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M. Legendre subsequently resumed tlec questions treated in these first and
mcmoralile memoirs, particularly in 1790, in tlie sequel of his researchers on the
figure of the planets; in 1789, in a memoir on double integrals, in which ho
completes the analysis of his memoir on the attraction of spheroids; and still
later, in a memoir read to the Academy in 1812. After having pointed out, in
this last, tile improvements contributed to his preceding labors on thiso subject by
M. Biot, who lhad conceived the happy idea of applying thereto an integral given
bv M. (ld Lagrange for another object, M. Legendro avails himself of the sub-
stitultion discovered by rM. Ivory to present tie entire theory of the attraction
of homogeneous ellipsoids with all the simplicity of which it is susceptible.

But these important labors were fair from entirely absorbing M. Legendre's
attention, and the varied nature of tile memoirs which hle presented in great fre-
quency to the Academy, to a mere enumeration of which I must here confine
myself, evinced the extent of Ilis knowledge and the surprising fecundity of his
genius.

In 1785, lie read to tlei Academy a masterly memoir entitledresearches on
indeterminate almlysis, which includes numerous propositions on the theory of
numbers, and especially the celebrated theorem of reciprocity known under the
name of the law of LegcndCe.* In 1786, a memoir on the manner of distin-
guishing maxima from miinima in tlhe calculation of variations.t Also, two
memoirs on integration by arcs of tile ellipsis, and on tile comparison of theso
arcs,$ memoirs which contain the first rudiments of his theory of elliptical func-
tions. In 1787, a memoir on the integration of certain equations with partial
differences. By a single change of variables, lie arrives rigorously at the inte-
gral of an equation wllich Monge had only integrated by a process depending on
certain metaphysical principles about which there still existed some doubts. Bypro';ngt tltat thel integral was exact, M. Legendre contributed to corroborate the
reputation of tihe illustrious author of tho application of analysis to geometry,
whose name also is one of tloe characteristic glories of tle French mathematical
school. In this salme memoir he gives by his method the integrals of several
classes of equations with partial differences of superior orders; then, very hap-
pily extending an idea of Lagrangt for tile integration of non-linear equations
of tlhe firat order, lie distinguishes theinof integrabnilitywhlicli they
may present. Again, in 1790 he read a memoir op the particular integral of
difflrenctial equations, of wlich lie modestly says that tile principle and deimon-
stration are only consequences very easily to be deduced from tletheory which
M. do Lagrange had given in tle Memoirs of tile Academy of Berlin for 1774.
Ie establishes that particular integral are always comprised in a finite expres-
sion in wllicll te number of arbitrary constants is less than in the complete inte-
gral, thus preparing the way for the definitive labors which M. Poison has since
made public on this subject.

But at this epochl M. Legendro was already engaged in another series of
researches whicli occupied him at intervals for a great number of years, and in
wiicllh his !labors were fertile in important results.

In 1787, some doubts having been raised upon tio respective position of the
observatories of Paris and Greenwiclh, it was decided to connect the meridians
by a chain of triangles which should extend from one point to the other. The
Academy of Sciences confided to three of its members, MAI. Cassini, Mechain,
and Lcgendre, the execution of this operation, in concert with Major General Roy
and several other English savants. These important labors wero accordingly
performed with all tlio exactness which the state of science then permitted-by
tho help of an excellent quadrant prepared by the celebrated English artist
Ramsden, and tlei repeating circle constructed by Lcnoir upon the principles of

*Mm. del'Academie des Sciences, vol. for 1785.
tM m. de I'Academic dessciences, vol. for 1786, p. 7.
tfMm. del'Academic dAs Sciences, for 1786, pp. t6-6444.
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Borda. . . Legendre calculated all tlhe triangles situated in Franco, and after-
wards those also which extended in England as far as Greenwich. On this occa-
sion lie went to London, where hle was received with the distinction due to him,
and was named member of the Ioyval Society of London. lHe published at this
time in the Memoirs of the Academy for the year 1787 (printed in 1789) an
important paper entitled, llMemnoir on the trigonometrical operations rIf which the
results depend on the figure of the earth ;* of this lhe lias himself explained tho
object in terms which I take the liberty of abridging:
The only question here is that which regards operations exacting extreme pre-

cision, such as the measurement of thlo degrees of tlih meridian or of a parallel,
and the geographical determination of thle principal points of a large area from
the triangles wlicll connect them. Operations of this kind may le carried
henceforward to a great degree of precision by means of tle repeating circle.
In effect, the use which we have made of this instrument, in 1787, las convinced
us that it can give each angle of a triangle to al)out two seconds, or even more
exactly, if all circumstances are favorable. It is further necessary that tlh cal-
culations estal'lishled on such data should not be inferior to thl latter in exact-
ness; especially is it requisite to take account of the reduction to thel horizon,which amounts quite often to several seconds; and thence arise triangles of infi-
nitely small curvature, the calculation of which demands special rules; for, byconsidering them as rectilinear, we should neglect the small excess of the sumn
of the three angles over 180°, and by considering them as spherical, the sides
would be changed into very small arcs, the calculation of wlhichl 1) the common
tables would be1 neither exact nor commodious,

I have assembled in this memoir, continuesMl. Legendre, tl, necessary formu-
las, as well for the reduction and calculation of these sorts of triangles, as for
what relates to tle position of the different points of a chain of triangles on tll
surface of the spheroid. In thcso calculations, he adddds there are some elements
susceptible of a slight uncertainty. * * * * In order that
the calculation need )e made but once, and to judge by a glance of tle influence
of errors, I have supposed tlhe value of cach principal element to be augmentedby an indeterminate quantity which denotes tle correction of it. These literal
quantities, which are to bo regarded as very small, do not prevent the calculation
from being proceeded with 1 y logarithms in the usual manner.
This was an important addition to thl methods of calculation employed till

then, and still later lhe further added the method of least squares. lIe gives in
this memoir formulas for the reduction of an angle to the horizon, as also for
other determinations, and especially the important theorem known under the
name of the theorem of Lcgendre, through which the calculation of a sphericaltriangle of small extent is reduced to that of a rectilinear triangle, Iby subtract-
ing from each of tle three angles tilethird of the spherical excess of their sum,
that is to say tile inconsiderable quantity by which this exceeds 180° . . Lgen-
dre has subsequently demonstrated that tils fundamental theorem is applicablealso to spheroidal triangles, whether traced on an ellipsoid of revolution or even
on a sp)heroid slightly irregular.

Ile also occupies himself, in the samo memoir, with tlho value of thio degreesof the meridian initho elliptical spheroid, and with the determination of the
respective position of different places deduced from the nature of the shortest
line wlhicl can be traced on the surface of this spheroid from one extremity to
the other of the chain of triangles and from the intersections of that line witl
thi different sides of the triangles or with their prolongations. This line, whichiM. Legendre, at different times and always with success, made tho object of his
researches, bears tile name of the geodesic line; on tlhe regular ellipsoid it is of
double curvature, unless it coincides with a meridian. Finally, he occupies him-

*'Mtm. de l'Acaiderni des Scitaees, for 1787, (printed in 1789,) p. 352.
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self w'th the operations which have for their object the measurement of the
degrees of tile meridian, and concludes with some theoretical and practical reflect.
tions on the use of the repeating circle of Borda in the delicate operations which
relate to tlat object.

These reflections were judicious; but at tlh moment of recording them, M.
Legendre, struck with the progress which tle construction of instruments had
recently made, did not foresee tlloso improvements which it was even then on
the point of receiving. They were such that at the end of 30 years tile opera-
tions of 1787 were found to be inferior in the measurement of angles and basa,
thle observation of night-simgals, &c., to tlose generally executed in this way.
IIence it resulted that the geodesic connection of Dunkirk and Greenwich
required to be recommended in 1817. This new undertaking was confided to
IMM. Arago and Mathieu. associated with Captain Kater and other English
savants. What remained and will always remain of the operations of 1787 are

tlhe formulas and theorems which it furnished M. Legendre the occasion of estab-
ilising, and which in the sequel lie still further developed and improved.
His memoir was written in the anticipation of new and more extended appli-

cations; for the project already existed of resuming tohe measurement of the
meridian which traverses France froin north to south, and which iad been once
Ineasured, in 1739 and 1740, in tlhe great and admirable geodesic operation which
had supplied tile basis of the chart of Cassini. 'The National Assembly, in
effect, having adopted the plan of establishing a new system of weights and
measures for all France, a report was made to the Academy of Sciences, March
19, 1791, by aMM. Borda, Lagrange, Laplace, Monge, and Condorcct, on the
choice of a unit of measure. The report, after a profound discussion of the sub-
ject, proposed to take as the unit of measure tile cetre, representing tile ten-
millionth part of a quarter of the meridian, calculated from the measured length
of the arc comprised between Dunkirk and Barcelona. It proposed at the same
time the execution of different prelilminlary operations, one of tile most important
of which was tile verification, by new observations, of tilo series of triangles
employed for the measurement of the meridian of Cassini and its prolongation
to Barcelona.

It was afterwards agreed that IMM[. Cassini, Mcchain, and Legendre, the same
whlo hlad connected tlhe meridian of Paris with that of Greenwich, should be
charged with this new operation. Yet MI.t .Legendre is not comprised in the num-
ber of the 12 commissioners nominated (April 17, 1795) to conduct all tlhe
labors necessary for fixing the bases of the metrical system. Theso commis-
sioners designated from their own number MM. Mechain and Delamlbre to exe-
cute tlhe measurement of the angles, tlhe astronomical observations, and tlhe neas-
urement of tile dependent bases of tile meridian, and it was they in effeCt who,
in very difficult times, liad the merit of executing this vast operation with meant
often greatly restricted; yet, a few years afterwards, we find MI. Legend e among
tlhe members of the mixed commission, formed of a union of French andl foreign
savants, to which tlio luty of examining and verifying tile whole work nwas
entrusted. All the triangles were separately calculated by four persons, MI.
Trall6s, Van Swinden, Legendre, and Delambre, each employing tleo method le
preferred(, and the results were only admitted wlen throw was a satisfactory agree-
menlt between tlo four calculations. MT. Legendre signed witll tlhe other colm-
nissioners the report mado to the National Institute, June 1.7, 1799, on tlhe basis
of tli metrical system, and lie continued to take part in all tilo ulterior calcula-
tions ind the different verifications rendered necessary y certain discordances
which lad been remarked, and by some doubts whicll had arisen on thle exact-
ness of several parts of tlh operation. Thle method he followed was that of
which lie liad established the basis in his memoir of 1787. In applying it on so
extensive a scale, lie improved and developed it, andl gave a large number of new
theorems leading to more rapid reductions, to more convenient fornlulas. Ho read
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to the first class of the Institute, March 3, 1806, a new memoir entitled, Analy-
sis of triangles trced onl the sutface of a sphroid, in which hle considers the tri-
angles as no longer described on tlhe sphere, buit on a spheroid. HI inquires
anid demonstrates the properties of the shortest lines traced on its surface; extends
and thus generalizes tihe numerous applications of tlhe theorem wliclh bears his
name, and reviewing the principal operations offered by geodesy, gives the most
complete analysis of them.

IIe concludes that thoro can remain no doubt of tho exactness of tleo calcn-
lation of the triangles from which the distance of the parallels between I)lnkirk
and Iolltjouy, ncar Barcelona, lhas been computed, as well as tile length of tlhe
metre; but lhe considers it beyond question that the results deduced from differ-
et chains of triangles do not always exactly accord among tionheselves, on
account of certain anomalies in the latitudes and azimuths which maylbe (Teo
to local attractions.
At this epoch, in 1805, EM. Logendre hIad just published, in tho sequel of his

new methods for the determination of the orbits of comets, an appendix on tlte
method of least squares. Iero lie proposed that method which lhas generally
Lbon adopted for deriving from the measures yielded by observation the most
exact resultts which they are susceptible of flurlnislhing. M. do Laplace has since
denmoIstrated that it is tile most advantageous of which we can Imake use il prac-
tice. M,. Legeudre, after having developed( it, made an immediate apl))ication
o.f it to the measurement of thle degrees of the meridian of France, and lie con-
cluded, as in tlhe geodesic memoir, that the anomalies in tile latitudes 6ilght not
to he attributed to the observations, and that they pertain probably to local
attractions which act irregularly on the plumb-lilne.. . Gauss, iln 1809, seems
to have thought, for tile moment, that hle had rights of priority to tio invention
of thle method o least squares ; buit, if it cannot bo contested that so eminent
a sFavant may have had til same idea with Mn. Legendre, andl ma1y even have
applied it il his labors, it is certain that M. Legendre had, on hIis part, disowv-
cr(ld the method andl was the first who plmblished it.
M. Legendre continued henceforth to make part of the commission of weights

fin(l meas1uies ; lbut, tlhonh his labors of 17S7 had rendered his co-operation
in(disl)pesable in tile great enterprise which tliat commission was charged witli
conducting to at successful issue, there was a period during wllicll, as we have
said, hle ceased to be olicially attached 'o it: tis was under tlereign of terror.
Like most of the savants of his epoch, lie was favorable to the ideas which
have bcomno the basis of modern society; lbut lie remained a stranger to the
excesses wiiclh imbrued tile Revolution in Ilood. Perhaps, indeed, his caustic
turn h1t:d not wholly spared its authors ; certain it is, that, d(lrilng the violence of
the stlorm, lie was forced to hide himself. It was one of tile 1most happy inci-
dents of his lift; for, in the retreat which lhe found in Paris itself; tolierm(!ed th1o
(cqia;intlance of'a young and engaging female, Marguerlite-Claudine C(ouhin,.whom }ito e.Cpoused shortly afterwards, and wlo constituted his happiness during

410 years, Mch younger tthanl her husband, shle bore no inellicient part in his
great labors by tlhe tranquillity, tle assiduouts attentions, thle watchlfull solicitude,with wlichl silte environed him, proving herself, in all circumstances, a model of
discretion, grace, and amiability.
The revolutionary turbulence, however had itself never interrupted tile

labors of M. Lcgendre. In thle year 1I of tlie republic, towards tlh end of
1793, ie plblishel(I ia new memoir on clliptical transcendent, forming a qualrto

* In his work, entitled Theoria motus corporumn clestium, M. Gauss expresses himnaelfwith respect to this iu the following manner: " Thki principle, which we have employedsince the year 1795, hlls been lately given by M. Legendro in his NAouvelles Mithodtls pour la
determination des orbits des comites: Paris, 1806i. There will be found in that work several
conselqtlencos which the desire of beiug brief induces us to omit." (Soo the work enti-
tled A6tholes des moindres carries, AlAimires sur la combination des observations, by M. Ch.
F. (lauss, translated into French anul published with authority of tho author by M, J.
Bertrand, 185,15, . 133.)

10 8
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volume of more thain 100 pages; but in the quietude of his happy retreat ho
had turned lis thoughts to other subjects. The former professor of matohematics
ill tile military school began anew to occupy himself with the Elenents of
Gcocwtry. 'Tlo first edition of his work under this title, a work written with
elegant simplicity, and in which all the propositions are disposed in a natural
and,methodical order, appeared in 1794. The author, modelling himself upon
Eclid, remlands the science to tlh severity of the Greek school. In this,
without perhaps designing it, he actcormmodatd himself to the spirit of his epoch.
Architecture, abandoning tile distorted forms of the roign of Louis XV, was
returning, moro andl more, to the elegant simplicity of the Greek style. A few
years previous our great painter, David, had inaugurated, by his picture of the
lloratii, a complete revolution in painting, which, after his example, roverted
likewise to the imitation of the ancients.
The work attained at once the first rank among classical books. In less

than 30 years fourteen editions were published, of which tho last has under.
gone a largo number of impressions: moro than 100,000 copies of it have been
sold in France alone. Legendre's Elements of Geometry have been reproduced
in the principal languages of Europe, and have been even translated into Arabic
for the schools established in Egypt by tile viceroy, Melhmeot-Ali.
The author, prepossessed with tlie method of Euclid, has perllaps somewhat

unduly availed himself of the reductio 4ld abstrdum, which might often bo
replaced by moro facile demonstrations; but his work has served to excite a
sort of vigorous intellectual gymnastics by which mathematical studies havo
been invigorated, and its infltuenco has been tudoubltedly salutary. Among other
things, MI. Logendro here demonstrates, in a novel manner, tlh equality of vol-
ume of two symmetrical polyhedrols formed of equal plano faces, antjusted
under tlhe same angles, but with an inverse arrangemnlit which does not admit
of their being superlosed. The first editions did not contain tio excellent trea-
tise on trigonometry wlich the author has added to subsequent ones. Heo has
also enriched these with notes, in lwhlich he treats analytically certain parts of
geometry on a now system, as where lo demonstrates that the ratios of tlio
circumference to tho diameter and to its square are irrational numbers.
Tho ratio of the circumferonco to tlle diameter, being an irrational number, is

not susceptible of being exactly expressed b)y any fraction, however great tlio
whole numllers which form tlh numerator and denominator. IIence results tile
impossibility of over lindilg tle qluadrature of tho circle, and it was in conse-
quence of a proposition of M. Legendre, based on tllis demonstrated impossi-
bility, that tho Academy renoullced all f'urtler attention to a problem, tleo
importance of which is in soIni sort axiolmatic among plerons little versed in
matliematics.
But whatever nmighlt be the success of his Elc)mnts, Ar. Legendro did not

question tlhe feasibility of using otiler methods with success, and himself con-

tributed, in 1802, to tile publication of a now edition of Clairaut's Elements of
Geometry, to which lio added notes derived probably from hlis memoranda of tlih
military school. Geometry is further indebted to him for a method, directly
demonstrated by himself, of inscribing ill tlhe circle a regular polygon of 17
sides. Algebra, properly so called, owes to hlim, amoig other things, two
ditlerent methlods for tih solftiou of numerical equations, mIethods whlicil mako
known with much rapidity all tho roots, whetller real or imaginary, of tlioso
equations.
So lighllly was M. Legendro appreciated as a skillful calculator, that rarely was

any great series of numerical operations undertaken in Franco without recourse
being had to his services. In 1787 le liad been called to take l)art in tlhe con-

mission charged with connecting trigonometricallv Dunkirk and Greelnwich.
For thio same reason M. de Prony, placed in the year II (1794) at tile head of the
cadastre, (registry of the survey of lands,) did not deemn it expedient to dispense
with his services. Tile decinil division of tile circle, then regardo(d as a nle;s-
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sary complement of the metrical system, required new trigonometrical tables.
M. (de Prony caused them to be constructed, with incredible celerity, by means
of the division of labor and by processes wholly new, which admitted of the
emplhloyment of arithmeticians of even the most indifferent qualifications. The
work was prepared by a section of analysts, over which presided M. Legondre,
who contributed greatly to facilitate tlhe operation by devising new and ingen-
iols formulas for determining the successive differences of tlie sinus. For the
other sections it only remained to make the additions. The labors of this
board of calculation produced two copies of tables entirely independent one of
the other, and affording, by their identity, a mutual verification. This monu-
ment of labor and skill, the most vast of its kind which has ever been executed
or even conceived, has no other defect, said M. Dolamrbre, but its very immen-
sity, which has so long delayed its publication.
When the revolutionary tempest had begun to subside, one of tile first cares

of government was to reorganize. public instruction; but AM. Legendre, whether
he was not in favor with the men in power or for whatever other reason, was not
invited to co-operate. His name does not either figure at the close of 1794
among those of the first professors of the Polytechnic school, nor in January,
1795, in the list of the professors of the Normal schools; nor yet was lhe com-
prised among the 48 savants whom the government selected to form the nucleus
of the Institute; but, at the earliest opportunity, his colleagues hastened to
redress this injustice by summoning him to tohir ranks. It will not be amiss to
recall here the succession of events, as facts not destitute of historical interest.
The Academy of Sciences having been suppressed by a decree of the conven-

tion of the 8th of Augui;t, 1793, the National Institute, of which the first class
represented that acadomly, was established by a law of the 5 fiuctidor, year III,
(22(1 August, 1795,) and was organized by a second law of tile 3 brumaire, year
1V, (25th October, 1795.) By the ninth article of this law it was enacted that,
"for the formation of the National Institute, the Executive Directory shall
nominate 48 members, who shall elect 96 others." To form the nucleus of the
first class of the Institute, 20 members were accordingly nominated by the
directory, December 6, 1795, being two for each section; those for the section
of mathematics were MMf. Lagrange and Laplace. Two other members, MM.
1Borda and Possut, were elected in the meeting of the 9th of I)December, and the
section, which was to lbo composed of six members, wan completed on tlh 13th
of the same month by tle election of MM. Legondre and Delamlbre. In this
list AM. Bossul appeared by just title for his labors in hydraulics; MM. Borda
andl Delambro were included with not less right for their important services in
relation to geodesy, to measures of precision and astronomical calculations;
AMM. Lagrange, Laplace and Legendro were essentially the representatives of
thle higher analysis, and occupied during life tile foremost place among the gcom.
eters of tlie Institute. All three continued till death to justify this proud posi-
tion by labors worthy of themselves and of the illustrious body to which it was
their pleasure as well as duty to communicate tlem.

In 1805 M. Legendro published new methods for the determination of tlh
orbits of comets, to which lh added, in 1806 and. 1820, two supplements ; in
the latter stages of life lie had collected tihe most recent observations on comets
of short periods, in thlo design of still further applying and improving his lpro-
cesses of calculation. Previous to tlhe publication of his two first memoirs inl
1805 and 1806, the question had, in his opinion, been always treated in an
implerfect manner and merely by approximations. lie considered himself as
having first indicated two certain modes of arriving at a solution, at once tihe
immost simple and exact, namely, the method of indeterminate corrections, pro-
posed by him as early as 1787, but tho applications of which hlad been few ill
number, and tlhe method of least squares, which then appeared for the first time.
Nevertheless, this analytic perfection, to which tlhe author sought to add as often
as lie retouched his formulas, has seemed to astronomers to be more than coun-
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terlbaltaced by the length of tlhe calculations and by other inconveniences.
They prefer employing tleo methods of O)lbers and Gauss, which, while giving
perhaps a less certain approximation, furnisht it in all cases more rapidly. 11l
1806 M. Legendro further published, in the memoirs of tho Institute, a new
formula for reducing to triedistances tlho apparent distances from tho moon to
the sun1 or to a star.* Its object was to sinmllify and accelerate tlhe labors of
)practical astronomers.
These last publlication were in some sort excursions made by tho indefatiga-

)lo author beyond tlho habitual sphlero of his researches, and, seeing with what
pronmptness and facility 5M. Legendre thus passed from one subject to another, it
might be thought that lie was completely at liberty in the employment of his
time. Ile found means, however, in the midst of his purely scientific labors, to
reconcile with tile duties of the academician thoso of several important functions.

Somle time after tlh creation of tlhe Polytechnic School, tho former laureate of
the ballistic competition was appointed examiner in mathematics for the graduat-
ing students destined for tloe artillery, and lie continued to fulfil these honorable
and delicate functions till 181, whenlie voluntarily withdrew and was replaced
by M. ld Prony. l'roml thle creation of tile university, in 1808, AM. Legendro
was of its council. At the death of Lagrange, in 1812, ho was chosen to suc-
ceed him at tle bureau of longitudes, in quality of geometer. le thus took
his place by the side of M. (1d0 laplace, whom lie had replaced in 1783, as adjunct
member of tlo Academy of Sciences, when tlhe illustrious author of tleo MiLchan-
ique Cdceste became anassociate melmbe)r. Thus, at an interval of 29 years, and
under circllnstances assuredly very different, no one was found in France who,
l)y his scientific merit, could more naturally bo called than MT. Legendro to
replaceMA. do Laplace or M. do Lagrange. That lio owed to his merit alone a

choice so honorable for himself and tlose who made it, may bo gathered from
a slight anecdote wlich is related of him. IHaving, from tho creation of the
legion of honor, been inscribed in the number of its chevaliers, thoughlhe failed
not to record this testimony to his merit in tihe title-page of his works, his
natural modesty, we are told, long prevented him from attaching tele red riband
to lis button-holo. M. Legendre continued, moreover, ns has been already said,
to form part of tlh commission of weights and measures as long as it existed,
and moro than once was a member of other commissions charged with objects of
importance.

Yet i(lndependetly of thlse numerous occupations and varied labols, all
impressed wit a pecrlliar character f vigor and precision, by which hIo bore a

large part in the scientific movetmelt of his )epocl, M. Legendre had besides cer-
tain household lgod.s, to which he sacrificed with ever renewed pleasure in the
silence of his closet. I mean the theory of ,numbers andthle ellipticaltinctions.
''o these lio consecrated, during the latter 50 years of his life, all the leisure left
him by his daily occupations and more conspicuous labors. IIe las thus reared
two 1imonmlllents wlich, by their extent, represent, no doubt, the better part of
his time , and which, though having hlad fewreaders and capable of having but
very few judges, will )prove(, perhaps, in tile eye ofl)osterity, two of his princi-
pal titles to renown.

'Phle 'hcory of numbers appeared in 1830, in two quarto volumes, after being
prec(ledd at diverseintervals by preliminary publications. M. Legendre says, in
the advertisement:

Thel work having received all the improvements which the author has been able to bestow
upon it, as well through his own labors as those of other geometers of which he could avail
himself; it has been thought proper to give it definitively the title of Theory of numbers, in
place of that of an Essiay on the subject which it has heretofore borne.
Thel.ssay on the theory of numbers lhadplasse through two editions, one in

1798, tlie other in 1808; this lastlhad been followed by two supplements. The

"Mimoires, de l'lnstitute, t.Vr, (printed January, 1806,) p. 30.
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Essay had itself been preceded by a considerable work published in the lMemoirs
of the Academy for 1785., and entitled lechcrches d'analysc indetlrminc ; which
relates principally to the study of the prooperties of numlbert. Inl line, we learn
fri'o tie lmanuscript proceedings of the Academy, before cited, that, among tile
memoirs which MI. de Laplace, in the session of March 15, 1783, indicated as

having been preslentcte by At. Legendre, occur two memoirs on the resolution of
indeterminate equations of the second degree and on theo properties of continual
fractions, and a memoir oni the slummation of- these fractions. Now, from the
objects of which they treat, and indeed from tile titles alone, theso memoirs bear
a very natural relation to certain paragraphs of tle great memoir of 1785.
They were probably time first rudiments of it. Silence we see that MA. Lcgendro
ehadbeen occupied with the theory of numbers from his youth. lH had labored
upon it for more than 50 years. Yet lie concludes tho adverti3sementt of tlhe
Theory of numbers, dated April 1, 1830, with the following words, which are
certainly modest enough:
We shall not pretend that certain matters treated of in this work do not need to be improved

or even rectified by new researches. Nevertheless, tho author has thought that it would be
better to leave them in this state of imperfection than to suppress them altogether; they will
offer ai subject of investigation to those who nmy be disposed in the future to occupy thenl-Ielves with the advancement of the science.
This part of tlie science has received in effect, since tlie publication of tlhe

Theory of numbers, important accessions; but if we compare tile contents of this
learned work with what had been discovered during the 2,000 years which
preceded 1785, we shall see that no ravant has marked his passage in this
branch of mathematics by traces in any degree comparable to these efforts of
3. Legendre. It cannot surprise us that a science which had advanced with but
slow and progressive steps under the hands of men as eminent as Euclid a(nd
Diop)llhntes among tlhe ancients., a Vifte, IBachet, Fermat, Euler, and Lagrange
:.mong tile moderns, should not all at once have been carried to a point which
colmported with no further progress. It behlooves us, on the contrary, candidly
to alvow that M. Legendre, in speaking of inew developments which still awaited
it, ,iave proof of perspicuity almost as mtucll as of modesty.
The science of numbers is difficult, and it is above all difficult to convey an

ilea. of it to persons whose attention has never been occIupied with it. Every,
one knows that numbers are distinguished into two great classes: even and oddly
numbers, which alternately succ-ed one another. Thle even numbers aro divisible
liy 2, while tile odd nimnbers are not, thtoughl they have often other divisors.
\Wole mnuinbers difler much T'rom one otherr in tlhe possibility of )being divided
)by other and smaller integers. It has been long ago remarked that tlie n11111ber
10, tle basis of our decimal system, hasbllt \two divisors, 2 and 5, timo last of
which is not subdivisible, while the number 8 ]las two divisors, 2 andt1, of which
lthe last is further subdivisible by 2, and the number 12lhas threel divisors, 2,
3, a1nd 4, the last of which is again subd(ivisible by 2; whence it follows that
tle number 8 and especially the number 12 have, as tile basis of a systemI of
melslure's susceptible of being successively subdivided, an incontestable sllpe-
riority over the number 10. This inferiority of tioe latter number is one of the
ol,stacles to ttle general adoption of tile (lecimnal system of weights and measures,
which presents in other respects sucll great advantages.

iBut tlie lnmlller 10 is more favored in this regard than tle n111imber 9, divisible
oly,by 3, of( which it is the square. It is still more so thntlhe numbers 3, 5,
7, 11, 1:,l 17, which halve no divisors, or, to speak tile lallnguag of science, have
no other divisors but themselves and unity. Number 7, which enumerates the
s'venl days of tile week, tlhe seven wonder of the world,lth seven sages of
Greece, passes for possessing a certain (degree of excellence; lbut number 13, as
well as 17, is looked lupon as inausplicious, by reason, it may be, of thls absence
oif divisors \whicih renders both numbers refractory. All those numbers which
have no other divisors but themselves and unity, are called prime numbers.
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Tlere are prime numbers of all magnitudes; but when the numbers aro some.
lIwhat great it is not easy to discover immediately whether they are prime or not.
The prime nunlmbers nro distributed among the odd numbers with an apparent
irregularity which is yet subject to certain laws. The search for them, the deter-
ruination of tho quantities of them which exist in a given interval of the nulnemio
scale, form one.of tle objects of the theory of numbers.
Numbers may bo ranged by series in each of which may be remarked the con-

stant existence of certain properties; such aro the triangular numbers 1, 3, 6, 10,
15, &c., each expressing a number of units which may bo arranged triangularly;
the quadratic numbers 1, 4, 9, 16, 25, which in the same way correspond to the
square; polygonal numbers, pyrlamidal, &c.; and theso series give riso to coIn.
binations moro or less curious. Certain numbers are the squares of other smaller
ones, as 4 the square of 2, 9 of 3, &c.; others, as 8, 13, 18, aro tho sum of two
lquares; others again, like 17 for example, are tih sum of three squares. Lagrange
and Euler havo proved that t)lre is no number which is not the sum of Jbfr or
of a less number vf squares.*
These properties and many others are at once remarked in examples taken

among numbers of little amount, and it becomes a matter of curiosity to follow
them among the larger numbers in order to learn whether they are general or
not. Hence proceed researches which are often very difficult and provoke a
lively interest. , The final conclusion evades detection so much the longer from
the circumstance that frequently thero exists, as yet, in science no rule for seek-
ing it; it is a prey which for a long time eludes the pursuit of the hunter. Again,
there are certainproperties of numbers which come to light unexpectedly in their
combinations, and which, presenting something enigmatical and surprising, havo
been often held to pertain to the mysterious. Hence the virtues which necro-
mlancers have pretelndedt that they detected in cabalistic numbers ; virtues which
are to the theory of numbers not unlike what astrology is to astronomy.

"It would seem (remarks LM.Legendre) that Euler had a peculiar taste for
the science of numbers, and that he gave himself up to this kind of research
with a sort of passion, as happens (lio adds) to almost all those who are occupie(l
with it ;" and it is clear that M. Legondro himself formed no exception to this
remark.

Thel first researches of 5M. Legondro on numbers, contained in his distinguished
memoir of 1785, constituted a direct sequel to those of Euler and Lagrange which
they extended and developed in several important particulars; )but(M.Legendre
embodied also in this work many discoveries entirely new, and particularlyy tlh
theorem of reciprocity, known likewise under the namne of the law of Leyendre,
one of tile most fertile laws of the theory of numbers.

This theorem, more readily expressed in algebraic tllan ordinary language,t
Legendre, Theorie des Nombres, t. I, p. 211.

t The following are the torms in which M. Legondro enunciates, in the Tleorie des Nonm
bres, I, 230, the theorem in question: § VI. Theorem containing a law of reciprocity which
exists between any two prime numbers whatever. (166.) We have seen (No. 1:3) that itfn
and n be any two primo numbers, odd and unequal, the abridged expressions (7) ( )
represent, one the remainder m -, the other the remainder n ,--- divided by m. At
the same time it has bcon proved that one and the other remainder can never be other hlian
+1 and- 1. This being so, there exists such a relation between the two ralnuindler
(m) and (Q,) that one being known, the other is immediately determined. Tho following
is the general theorem which contains this relation:
Whatever be the prime numbers mi and n, if they are not both of tho form 4z-43, we

shall always have () -() and if they are both of the form 4zz+3, we shall have

(Mi) (=-( ) These two cases are comprised in the formula
()n ( \---'1- n \n-\ _13 \ ., n.
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consists in this: two prime numbers mn and ni being given, if t be raised to tle
)oweCr n minus 1 divided by 2 and the result be divided by tn, then i to tho
power mO minus 1 divided by 2, and thle result be divided by m, tlhe remainders
of the two divisions, which are always capable of being expressed by plus 1 or
minus 1, will both be of the same sign, or else of the contrary sign, in certain
doterminato cases; a result which has found tnd continues to find numerous
applications in researches relating to the properties of numbers.

MI. Legendre, in reproducing, in successive editions of the Theory of Numbers,
the demonstration of this theorem as lie had given it in 1785, discovered that in a
determinate case it presents a lacuna, without the theorem itself having been ever
found in tlefault. if. Gauss, who, by his Disquisitioncs Arithnwticfe, published
in 1801, had placed himself in the first rank of the savants who havo dealt
with tlhe theory of numbers, gave a demonstration of the theorem of reciprocity
which left nothing further to be desired. M. Legendre reproduced this demon-
stration in his Theory of Numbers in 1830, observing that it is the more remark-
able as resting on the most elementary principles, and at the samo timb gave
another yet more simple, proposed by AI. Jacobi. Still later, M. Lionville and
other eminent geometers have given other demonstrations of the same law. The
exactness of the law of Legendre is therefore more than sufficiently demonstrated;
hut here the inventor has left to those who have followed him the privilege of
completing his discovery.
This circumstance recalls, somewhat remotely, tho fate of the remarkable

theorems on numbers which Fermat left without demonstration; all, with tleo
exception of a single one, have been demonstrated within a century and a half
nfter the deatl of their author, by Euler, Lagrango, and Legendre; this one, the
last theorem of 1Fermat, without having ever been found in default, still awaits
a demonstration, though the Academylhas, in late years, several times proposed
it as the subject of a prize to the emulation of geometers.
But if M. Legt,"ndre took delight, likeE1uler, in the combinations, so arduous

in appearance, of tlie theory of numbers, like Euler, he excelled also in the
research of tihe integ'als of lifircrential quantities, a research which is itself not
directed by any certaitL rule, and in which the inquirer is conducted to the result
only by a certain intuitive Iprvision of the combinations a(nd reductions which
ivill be available in the formulas and figures. The finest integral appear often
to have been found 1b hazard bullt these are hazards, as 1M. Legendre said il
speaking of E'uler, which ileccr occur to anl but those who know how to create
tJerw. This remark, insutllicient doubtless to makeuls comp'rehlen(d how a differ-
ential expression is integrated, will enable us perhaps to conceive how tho mind
may be stimulated to this pursuit, as to that of tlhe properties of numbers, and
how these two kinds of research, which seem to call into play analogous facul-
ties, weretlth o dominant passions of Euller and Legendro.

A. (ifferential quantity given by a Ilrolblem of geometry, mechanics, or physics,
(toes not always correspond to an analytic expression existing in tile science, and,
in order not to leave certainl)roblems without solution, it becomes an object to
enrich analysis with new functions. Alter having (xhauste(d eXr'essions purely
algelraic, we succeed in integrating a great number of differentials by ineans of
arcs of the circle and of logarithlls which are thl most simple of transcendent
q,!',:ntites; but, in order to extend still further the applications of the integral
calcululs, it ways necessary to have recourse to transcendents of a more composite
order.

lEuler thoulgil that instead of being limited to the circle, other curves of tho
second degree, especially the ellipsis and lhyperbola, might be considered, and that
tal)les analogous to the tables of logarithms and to those of circular functions
might be drawn up in reference to themt. By one of those happy combinations,
which seem almost fortuitous, lie found under a purely algebraic form the conm-
plete integral of a diflilrential equation composed of two separate but similar
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terns each of which is only integrablo by arcs of conic sections. This important
discovery ledl the illustrious geoneter to compare, in a manner moro general than
nhad beeIn done before, not only tlo arcs of the santo ellipsis or tlh osa hyper-
bola, but in general all tho transcondents of which tho differential approximates
to those of theso two culrves, in presenting, like them, a rational algelbraic func-
tion of tle variablea divided by tlhe square root of an algebraic lpolyollme of the
fourth degree.* One of tle results of this comparison was, that tlo inltegr'ation
by arcs of tho hylperbola nmay always b)e reduced to integration by arcs of the
ellipsis.
From this time Euler foresaw that by means of a suitable notation tile cal-

culation of arcs of tleo ellipsis and other analogous transccnidents mlighlt become
of almost as general use as tliat of arcs of tle circle and of logarithms; but, with
tlhe exception of tho IEnglish geometer Latndn, who demonstrated, ill at nmeoir
of 1775, that cceery arc of' thfe hI/perbola iis immediately rectified by nmcas nf t'o
arcs of the cllipsis,t no ono but AM. Legendre recognized tile ilmplrtance of real-
izing the prevision of Eulcr; and it may b said that our learned colle:tage alone
occupied himself witli titissubject fiom the year 1786, when ioe Ipulblished his
first researches on integrations by arcs of the ellipsis, until the year 1825, when
his T'reatise of Ellip'ic fJ'uWltions appeared.

Arcs of the ellipsis, being after arcs of tho circle and logarithms ono of tlho
most sfiml)le transcendents, might become in some sort a Iln instrument of cal-
culation, if we were once falliliarized with their properties andl possessed ready
means of calculating tlheim with Irecision. M[. Legendre applied himself to this
important sullject inl two memoirs inls;rted in tho volume of tho Academy of
Sciences for 1786. In both of then tlie author demonstrates, by mlealls l)ecu-
liar to himself, tllat tlie rectification of the hyl)erbola depends on that o(l the
ellipsis anld l'esents no special tra'sceendlnt, andl in tlhe second le shows that in
anl infinite series of ellipses formed after tile samet law we can reduce tile rectilica-
tion of one of theso ellipses to that of two others taken at choice in the samo
series. Thlis, ht says with characteristic niodestv, is one step morel in a difficult
pat.li

In tlle first memoir M. Legendro gives colnvergent series adapted for tlhe easy
calculation (f tile length of anl are ofan i llilpsis, whether in tlhe cast in which
tile elipsis but slightly eccentric approximates to a circle, or in tliat wheni,
greaItly ('longate'd, it rece(les but little froIm its r'eat'er axis; and in tihe second
lie adds:

If tlhe zeal of calculators could furnish us with tables of arcs of the ellipsist for ditTerent
degrees of amplitude and eccentricity, and each arc were accompanied by tho coeflicient of
its partial dillerence, wo should haveo the means of integrating by thesth tables a very largo
niiltber of (di'ieretials,at despecially all thosu which IMM. d'Alceibert and Etuler have
referred to the arcs of conic sections.

3M. Legendre hiad then attained tlo age of 341 year;; he know not that it
wouldlb1 permitted him to labor till that of 80 years, anl that unassisted ho
woull himself accomplish the task of which lio here traces tho programmle.

Ill tlie course of tlieso two Inemoirs, and particularly towards tli end of the
second, lhe indulges himself in a just tribute of praise to tile learned gecmeters
(Iuler, l.anlden, and Falgnani) lwhol, before himself, had demonstrated, in a diftfer-

" 1 being a radical of the form in question and P al rational algebraic function, all theso

transcendents are comprised in tlho formutlla --.--Legendro, Mdmoirc sur ls Transcenld-
antes elliptiques, p. 4.

t Landed published his researches in tho Plilosophical Transactions, and still letter in a

special work entitled, Multhcmaticul Memroirs Jespcctinl a I'ariety of Subjctrs, by Johni La-
den, F. . 8.8: London, 178r0.

t See the volume of the Academy of Sciences for 17i6, pp. 618 and G64.
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ent manner, a part of the tlhoqns with which they are filled to profusion.*
lBt, il the publications of 1786,remnarkable as they wero, theso ricl materials
hardly yet formed a completed (edifice, and M. Lcgendro was not long in por-
ceivinl that this subject, and in general tho theory of transcendent whoso differ-
celtial enters into the form above indicated, erequired to bo treated in ta manner
more methodical and thorough. Thlis lih undertook to do in a Miemoire sur les
transcetndntes celiptiqucs, read by hlim to the Academy of Sciences in April,
1792, and published towards the end of 1793, in which lie proposed to comlparo
a!inrng themIselves all tle transcendenlts in question, to class them according to
their different kinds, to reduce achl of them to tih most simlplo forml of which
it is susceptible, to estimate their value by) approximations tho most prompt and
facile; 1and, in fine, to form from ttlo collective theory a sort of algorithm which
should servo to extend tlhe domain of analysis.t
Taking, in its most general algebraic form, tho differential alreadlV indicated

as a point of departure for this kind of researches, lie analyzes it with extraor-
(liiary address, lays aside all tho parts which aro intograllo, whether by arcs of
the circle or logarithms, and thus reduces it to its quintessence; that is to say,
to the parts whoso integral are transcondlots of a superior order. Then, trns.-
forrming this remainder by means of circular functions, he reduces it to a form
of wonderful simplicity, containiilg but five quantities :: an arc of tleo circle
designated by tlio name of amplitude, lnull at tlie point \whelr the integral corm-
Iminces, and developing itself in proportion as that is extended; a mlodulus
always real and smaller than tle unit, which, in tlho case when an ellipsis is in
lilestion, represents its eccentricity; a parameter of any nmagnittlde, positive or
negative, capalblo of being reduced to zero, but to which it would ho useless to
attributed imaginary values; lastly, two coellicionts whloso values, independent
(of all the rest, may be anything, provided they b not null simultaneously.
'The lamplitude is tle variable in relation to which t ieiintegration is Itade; it
is I1ull only at thi point of departure from tilo integral. '1Thlo modulus calmeiot
ble null without tile expression being completely altered in its nature, but tlh
tliroe other quantities may be null independently of one another, or filfil in
their relations of Imagnitude certain conditions according to which elliptic tran-
scelidents are divided into three classes.

'The second class is tlhe oily ono which represents arcs of tile ellipsis. Tio
first class is a transcendent mc'n!o silell than ar'Cs of tlhe ellipsis; it miray itself
!,o expressed bymIeans of such :arcs, bu)t an arc of tl,. ellipsis cannot be
expressed ly transceldents of this first class. Tl'ho third class, on the contrary,
the only one in which the paranmeter is not null, is more composite than arcs of
tie ell ipsis.

'l'he gradation which exists in tlhe complexity of those three classes of tran-
scloildents is manitfsted especially by this circumstance, tilhat tralnscendents of
the first species ma1y )o joined with one another, by addition tand subtraction,
so ass to fr1inm a sum1 constantly null. TransceOdents of the second species may
utnite ill like manner, so as to form a sum whosO valul is expressed( in terms

' I shall not conclude this article," (XVI of tho memoirr) says M. Legendre, "without
giving notice tlat the greater part of the propositions contained therein have been discovered
by Ml. Euler, iand published in the 7th volume of the Nouveauzx trnuwircs de P'etcrsbourg
tind iln solno other works, a fact of which I was ignorant when I was engargc4 in these
refsercches. But the ditforence of the mlethlods miiay throw now light on this subject, and
moreover tlhe comparison of the arcs of diferent ellipses, which is discussed in articlo XIII,lhas Inot, as far as I umn aware, been before tro;eted of by any ono."-Menm. i'Acad. des Scien.
eas, 1786, p. 676.

t Legetldre, 'Theorie desfonctions elliptiques, Introduction, p. 3,
JFor this lie employs the following xl)ression:l

J--.I+ti-l-u v'-icsJi-" s
-Mrmoircs sur Ics transccndantes elliptiqucs, p. 17.

L 2
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rely algebraic, liko the celebrated intetl of Euler, before referred to.
Ilstly, tralnscendents of the third species may also be united to form a sum of
which the v:lluo, without being null or even algebraic, is notwithstanding of a
more simpleltnature than each of the former in itself; for it may bo expressed
by arcs of tlhe circle and logarithms, which are the most simple of transcend6nts.

These differences, and several others which exist between the three species of
elliptical transcendents, suffico to vindicate tlh division established by M. Lcgen.
dro; but, at the same tinoe, they do not prevent our perceiving a profound anal-
ogy between all these transcendonts which justifies their union under the same
denomination. The first and second species may bo expressed by arcs of the
ellipsis; tle third is the most compounded, but it has so much analogy with tlhe
two others that all tlreo may bo regarded as forming but one and tho sane
order of transcendents, the first after arcs of the circle and logarithms. As M.
Legendre elsewhere says, "( the denomination of elliptic function is improper in
fome respects; but wo nevertheless adopt it on account of the great analogy
which exists between the properties of this function and those of arcs of the
ellipsis."
M. Legendro resumed these questions with several others in a great work in

three quarto volumes, whicl ho published in 1811, 1816, and 1817, under tlh
title of Exercises de c:lcul integral sur divers orders de transcendantes ct slw
les quadratures. In tilis work, part of which was devoted to two classes of
dlfitlite integrals, to which tho author has given the name of integrates euim
riennes, he occupied himself also with a great number of questions about the inte-
gral calculus, into the details of which it woull bo difficult icro to enter; but the
most extensive and in his eyes tlho most inmp-artan tprt was that which treats of
elliptic functions, of their application to diflcrent problems of geometry and
mechanics, and the tables necessary for the use of those functions. Finally, in
1825 and 1826, ie combined ane w all 'his results, with tile developments ann
improvements which incessant labor liad enabled him to supply, in a work
entitled Teeorie desfonwtions elliptiques. This first alppieared in two volumes,
followed at a later period by tree supplements, which constitute tile tlirld and
lwi volume.
Among tile improvements wliich M. Legendro bestowed on his previous labor

when lie )published them anew in 1825, one of tlie principal was tlio discovery
of a second scale of modules, different from that which alone was known at tleo
time of the l)lhication of tll exorcises on tle integral calculus. "TThis second
scale," as lie remarks in the 31st chapter of tlle first volume, " completed in
many respects tile labors of tlie author upon this theory; it afforded an easy
method of arriving at many striking results of analysis which till then it had
been imlpractticable to demonstrate except by very laborious integration. By
tlie combination of tlhe two scales tlre transformations of functions of tlhe first
species could be prodigiously multiplied ; this tile author has made evident by
c(nlstrlcting a sort of tessellated table (damnier) infinite in its two dimensions,
all tlhe divisions of which might bo filled by the different transformations of
which one and the same function is sutsceptilile."
The development of the properties and uses of elliptical functions, consid-

ered willthis generality, composed the whole first volume of tile publication of
1825. The tsccold was devoted, in part, to tables intended to facilitate the
coaversion of tlhe integral obtained into numerals. Calculated by tile author
himself witll the greatest precision, these tables constituted in themselves an
immense labor. " By nI;: ns of them," s8aid M. Legondre, "tlhe theory of elliptical
fullctions, enlarged and nearly completed bylmanay successive labors, might ob
apl)lio(l witl almost as muchl facility as those of circular and logarithmic func-
tions, answerable to the wishes and lopes of Euler."

After the develohtmnents wlichl the theory of elliptical functions had received
by the discovery of the second scale of modules, further progress seemed scarcely
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prolbablo; but the fecundity of the methods created by M. Lgcendre wassuch
that results which ho had hardly ventured to anticipate were very soon realized,
anid I abridge, in transcribing, the terms in which he speaks of this oevnt in the
advertisement of tho third volume:
A younggeometerr, M. Jacobi, of Kasnigsberg, who could have had no knowledge of

the treatise ot elliptical functions, had succeeded, by his own efforts, in discovering not only the
second scale of which we have been speaking, which is relevant to the number 3, but a thiid
which is relevant to the number 5, and he had already acquired the certainty that there must
exist a similar one for every odd number proposed. ** This theorem being established
for every odd number, it was easy thence to conclude that for every integer or simply rationalnumber may be formed a particular scale of modules, which will give rise to an infinitude
of transformations of any one function of the first specie, which transformations will bo all
determinable algebraically. "* * h*e hopes inspired by thoseBrt successes of M. Jacobi
have been since justified by new publications. Itrains for me (says M.
Legendro in continuation) to speak of the admirable researches on the same subject which
IM. Abel, a lival worthy of M. Jacobi, has published nearly at thsames time. Tle first
memoir of M. Abel forms in itself an almost complete theory of elliptical functions considered
under the most general point of view. I * * A second memoir of his presents very
remarkable results: First, on the division of the particular function of which the modulus is
sin. 450, and which represents arcs of the leIniscato; secondly, on the general traustorwation
of functions of the first species, by which, says the author, we are enabled to demonstrate,
in a very simple and direct manner, the two general theorems previously published or
announced by M. Jacobi.
We shall not enter into other details (say M. Legendre in conclusion) respecting the

labors of these two young geometers, whose talents have dawned upon the learned world
with so much brilliancy. It will readily be conceived that the author of the present treatise
would be prompted to hail with cordial applaus discoveries so greatly promoting that
branch of analysis of which he may claim to be in soim sort the founder. tlencehas originated
the design of enriching his own work with a part of these new discoveries, while presentingthem under a point of view at once the most simple and most conformed to his own idoas.
Such is the object of the two supplements which follow, and of those which, in the sequel,he may unite with them iu order to form the third volume of his treatise.
Rarely ias such sincoro and emphatic recognition been extended to disciples

worthy from the outset of being counted as rivals; but M. Legendre still further
enhanced this recognition by the unal'ected and spontaneous warmth with which

the paternal tenderness naturally felt for a theory created by himself, and doveloplel
lllring more than 40 years by his singlooeffrts,was reflected on hisyoungI C(ml)<titors.
Personal w\ho, at that epoch, attended the sessions of the Academy will not havo
forgotten tile artless eflusion of feeling with which M. Legendre hastenetu to
cotnunlicate to his colleagues tlh first letters received on a subject so interesting
fbr science anld for himself. It might bo said that t.n elliptic functions did no
less honor to tll nobility of his sentiments than tlh profundity of his genius.
These first impressions were not modified by subsequent reflection, andl M[.

Legendre concludes with the following paragraph the thirdsul Ip)llelnt to thl
Thcoric Idcsjontions clliptiqucs, by which tlat vast labor is closed:
We shail here terminate the additions which we havo proposed to make to our work by

taking advantage of the recent discoveries of MM. Abel and Jacobi in the theory of ellipticalfunctions. It will be remarked that the most important of those additions consists in the
new branch of analysis which we have deducedfrqom the theorem of M. Abel, and which
had remained until now wholly unknown to geomnetrs. This branch of analysis to which
We have given the name of theory of ultra.-llipticfunctions is infinitely more extended than
that of elliptical functions, with which it has very intimate relations; it is composed of an
indefinite number of classes, each of which is divided into three species like the elliptic.*.functions, and which have besides a great number of properties. We have been able to
enter but partially into this subject; but that it will be progressively enriched by the labors
of geometers can hardly be doubted, and as little thlit it will eventually prove one of the
uoxt efficient parts of thi analysis of transcendent.
These lies, dated March 4, 1832, may be regarded as in some sort tlhe scien-

tific testament of M. Legendtre, who died within a year thereafter. M. Abel, in
whom lie reposed suchWhigh hopes, iadl descended to the tomb several years
before himln; M. Jacobi followed in 1849; but tlhe nticipations of M. Legen.,dre
have not tihe less been realized, as well by tle labors of M. Jacobi himself as

by those ol' our learned colleagues, 3MM. Liouvillo aud lerWite, and other distin-
guished geometers.
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I nmilt still further speak of important lubors published by 3. Legendre o
the ini yrulr, stvylld 1by him euleriun, from the nauo of Euk r, wlo had first
occupied himself with them, lalnrds which occupy a largo pace in his exercise
on the itltegral calculus, antd which hle partially introduced, whillie im proved
on theLn, ilt the secit volu e of his theory of elliptical functions. 1 migIt also
slow how, parallel with thle employment of elliptic transctendents, he opened the
way to the nutnmricnal realiz:tion otf a vast cl:as of integrals by the tables which
lhe uha given for calculating the new transcnl.leutt, (desigfnted by him unUler the
haIme (of the function grand ganina; lbut although M. liuet hua shlowu that the
laborsaccriwry to those which M. Al-'gedni lures ivcii to the publlic on thies
sullhjLCts anlob , wdti. alnstitute n1o mlconsideraull title for ta lisitilgluidihed
geolucatr, I nihould fi to weary thia atteutiuu of muy auditors bIy tlheliug at
greater length on topics of ttis nature.

Like Eulrl. hli model, and like many other great geometers who preceded
him, M. LeAgndlre prIsecuteld his llaors to the last without having to regret any
enfreelmelnellt of his fauultics; the vollumue of our ulmeoirs, which illmllmediately
pxrrrctlel his death, contains tone of his studies union a difficult q(uettiou of the
thLory of nultabers. lie wir then 80 years of age.
So vimtorous an organization t*culd scarcely bIe broken uil witllout great suffer-

inq. 'l1lie muralhul which tenllinlatted the fife of our coflleague was lo1g anud
painful, but lie e.ltured it with firlinllts, without illulging any illil$iolu a to its
fatal issec,tand with a rebignatioln which, as wias said ly M.'1 oit ll at lhis grave,
ninut havel(.een rilendred <lificullt ly the happiness of hlis holl, .1he tc.i(lerute
andu fuod solicitude which there suiroutided -liim. Always chiracterizcdt iy a

spirit of melf-reinceciiatil n, hel ad often explretsed the wish tlit inl sleakiei of hiiaoll
jiaeution sioulhld )e nmde except of his ltuirs; Ibut tle same siltence is nlot inllUl:;^
,on us its regards the noble actions which the fatilfiul collipaioln of his litfe, the
hldpuoitary «of his thoughts and puI)rNses, continued to lperfonn in his nalme after
his datll.

M3. Legelndtre had not foro)ttfeu what, ill his youth, lie had owed to th(e learned
and estiltable men wlo hatrdivined andl fosteretd his talents. 'Mahlalilie Legtedre
continullued to test ifv tihe interest lwhichl her lhutsand had exhibitedt twarls pupils
oif the P.,lvte.hllni; school, who hal, l.ened to l,(e scacntily aendoswed wiith tlle gifts
of fortlir(e anld paid ill succession thie charges of several of the.li. llavinl
b'ec',.li' p,-...se'sor oft lat e A fthelost(liti.se works whichIM. la-.renttldr ha
printed at his own exlInse, slle distributed them literally, in ordlcr that tlby
light wlore prompltly subserve the advancement of science; and the year lifore
her dect.ease shll ItrseIntetd, through the Bureau of pliulic instruction, 40 copies
(f the Theory of elliptical fulctionis to the principal libraries tof Vrance, a
donation, for which thaluk were addressed to her by the worthy linli.ltr 31.
Fortoul, in the nameu of the state. At her own deatl, in l8u6, ble dtevi.s l to
the (com' nunit( o(f Auteuil, for a vic:arage and school, the country house ill whic'.
bhe lhad last lived with 3M. Legendre.

Full of devotion alnd admiration for the memory of one whose naime it had
1een her huppinel.ss adl pride to inear for 64 years, ilse preservdl to her hiast day

an unuafltctel lund religious res'ct foir all that had pertained to him.lTe
survivotr ,if 31. Le.geldre for 5 years, sie died at a wsoiewhat more adtvauctl
age than lic, frion the effects if a blg and cruel malady, algaillst which she
.exrterd the force andrlesignation of which lie iad given her tlh lemeic xamllle.
ciehadlha ot rll lher family, allied to that (,fot r ccIlebrated painter Rlolert l .te re,
amld haviCg never had; children, shie expired at tllh age of b:, surrIouAe.l l l,y the
pious ca:ure of iKrsons wh1,l the graces ,f her nind and lr constant a:li:alility
hallituallyl assembled uroutdilhe.r, aned let, have preservedforrlhr cr meory a
filial attachmenlelt. With her, comlpletely (liiappiearedl a name ill which '1raetc
will never cease to ride itself.

Lalyrcualy was the reformer of analysis. lBy rendering more evident some of
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the asesw of that science, ho hIa conferomr upon it greater force, at the same tilo
that ,v hi4i itmmortal diseoveriel ie has extended its d(o.lin. Ouo of our greatet
gpumsItI. rs h1as dwelt with admiration on tll perfection of his analytical style.·
Clear and smntMtl as the vrses of Rntaci, the formula of Lagrange lave aug-
iewntcd tlhe unllxer of the alepts of science, while they have tacilitatdl their
lalmer.. aIJt,'e, in applying to the laws of the universe the faculties of a
Leiomltcer »of the tirst order, advanceC a claim to uconsildered as tlh lawgiver
'If tlhe c.lesti:al niovveellncit ly his vast acquisitions in the eomlirc of nature, ie
Ia earlm.edt title to ho styhl tho Newton of France.f Letendre, umote pro-
ftnnl thlnpllo lar, was our Enler; like Eller and after his example, ho has

jl".i:Lttlield to, tilo fitltro a tultitttlo of those analytical results which genius
alo.l knows how to obtain, and which eurich in perletuity tho domain of the
hni}.:# itit.lleht.

Cliirlult, fd'Alcklwrt, Euler wero tho continuers of ncfwton and I.bmnit.
After thlltm, Lwgrange, Lapwe. Legejcndrc have held with a grasp not lehs finn
tlte se'j trt, of natlheuuatics. 'Tho Acadleny umay bo congrutulated that it 1ha
toulltIel in its ranks andl can still count atat to preieut lday wore than ono sue-
cesir of tlh'.tq' great imen.

' In iis uovgf of Laplace, pronounced June 15, id'9, before the Academy, where M.
LUeli.dre stiil 'occupied a seat, M. Fourier took occasion to make some interesting remarks
on the dinooveries of Lagrnmg and the character of his works. The following words occur:
"'All hi, rtntheltiaical compositions are remarkable for a singular eleganco, for the sym-
metry (tf form and the geuerality of methods, and, if we may so ay, for the perfection of
tLe unalytic style." (Md o. dd I'Acd. d Sciutu,.c,t. 6, 18r30.)It iu s M. Cuvier who, in one of his academic discourses couferred on hin this proudqulificatiun.
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BY 1118 sox, F. A. PELTIER.

IThA"ILATD FOR 1 SXITruiaIXU USTITUTION DIT . L. W,0D.]

[The following sketch of the life and labors of Peltier by his son, though
perhaps warmly colored by filial partiality, scarcely does justice to his chaac:er.
He possessed in an eminent degree the mental characteristics necessary for a sic
cessful scientific discoverer; an imagination always active n suggesting hypo.
theses for the explanation of the phenomena under investigation, and a logical
faculty never at fault in deducing consequences from the suggestions best calcu
lated to bring them to the test of experience; an invention ever fertile in devise.
ing apparatus and other means by which the test could be applied; and, finally,
a moral constitution which sought only the discovery of truth, and could alone
be satisfied with its attainment. Deprived in early life of the means of mental
culture, and not commencing the study of physical science until after the age of
40, it is not surprising that he should have in some cases presented to the world
the results of his investigations in a form little favorable to their proper approe
citation; or that, considering his antecedents, the savants of France should not
have conceded to him at first the honors to which he was justly entitled. Accord.
ing to Bacon, foreign countries like future times are the dispensers of justice;
and this is verified in the case of Peltier, whose labors were more highly prized
in Brussels than in Paris, and whose more important contributions to science are
found not among the memoirs of the Imperial Academy of France, but among
those of the Royal Academy of Belgium.-J. H.]
Jean Charles Athanase Peltier was born at Ham, in the department of

Somme, the 22d of February, 178.5. His parents were poor, his father follow-
ing the trade of shoemaker in the town of Ham; but if they were but poorly
favored by fortune, they were well endowed by nature; the father of Peltier
being a man of firmrnos and capacity, and his mother an active and industrious
woman.

'eltier inherited the qualities of his parents, evincing at an early age a quick
intelligence, great perseverance of character, a remarkable spirit of order, and,
above all, a love of labor which unfortunately led him to overtask his powers
and consigned him, at a later period, to a premature grave.
He wUa first sent to school to the schoolmaster of the place, who most prob.-

lily only taught him to read and write, lie himself not knowing much beyond
that. lIe was afterwards placed under the care of a vicar, who took him fur a
chorist, taught him French, a little arithmetic, and even a commencement of
Latin.
From this time Peltier evinced a very decided taste for mechanics. At the

age of ten years ho took a clock to pieces, cleaned it, and put it togc4cr again.
At this period also, he gave evidence of that spirit of observation which never
left him. Ouo evening he was on the promenade of the town, earnestly regard-
ilg the heavens; seveCal shooting stars appearing, he followed them with his
eyes with intense interest, not doubting even then that some day he should
have occasion to occupy himself with them more seriously.
From the predilections his son had shown, the father of Peltier decided to

have him taught the trade of clockmaking; to which end he placed him in
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apprenticeship to a German named Brown, who had been taken prisoner at the
time of the first campaigns of the republic, and had subsequently established
himself at Saint Quentin. In character he was brutal and passionate, and tho
young apprentice had much to suffer from his cruel treatment. This natural
violence of character too was much increased by the condition of the political
world at that time; for Brown, loving his own country to fanaticism, most
keenly desired the success of the Austrian arms. This was in 1800; the
moment of the glorious campaign of Moroau into Germany, and the second con-
quest of Italy; andt the year of Marengo and Hohenlindon. Every day that
teo paper brought news of a victory-and at that time this was of frequent occur-
rcnc-thero was redoubled bad treatment and vexation for Peltier. Nor wa
this all: Brown, who himself had no fondness for study, refused to his appren-
ico this privilege, and this was an additional means of tormenting him. For
some little timo Peltier, the day's work being done, would read in his chamber
by the light of the candle furnished him; but Brown, discovering tlis, forbade
tio use of one. By the strictest economy lie now procured the coveted light
from his own scanty means, and continued to read at night; but this also was
}lroitited. Forced to yield, Peltier at length watched for the nights when the
moon shone clear, and opening his window softly, would thus read a few pages
by stealth. This,,t rown managed to prevent. Apprised of these facts,
l'cltier's father withdrew his son from this uncongenial domicile and succeeded
shortly afterwards in dissolving the connection.
Peltier had been t- o years in Saint Quentin. On leaving this placo he went

to Paris, where ho became apprentice to a clockmaker by name of Idatra, whohimself worked for the celebrated Brcquot. This was at the :lose of 1802.
The father of Peltier, who hald never been to Paris and had no idea of the

exlpnse of living there, only allowed his son one franc a day for his support.With this pitiful sum the poor boy was to provide himself with boadl nnd loading.
Compelled to suffer many privations, eltier appealed several times to his either;
hut lie, judging Paris by his own little town, imagined the increase of allowance
delantded by his son to be meantt solely for indlllgence in pleasure,and refused.
lPltier very soon became seriously ill; and, hurt at the want of confidence
muanifted by his father, forbade his friends to write to him, resolving to aban-
don himself to his illness and to die without informing his parents of his condi.
tium Fortunately his friends took no notice of his prohibition, and wrote to
iis father, who came in tears to find his son and carry him back to his native
country, where he soon recovered.
On his return to Paris, Peltier set himself to work at clockmaking with more

ardor than ever. At the close of 1803, however, he was for a while diverted
from his peaceful occupations by other and entirely new ideas.
'The peace of Amiens had lasted but a short while, and war with England

lad been speedily rekindled; a universal enthusiasm reigned throughout France;
departments, cities, corporations, all vied with each other in oufiring ships,frigates, and even boats for the public service.

'eltier could offer nothing, being without means, but he could give his life,and lie resolved to enter the navy. Not wishing, however, to engage as a com-
mon sailor, he worked incessantly in the holo of being received into the naval
school at]Jrest. Nor was this all; for, not content with his own intentions
tards his country, ho recruited three of his comrades and bound them to jointhe army with himself. For a while all went smoothly; but as the fatal hour
approached, the courage of the three conlrades waned; and when the decisive
uunment arrived, Peltier found himself successively abandoned by lis prosped
lcompanions, and left to execute his designs alone; this he would certainly have
ione but for a circumstance which lho had not foreseen. In order to enter the
uraal school at Brest, it was necessary to obtain the consent of his parents;nd lie had already written them on this subject. His mother, learning his
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dcs',in with the deepest grief, made many efforts to dissuade him from his pur
pose; Ibut in vain. WVhen, however, at last, she received teo news that all was
In readiness for his departure, and that lie only awaited tleir consent, she was
seized with a despair tlat rendered her seriously ill; and the father of lPltijr,
communicating to the son his mother's condition, terminated his letter thus:
"If you persist, I will send you my consent, but it will kill your mother; and
remember that you will have but yourself to reproach for her death." The
alternative, thus put, admitted evidently but of one solution, and Peltier
renouncedl eisdesign.

Released front the ideas which had for a while so entirely occupied hlitn, Pel.-
tier set himself again to work, and it was not long before Brdquet, discerning
his talent, attached him directly to himself as ,workman, and shortly after
intrusted him with the most difficult part of horology--th construction of chro.
nometers.

After remaining about two years with Brdquet, Peltier left him with the inten-
tion of establishing himself in business. For a while, however, lie was on the
point of unitinghimself to Berthoud, who offered him very advantageous con-
ditions; first, a very good salary; second, that at the end of six years lie
should be associated with himself in thle inanuftacturo of marine watches. This
offer certainly merited reflection. After some hesitation Peltier finally refused;
lie would have been obliged to engage for six years, and live in Argenteuil at
a period when communication was not as l)r,,npt inor easy as it is to-day. PIl.
tier preferred his liberty; and, establishing himself in 1800, was shortly after
married to Mademoiselle Dufant. For nine years ho remained honorably
ongaged in trade; retiring from business in 1815, on the death of his mother-
in-law.
Madame Dufant left him master of a very moderato fortune, the proceeds of

which were considerably restricted by tlec disturbed condition of affails; hut
Peltier, having no expensive tastes to gratify, remained contented with it, tlht
ho might from that time give himself Ip entirely to his natural inclination for
study; besides which, energy anld method produced by degrees their natural
fruits; so that towards the close of his lif he was possessed of a compeltency,
which permitted him to occupy himself exclusively with his scientific laborrs.

Thb activity of Peltier's mind prevented hinm from restricting hitusclf to the
narrow limits of his trade; and always whilo studying and working at holro;)y
holwas occupied first with one thing and then another, as the taste or inclination
of the moment prompted him. At tile timie of which we speak, literature anl
literary persons were held in high regard in tile em ire; and Peltier's a.o
inclining him to such pursuits, lie devoted himself, f exclusively to books. lie
read, wrote or dictated constantly; reading while eating or walking; andn
even in the evening, when at work on his tcbelh, listening to his wife who real
aloud. It is thus that he read Voltaire, Itussa:lu, Buffon, tleo Corresltrnlldnce
of Grimm, and tlhe geography of Malte-BlIrln; in shortt , everything that lie
could borrow, the scantiness ol his fortune nott permitting him to indulge in tho
plurhlase of books. lie not only read, but composed. While still at journey-
man, lie wrote a melodrama. Later lie applied hinimslf to the study of poetry,
and has left a comedy in verse completely finished, and has even plbllished a

criticism on the comedy of the Deux Genlrb'cs of Etienne. It was generally in
putting together his clocks that he composed. Leaving his house, paper and
pencilin hand, lhe would, while walking, compose his verses, and when lie had
themn properly arranged in his own iiiinl1, would stop and write them. Tl'e
real ient of I'eltier'nmind was rather towardstirle sciences and severe studies
than literature or poetry; but lie yielded for the time to the ardor of youth and
the fashion of the moment. Still we lined in wlhat he has left real ima:giattion,
and a sprightliness throughout which is extraordinary. In general the versifi-
cation is somewhat neglected; but this is by no mcans surprising, ho very
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often not having the time to review what he had written; but hero, as else.
where, his ideas are not at fault.

Retiring from trade at the age of thirty-one, Peltier resolved to educate him.
self anew. He had doubtless read much, worked much, and exercised his mind
on a variety of subjects; but he had never pursued a regular course of study.
Hle determined, therefore, as the firt step to make himself master of Latin, and
at the same time to teach it to his little son, then aged seven years, and wlom
lie had, since his sixth year, taught English. Wishing at the same time that
he taught the Latin to perfect the child's English, he bought several English
and Latin grammars; but what was his surprise in examining them to find that
they differed essentially from the French and Latin! This difference was the
more singular inasmuch as these grammars, both teaching the same language,should have been entirely alike.

Peltier, not content wit remarking this difference, set himself to work to
ascertain the cause, which he found to be that both English and French confine
themselves to rules for translating their language into Latin. Now when the
Romans taught their clildrcn the rules of Latin grammar, it was by rules deduced
from grammar in general, and not by telling them that such and such a turn of
phrase in French or English should be rendered in such or such manner in Latin.
rhus when we tcacl our children French, we do so independently of all foreignlanguages.
When Pelticr had once seen this defect, ho resolved to write for his son a

grammar in which all the rules of the Latin language should be given in
English. It was in 1816 that ho undertook this work; somewhat later lie took
it up again, but in French; the change from one grammar to hbe other being
but a small matter, tle same language being taught in both, and the same rules
given. Ho worked at this for some time, and made considerable progress; but
it is far from being complete.
When this work was somewhat advanced, Peltier began to write an introduc.

tion for it. Now grammar being the art of expressing one's thoughts according
to certain rules, lie discoursed, in this introduction, of ideas, their ongin and trans-
fornations, thus passing from grammar to ideology. At first it was only his
intention to write an introduction, but little by little his plan enlarged, as the
constant necessity arose of mounting higher into causes in order better to explaineffects. It was first an introduction of a few pages; it very soon became an
entire work. He abandoned it several times, but always seemed irresistibly
drIwn to take it up again.

It was his conviction that all the phenomena of the formation of ideas could
and should be reduced to the simple undulation of the nervous fluid. The sen.
station composed, 1st, of the impression made on an organ,?d(, of the transmission
of thisimpression to the brain, 3d, of the perception effected by the brain, was
only, according to him, an undulation wrought in the nervous fluid, the starting
point of which is any given organ, the stopping point the encephalon; when
afterwards this undulation returns from the brain to the organ impressed, it
becomnes attention; when it returns from the brain to an ensemble of muscles,
and is designed to cause motion, it becomes will. Memory lie describes as a
succession of undulations, similar in nature, and acting upon each other; while
judgment is the sensation ofthe difference between I (moi) previously impressedin a certain manner, and I (moi) afterwards impressed otherwise.

It is far from my intention here to enter into any detail on this subject. Suf-
fice it to say that ideology is one of the sciences on which he was most often
engaged, and in which he has advanced the newest and most original ideas.
Unfortunately his work on the subject is very far from being finished.

Prepositions are the most difficult parts of speech to define, and have very
much perplexed all grammarians. Expressing the relations of persons and
things to each other, they form oneJf the most abstract points of grammar.

11 s
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We easily conceive of a noun; it is the name of a person or thing, or else the
generalization of a quality; we understand an adjective or verb; but a prepodi-
tion is infinitely more difficult of conception; it is neither an object, quality, nor
act, but a relation between all these ideas; it is, in short, a something completely
intangible. Led by his ideological studies on the one hand, and his studies of
Latin grammar on the other, Peltier undertook, about the.year 1820. a treatise
on Latin prepositions. To this he applied himself assiduously for several years,
and finally completed it. In 1826 ho even had some thoughts of submitting it
to the press, but, led off by other studies, lie soon renounced his intentions.
At the time that Peltier was studying the formation of ideas with such care,

Dr. Gall had opened his public courts in Paris, in which lie expounded his theory
of the development of. the brain, and the localization of the faculties. Peltier,
perceiving in an instant of what immense advantage such knowledge would bo to
uim, studied with assiduity the lessons of Dr. Gall and became, and to the close
of life remained, his zealous partisan. Not that lie thought the localization of
faculties as maintained by Dr. Gall incontrovertible; lie had not implicit faith
in all lis bumps, (to speak after the usual manner;) but he (lid believe sincerely
and with reason in the fundamental principle of Gall's doctrine; that is, in the
relation which exists between theo mental and moral nature on one hand, and tloe
development of certain parts of the enceplalon on the other.
The confidence lie had in the principle of this doctrine, however, did not pre-

vent him from pointing out a few errors of detail. He made several objections
to Gall himself on his cranioseopy; one, among others, having reference to tho
organ of perfectibility, and another to comparative sagacity. On this slibject he
wrote as follows: "I have never been able to understand how there could be
an organ of perfectibility unless it should be made the centre of all the intellec-
tual organs, which would be an entire subversion of your scientific principles.
Mathematics, metaphysics, music,, having each its particular organ, perfectibility
cannot be a separate, universal quality; it can only be a greater development
of a particular organ. Neither have I been able to comprehend the organ of,
comparative sagacity. All judgment is the result of a comparison; theilathe-
matician compares and judges; so also the painter, the mechanic. Our knowl-
edgedoes not come but by comparing and judging. The organ of comparative
sagacity, then, is one that encroaches upon the others, and that is directly opposed
to your theory of the localization of the faculties." The reply of Gall to these
objections was far from being satisfactory.
The study of Gall's theory had made Peltier feel the necessity of studying the

anatomy of the brain. This necessity once acknowledged,he set himself to
work; he went into the amphitheatres and dissected like a novice, although he
was at that time about 36 years ofano. lHe did not, it is true, pursue the study
of anatomy so far as is necessary for a physician or surgeon, but he studied
enough to understand thoroughly the nervous system of lnan, and to lave suf-
ficiently correct ideas of all his other organs. ' hie gross dissection of the brain
and nerves showing him almost nothing of their inmost structure, Peltier endeav-
ored to study them with magnifying instruments. But man stands highest in
the scale of animal beings. Instead of studying the construction, assimilation,
and life of so complex a being, it is much more rational to study them in beings
of more simple construction. Transparent insects will perhaps lot the secret of
their existence be seen. Thus Peltier was led to apply himself to microscopy.

Perfectly insatiable in his desire for knowledge. Peltier attended at the same
time the lectures of M. Flourens at the College do France, and the experiments
in vivisection of M. Magendie. Electricity was just rising into great favor with
physiologists; all was a.tempteed to be explained by it.M. agendio made
dogs and rabbits digest by electricity; according to M. Dumnas, muscular con-
traction was but electro-dynamic; nothing seemed able to resist its power, not
even the generation of beings, the males being powerfully charged with positive
electricity, the females consequently with negative: it was a general mania
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What is electricity t Peltier had now come to the study of this science-a

study which was to occupy him exclusively during the last twenty years of hli
lile, and on which he has left such a profouud impress of his genius; but we see
what detours he had made before arriving at this point, and what road he had
travelled.

I have entered into these details because they seemed to me to offer some
iinterest; we see in them the gropings to which a vigorous mind may give itself
np bleforo arriving at what is destined to constitute one day its stu(ly from pre-
dilection. 'lhe course followed by Peltier is, besides, I think, rooted in the
very nature of the human mind; it is always towards the most abstract and
complex ideas that man at first and from choice directs his studies; it is not
until later, and little by little, that, instructed by experience, lie at the sano
time simplifies and restricts his researches. History bears ample testimony to
this. In the middle ages, on the revival of letters, men were occupied but with
questions in metaphysics-the nature of the soul and its faculties-Cand as if this
were not sufficiently beyond their powers, they discoursed even on the nature
of God. It was not until some time later that they consented to descend from
these heights and study the material world: first the living world, anatonl and
physiology; and lastly the inorganic world, physics, chemistry, geology, &c.,
& s.;so true is it that associated lmen, or the people, take but the same course as
isolated men, or individuals.

It was about 1825 tlat Peltier commenced seriously to study physics; until
that time indeed it had been to him but an accessory. In 1827 lie bought in a
public market-place an old electric machine and some Leyden jars; theso
were the first instruments ho had at his disposal. At first he amused himself 'bydrawing sparks; he then formed sparkling squares and tubes, and electric junp-ing jacks, and many other amusing objects; a little after he tried more serious
experiments; but lie very soon discovered that this road could lead to nothing.Iy an electric machine, in fact, he could never have obtained other than static
electricity; and static phenomena constantly reducing themselves to phenomenaof attraction or repulsion, and to sparks, are very far from offering the varietyand interest of dynamic phenomena. Weary of these experiments without result,1'eltier very naturally turned his attention towards another source of electricity,
the pile; it was, besides, of the Voltaic pile that physiologists made use in apply
ing electricity to the phenomena of life. Peltier therefore very soon bought a
trough pile, with which he made his flnst investigations into currents. Later lie
wade for himself a very great number of these piles.For several years Peltier labored without communicating to any one either his
work or his discoveries. Knowing but little of the world,ho had not had oppor-tunity to compare himself with other nen, and, ignoring completely the real
worth of his intellect, did not dream that lie could do anything worthy of being
known. This diffidence rendered him extremely reserved, and he worked a longtime in profound silence. His first communication to the Academy of Science
was on the 19th of July, 1830, and relates to dry electric piles. The reason of
this communication was as follows: It had been generally believed for a longtimne that dry piles were not capable of giving a constant current, and could not
produce any chemical reactions. In 1830 M. Donnd endeavored to throw lighton this subject by new investigations. In his experiments he carried the number
of couples to 25,000 and 30,000, without, however, increasing the usual size of
the plates. Ho obtained thus phenomena of enormous tension, but could not
get a current which was capable of effecting the least chemical action.
At this time Peltier had already comprehended the distinction to be main-

tained between the quantity and the intensity of a current. He therefore took
up the experiments of M. Donn6, but instead of increasing the number of couples,he increased their surface, and thus succeeded in reddening to the color of turnsole,and in decomposing water by means of a current of tie dry pile. It suffices
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for this that we take from 25 to 30 disks, provided only that their surface be a
little expanded, say from one to two square decimeters. Such was the first si.
entific communication made by Peltier to the Academy of Science: this took
place on July 19, 1830; and Peltier dying October 27, 1845, it was in this
interval of 15 year thut he wrote and published the labors and discoveries of
which we shall proceed to give a rapid enumeration.
At the time that Peltier began to devote himself to experiments in physics,

Nobili was in Paris, having come thither to illustrate his system of static needles
which lie had just invented for galvanometers. Peltier was forcibly struck by
the sensibility which these instruments were rendered capable of acquiring hy
this ingenious modification, and set himself immediately to work to cotltnict
similar ones for himself. A short time afterwards M. Do la Rive commenced hiA
publications on the theory of the pile. This illustrious savant wished to prove
that chemical action was the real cause of dynamic electricity, and endeavored
to demonstrate this by analyzing the different phenomena of the currents by
means of the galvanoucter thus perfected by Nobili. Peltier thus found hinm
self led, on one hand, to the thorough study of galvanolmeters, and on the other
to experiments on the pile and on currents. 'he first communication that Peltier
made to the Academy of Science bore marks of this double impulse. On July
19, 1830, he presented his note relative to dry piles; May 27, 1833, lie laid
before this learned body another note on the quantity and intensity of currents;
July 22, of this same year, he presented them %kith a memorandum on the same
subject; and finally, on March 10, 1834, he made known his galvanometer of
deviations proportioned to its force.

Peltier had naturally great dexterity of hand, which had been still increased
by his practice of horology; further, lie was possessed of patience sufficient for
anly ordeal, never becoming disheartened, and never recoiling before any sacrifice
of time or trouble which could lead to the desired end; and assisted besides )by
the counsels of a distinguished artist, M. Gourjon, he was enabled to give to his
galvanometers a sensibility which permitted him to study the smallest forces, and
consequently to discover phenomena of which ho would never have suspected the
existence had lie had at his disposal only heavy andseligish instruments. It
was thus he discovered that, under certain determinate circumstances, a weak
electric current can produce cold. lie first made known third fact to the Academy
of Sciences, April 21, 1834; later ho inserted in volume 56 of the Annals of
Chemistry and Physics a dissertation on the heat generated by electric currents.

In 1835 Peltier discovered the difference of capacity of the various metals for
each kind of electricity. During this same year lie published in volume 60 of
the Annals of Cemnistry and Phlysics a dissertation on electro-magnetic experi-
ments. Until that time it had been assumed, for simplicity and facility in theo-
rctio calculations, that magnetic repulsion was a force equal and contrary to
attraction. In this dissertation Peltier proves that it is nothing, demonstrating
that repulsion is by no means a special force like attraction, but that it is an effect
of the disagreement of opposed motions sustained in their opposition by second-
ary causes and influences.

In 1830 Peltier again turned his attention to the quantity and intensity of cur-
rents laying before the academy, May 9th, an article on this subject; and this
Ksae year he submitted to that learned body the curious fact of the formation of
several individuals proceeding from a single animal that is subjected to lingering
inanition. He published in volume 62 of the Annals qf Clheistry and P'lysics
a description of the electrometer which he had just invented, and which is cer-
tainly one of the most useful instruments with which he has enriched science;
and he also presented to the Philomathic Society most interesting observations
on vorticelle, on the articulation of the claws of rhizopodes, on the influence of
electric currents in the vegetation and evolution of animalcula, on the reproduc-
tionof arcelle, &c. Finally, this same year, recurring for the last time to the
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subject of the quantity and intensity of currents, he published a resume of his
works on this subject, in volume 63 of the Annals qf Clemistry and Physics.
January 9th, 1837, Peltier presented to the Academy of Sciences a largo work

containing his experimental researches into the various phenomena which concur
in producing the general result from electric piles; the 30th of the same month
ie inserted a note on the dynamic electricity engendered by friction. May 15
he made known to the academy the new hygrometer he had just invented, and
his work on solutions and dissolutions; and, finally, on June 12, he laid before
this same learned body his researches on t1 n difference in the conduction of a
circuit according to the direction of the current; and thus explained from natural
causes a fact that M. De la Rive could not account for, except by admitting, in
electric currents, interferences analogous to those of light.

In 1838 Peltier published in volume 67 of the Annals qf Chemistry andPhysics
an article on the quantity of dynamic and static action produced by the oxida-
tion of a milligram of zinc, and on the relation which exists between these two
kinds of phenomena. Faraday had handled an analogous question before Pel-
tier, and M. Becquerel has treated it since. These three gentlemen have arrived
at this conclusion: that a dynamic degree represents an enormous static force; in
other words, that a galvanometer, despite its apparent sensibility, is an extremely
inert instrument compared with the electroscope. This same year Peltier nado
known the cause ofsecondary currents in liquids; and ie published in the Annals
of Natural Science two dissertations: one on a new kind of floscularia, the other
on the structure of muscles. He also laid before the Philomathic Society his
observations on the zoosperms of the frog; on magnetism by discharges along a
bar; on the displacement of the axis of a magnetic needle during a prolongeddeviation, &c., &c.
In the beginning of 1839, Peltier presented to the Philomathic Society an

article containing most interesting observations on the difference in structure of
the motor and sensitive nerves. At the same time ho published in volume 71 of
the Annals qf Clemistry and Physics a very comprehensive dissertation. This
dissertation is composed of two distinct parts: the first treats of the formation of
tables in regard to relations which exist between the force of an electric current
and the deviation of the needles of the multipliers-and certainly no one waslmre fit than Peltier to do this work; the second treats of the causes of pertur-bation in the thermo-electric pairs and the means of avoiding it. It is in itself
an entire and profound study of thermo-electricity. Peltier examines in this
work the effect of the bulk of the pairs and their number, of the size of tho
solderings the extent of surface immersed, &c.
During the period we have just sketched, Peltier had also occupied himself

with the study of meteorology, although in a cursory manner. In 1835 he placed
on tho househo occupied apparatus for studying the temperature and electric
state of distant media. The apparatus with which he at this time studied the
electric interchange between the earth and clouds was as follows: it was formed
of a piece of copper wire surrounded with silk, and covered over with several
layers of oil varnish; the upper portion of this wire was terminated by a tuft of
platina wire, and was elevated about 25 metres above the earth; the lower end
was also terminated by a platina wire, and immersed in a deep well of 12 metres.
In the midst of the wire Peltier interposed at pleasure either a multiplier of
3,000 coils, an electrometer of his invention, or a simple electroscope of goldleaves. By the aid of this apparatus Peltier soon ascertained that the earth ordi-
narily gave indications of negative electricity; that, in general, there was a nega-tive ascending current, but that in certain circumstances, and especially duringstorms, there was on the contrary very often an inverse current, that is, a nega-
tive descending current.

Later, in 1836, Peltior ascertained that during storms the negative ascendingcurrent acquired at times a considerable force, and then ceased aTtogether, giving
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place to a negative descending current still more powerful. August 6 of this
saname- ear, especially, the storm that lie was observig presented at least 25 of
these inversions. lie even ascertained that these sudldeu inversious did nut take
place in all their power until the rain precipitated itself from the clouds to fall
on the ground; and, finally, he discovered that all storms were negative, but that
the clouds surroundditng tleml were in general of a contrary electricity, and that
this was the reason why the commencement and close of storms always produce
positive signs, while the storm itself gives but negative ones.

In 1838 'eltier noticed a fact which he afterwards often confirmed, namely:
that snow alone never produces electric currents, while on the contrary sleet aild
hail invariably give them. When they ocame with snowit is because it is mingled
with sleet. Finally, this same year, lie called the attention of the Philomlathic
Society to the fact that the earth and all bodies resting upon it are naturally in a

Ilgative state; but that when in a storm the lower clouds are strongly negative,
the earth and all appurtenant bodies, being beneath them, become positive; that
is, they exist momentarily in a condition opposed to their ordinary state; and he
thinks this change of electric state may be the cause of the general discomfort
sufirced by nervous persons during certain storms.

¥We see that Peltier was prfectly prepared by his observations and previous
researches for the study of meteorohlog.lie understood electricity thoroughly;
he possessed galvanometers of great sensibility, by the aid of which lie could
estimate the smallest dynramic currents; he had invented an electrometer which
could measure the smallest static tension; he had already made both curious and
interesting, meteorological observations, and lie needed but some favorable occa-
sion to deliver himself to the study of meteorology with all lis characteristic
ardor. This occasion the water-spout of Chitenay was not long in furnishing.
On June 18, 1839, a water-spout laid waste the property of M. IIerelle at

Chbtenay. The insturance.copany refused to pay damages, alleging that water-
spouts were not electric phenomena. In order to satisfy himself on thislpint
M1. Hlrelle sought I'eltier, whose works had now begun to be known and appre-
ciated. Solicited by M. U6relle, Peltier repaired to the spot and by virtue of
his perfect knowledge of electricity soon determined the real character of this
phenuomenon. He first wrote a letter on this subject to the Academy of Science,
July 15; later, his ideas becoming still clearer. he presented, October 28, a
resumS of his researches, and in 1840 published his Trcatise on Vatcr-sjwuts.
From this moment Peltier found himself engaged for a long time in the sttud

of meteorology; for, in consequence of his habit of never leaving unexplained
a single phenomenon, he felt himself compelled to study the whole science, and
with what zeal lie (lid this we shall now Zo.

February 3, 1840, 'eltier wrote to the academy explaining the fact of the
entire destruction of a manu by a thunderbolt; and the same day laid before them
a sealed package on the grouping of clouds. May 4, lie communicated to this
learned lody observations of great interest, made by aid of an electric kite, on
atmospheric electricity during clear weather. May 25, he made known his
researches on the phenomena which take place in the interior of metallic spheres
charged with electricity, and deduced from them an explanation of the grouping
of clouds. June 1, he complimented the academy by a presentation of his Treatise
on WVater-spouts; and, finally, November 30, he presented them with an article
in which he demonstrated that the electricity produced by evaporation was only
maintained by decrepitation. All these works, however, did not prevent him
from continuing his experiments in electricity and his microscopical researches,
so that, July 4, he presented to the Philomathic Society the interesting observa-
tion of a lucophre produced by efllux; and, November 16, made known to the
academy his experiments on the origin of the zoospertns of the frog.

In 1841 Peltier continued to occupy himself with the same ardor on all that
concerns meteorology; he ascertained the resinous tension of the earth, and dis-
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covered the true cause of the electricity of vapors, (Febrnary 8, communication
to tlhe Academy of Science.) This same year he procured a barometer, and six
months had not passed before lie was able to comprehend the true cause of the
o. illatiions of this instrument, placing in fact before the academy, April 25, 1842,
a sealed package containing the resuum of his researches into the causes which
vary the barometrical pressure. At the same time that Peltier made by his obser-
vations so important a discovery, bo published, in volume 4 of the third series of
the Anatls, his great work on the cause of the electrical phenomena of the atmo-
sphi're, which may be regarded as the fundamental basis of all meteorology; lie
also ascended thle Faulhorn, and there ascertained that mountains are possessed
of all tle properties of forelands, and that consequently their resinous tension is
enormonlus. lie explained the phenomenon of the coloring of mountains; studied
the electrical phenomena of cascades; caught a glimpse of tlhe cause of tile dif-
ferent colorings of clouds; made, with M. Bravais and by request of MI. lltgnault,
ex(pjrinlents on the boiling point of water in reference to different heights; and
finally returned to Paris laden with his numerous materials. Hardly arrived in
Paris, ho gathered together, arranged, and made known all the facts lie had
observed, and published his(issertation on the different kinds of fogs.

In 1843 P'eltier continued his labors, and prepared the memoirs with which
his scientific career terminated.
November 2, 1844, lhe presented to the Brussels Academy of Science his greatwork on the cause of barometrical variations, and his researches on cyano-polar-inictrv; and this same year published in the Archires f Electricity, at Geneva,

his memoir of electrical meteorology. He also made known to the Philomnathic
Society his observations on the electricity of vapor arising from boilers at high
pressure; pointed out tlh different causes of error which might deceive students
of meteorology, and added some points of detail to the general history of water-
spouts, on occasion of the Cetto water-spout.

Finally, in 18453, Icltior made known the cause of the oscillations observed byM. Liagre in spirit levels, and presented to the Brussels Academy of Science his
dissertation on the cause of electrical phenomena, which concluded his scientific
career, and which lie unfortunately did not live to see in print.We have now terminated the principal discoveries made by Peltier in micro-
graphy, physics, and meteorology. All these works, all these researches were
effected at most in 0 years; aind, indeed, it can be said that his meteorological
labors only date from 1839. From having made so great a number of discoveries
in so short a time, it is easy to understand in what a state of intellectual tension
Peltier must have passed his life. For several years previous to his death his
health lhal suffered much; but to all remonstrances of his friends and family he
relied: " I would rather die 10 years sooner and leave behind me discoveries
which will recall my name." In the month of July, 1842, Peltier went to the
Faulhorn, there to make meteorological observations. The sudden change from
a temperature of 30° above zero to one almost always below this point, mate-
riallly affected his health, and, a short time after his return to Paris, resulted in a
sjqll of sickness. His disease was not in its first stages danluerous, being but a

slight intestinal affection, to cure which would have required at this time rest and
(ullct for a few months. But with his character, with that incessant activity which
distinguishedd him, Peltier could not accept repose; he could exclaim with Hoche:
"Give me a remedy for fatigue, but let it not be repose." Another cause there
was which added still to the excessive excitement of his brain: he had laid the
foundations of meteorology; lie had established the basis, and he now wished
to deduce its consequences and ar ply them to the different phenomena of nature.
Nor was this all: it was long since hehad had decided opinions on the nature of
electricity, but never having drawn them up into regular form, he was afraid
death might overtake him too soon for the work; so that, redoubling his energyand activity to accomplish his wish, his relapses became frequent, and his malady
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soon assumed a most serious character. From the year 1844 a fatal issue was
feared, although lie still had strength sufficient to go into Belgium for the pur.
pose of there introducing his various apparatus and his method of observation in
meteorology.

In 1845 the disease continued to make such progress that it was soon impose.
sible not to recognize in it a scirrhous stricture of the intestine; and to this ho
soon succumbed. The day before his death, although exhausted by suffering,
he was still intent upon science-admitting several persons who came to consult
him on the water-spout of Monvillo, among whom was M. Preisser, professor of
chemistry at Rouen, with wllom ho had a long conversation on the cause of the
disasters which had just taken place. In the evening he dictated some lines
explaining the twisting which had been observed on the bark of certain trees; the
next morning ho still retained his consciousness, but, gradually losing it, lied
calmly and painlessly at 9 o'clock a. m. on Monday, October 27, 1845, having
attained the age of sixty and a half years.

Peltier was of medium height and well proportioned; Mid build was somewhat
spare, and his temperament at the same time bilious and nervous; his forehead
was broad and largely developed; his face, something thin at the lower part,
was extremely mobile, the expression of his features being quick and intelligent,
while the contrast between his light bile eyes and heavy black brows gave to
his face a most marked aplcarance. lisa vight was excellent, although some.
what impaired towards the last by his use of the microscope; and he had a deli.
cacy of touch which he found invaluable in his manual labors. In an intellect.
ual point of view there are few men who have been better endowed; his con.
ception was prompt and facile, and ho was at tle same time a man of theory and
of fact., never separating tlese two-a fact being to him but the round of a lad-
der by which he ascended to the cause. It was also often his lot to find in the
discoveries of others relations which they had not themselves seen. Iis passion
for study was incredible; it is impossible to conceive a correct idea of all that he
learned and did, bearing throughout that sound, practical mind which so pre-emi-
nently distinguished him.

In a moral point of view there has been and can be but one voice. It is
known with what violence political passions rage, and how the least fault is held
up to public view as a handle against an adversary. But his political adverse.
ries, even the most bitter, respected and loved him profoundly, for his probity
and loyalty were known and appreciated by all. Peltier had no ambition, or,
rather, lie had but one, and that was science. In 1834 the prefecture of the
Seine offered him the mayoralty of the fifth ward of Paris, and he was given to
understand that the cross of honor would be the speedy reward of his services
in this new capacity; but he refused. Himself maintaining the most decidedly
conservative opinions, he nevertheless could respect the views of his adversaries;
and, although he was frequently engaged in oral strife, those even whom he had
combatted with the most energy could not leave him without regret. It was,
indeed, for every one a day of grief when he died.
On the 29th day of October, 1845, a great concourse of savants and friends

conducted him to lis last homo, amidst the universal grief. Among these were
MM. I lgnault and Milne Edwards, members of the Academy of Sciences; M.
Desbassayns of Richemnont; Dr. Conneau, MM. Bravais and Martins, M. Boutigny
d'Evreux, M. L. Brdguet, M. Donnd, M. Lomercier, M. Frederio Gerard, M. Lesueur,
M. Silberman, M. Doyore, M. Lassaigne, M. BrKon, M. VWc, mayor of the fifth
ward; MM. Converchel and Lourmand, who had been his colleagues in the pri-
mary committee of instruction; the officers of his old company, and many others
too numerous to mention.

Arrived at the cemetery of Pdre-la-Chaise his body was deposited in a proviso.
ional vault, and two discourses were pronounced over his tomb-one by M. Milne
Edwards, as president of the Philomathio Society, of which Peltier was a mem-
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her; tile other by . Frdddric Gdrard, who had known him but a few years, but
to whom the time, short though it was, had sufficod to give a just appreciation of
hid qualities. These discourses were a follows:

DI8COUBRS OF M. MILNB EDWARDS.

"It is not in the midst of the sad scenes surrounding the toml, that we can give
ourselves up to the cold estimations of science, and Judge impartially the works
of a man wLho has long been our colleague. I shall not then eudcavor to recall
here all that M3. Peltier has done for the advancement of human knowledge, nor
to expound the ingenious views which led him to explain and reproduce, by
single experiments in the laboratory, the most sublime phenomena of which the
atmosphere is the scat. lHistorians of science will have the grateful task of regis.
tering his works, and will gladly render him the praise which is his due. But
before tlh earth-clods close over his remains let me be permitted to pay to his
memory this last tribute of respect, in the name of a body of men whose watch-
words are stlud and friendship. The Philomnathi Society will long honor the
memory of 31. Pelticr. We will not forget the frequent and interesting comn-
mnuiicatious in which lie has given account of bis curious researches, and his
namo will be often cited among us when we wish to place before the eyes of our
rising generation examples of disinterested love of science and patient perseve-
rance in the pursuit of knowledge, which may excite them to emulation. The
recital of his life will be pre-eminently instructive to those who, in the beginningof their career, feel discouraged by their isolation, and fear that they can unsup-
ported, acquire neither fame nor fortune. They will see from the exampleof M.l'eltier how, with firm will and undaunted spirit, a young man alone intle world,and without resource except such as is furnished by a powerful organization, can
triumph over the numberless obstacles by which le is surrounded, and conquer, lit-
tlehy little, all that is wanting-instruction, wealth, and fame, all well acquired."Such, indeed, has been the life of M. Peltier; and had not death so ruthlessly
come prematurely to interrupt the course of his labors, so strongly impressed witS
the seal of originality, he would have received the reward due to his merit, for
doubtless his peers would soon have chosen him to be one of the representatives
of that science he cultivated with such 6clat.
"When in a few days our society resumes her labors, she will learn with griefthe loss that I now so deeply deplore; and on the list of members which she most

regrets and loves will be inscribed the name of Peltier beside those other illus-
trious names, Dulong, Fresuel, and Savart."

DISCOURSEOF M. FiRDhRICGiRA.RD.
"It is a noble thought that gathers around a grave the friends of him whose

remains are to be laid therein; it is the last homage we san render to his mom.
ory; and the words pronounced over his coffin, resting deeply engraved in the
mllnd, are an instructive lesson to all who hear them.
"If a pompous eulogium is expected for those who have performed gloriousactions, a few simple and touching words are the fittest tribute to the memory of

that man who has applied himself to the art of living well, and has consecrated
his leisure hours and all his mind to the advancement of knowledge." Such was lie whom death has taken from us before the time at which he usu-
ally strikes those who have passed the critical period of life.
"A few words on his earliest years will show what there was of noble in this

man's life, and will be the highest eulogium we could pronounce over his tomb."

Born at Ham, in 1785, in mediocre condition, but of an honest and intelligent
father, Jean Charles Athanase Peltier was placed, at the age of fifteen years,under the care of a German clock-maker living at Saint Quentin-- hard, unmer-
ciful man. It was at this time that France in arm battled against all Europe;



170 MEMOIR OF PELTIER.

and each time that the public journals announced the success of republican
arms, his wounded national pride vented itself upon his pupil, who experienced
a malicious pleasure in informing him of the reverses of the German hordes.
As he offered to the eager lad but little knowledge, Athanase, impatient of a
yoke which nettled his pride, ran away and went to Paris.

"This was in 1803, when Brcguet held in this city the sceptre of elevated
horology. Peltier, having heard of his fame, presented himself before him
with that naive confidence so precious an accompaniment of youth, and asked
to be employed in his workshop. Struck with the frank and open manner of
the young Picard, the great mechanic granted his request, and placed him under
one of his most skilful workmen. A few years later, the young horologer of
Ham was promoted to a place under Brcguct himself, and very soon intrusted
with his most important works.

'IFortune smiling on his persevering efforts, Athanase became himself head of
an establishment of horology. Untilthat time lie had applied his intellect to
the study only of mechanics; but he then began to feel that this branch, cut
off from general knowledge, could not satisfy him; and so occupied himself
with literature, poetry, and philosophy; this last science especially suiting his
grave and meditative cast of mind.

'Married in 1806, and becoming a father two years later, lie formed the reso-
lution of himself directing his son s education. 'This was for him the beginning
of a new life. Without neglecting his business, lie attended the public courses,
and devoured the lessons of the great masters with the eagerness of a spirit
impatient of all trammels. Gifted with a perspicacity equalled only by his
perseverance, overcoming with giant strides all difficulties, the modest partner
of the labors of Breguet could soon compete with those who had commenced
their life with study, and could discuss with them the most abstruse points in
science.

"At the close of 1815 he quitted his establishment and succeeded his father-
in-law, who had been farrier to the Emperor; but the feebleness of his health,
and his extreme fondness for study would not permit him to accommodate him-
self to a profession which requires more of physical force than of mental; and
hence he was not long in abandoning the situation to return to his favorite
studies with renewed zeal.

In a short time the son of M. Peltier, under the intelligent direction of his
father, began to study seriously, and designed himself for the profession of medi-
cine. Thenceforth thelcarer of the elder Peltier was irrevocably determined;
he occupying himself exclusively with mathematics, physics, and natural his-
tory. lie brought to bear on these studies a cool, clear mind, a sound and severe
judgment and a fertility of resources which characterize the observer; quali-
ties rarely found united in one man; to which he added a skill in handicraft
and a precision which, acquired as they were in his earliest years, enabled him
to make hlis own instruments, and to add to others the modifications necessitated
by their use. He loved to repeat and explain the experiments in physics at
which he had assisted; and, novice at first, he very soon became skilful in
handling the most delicate instruments. He now also began to give his whole
attention to the study of electrical phenomena.

l' eo for a long time followed assiduously, but in silence, the sittings of the
Academy of Sciences; meditating deeply on problems in electricity, repeating,
multiplying his observations, varying them incessantly, and perfecting constantly
the means of investigation.

1830 found him laboriously occupied on these matters, without one single
line having appeared in public to reveal his severe and profound studies. At tiis
time the question of dry batteries was much discussed; this subject roused him,
and, seizing it, he treated it with that accuracy of judlngment which announces a

man habituated to the severest labors of the mind. From 1833 to 1845 was
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occupied by a succession of works numerous and varied on the most obscure
points of electricity. These were never theories a priori, mere playthings of
the imagination, but experiments and minute researches pregnant with new
viel s and marked by the most subtle penetration. The returns of the Acad-
emy of Sciences, the Bulletin of the Philomathic Society, of which he was an
honored member, the public library of Geneva, the Annals of Chemistry and
Physics, all attest his incessant activity.

'Dy'namic electricity and galvanism, that important branch of physics which
is so nearly allied to the great phenomena of life, were to him the object of
numerous researches; but he directed his special observations to meteorology, a
science which so imperiously demands an attentive observer, a skilful experi-
menter, and a philosopher who knows how to deduce results from his observa-'
tions; and on this subject he indeed threw light. His works on the electricity
of clouds, on foes, and his fine treatise on water-spouts, would suffice to- assignhim a distinguished place among physical philosophers had lie not other claims
to the remembrance of the friends of science: I allude to his last works on
electrical meteorology and barometrical variations.
"I shall also call to mind his considerations on ether, in which lie rises to the

greatest heights of abstraction without, however, quitting the stronghold of expe-rience, a characteristic which is observable throughout all his worts."I must not forget, too, to cite his experiments on microscopic life, which form
a portion of his far too limited zoological observations. Studying in them the
phenomena of the production and disaggregation of infusoria, he arrived at a
belief in the heterogeneous origin of all these forms of life. It is pleasant to
follow him in these minute experiments, where we recognize at every step the
rigorous method of the philosopher, and in which lie studies this infinitesimal
life with a happy daring which permits him to read its secrete as easily as the
evolutions of great bodies.
"But a life so laboriously consecrated to study, and so productive of fruit for

science could not be without its sacrifices. The observations made by M. Pel-
tier on the Faulhorn, in 1842, in connection with M. Bravais, laid the founda-
tion of that disease which has to-day bereft us of him. From that fatal periodhis strength diminished, and his body wasted away; but his mind lost none of
its original vigor, and lie ever retained his passionate love for science. It was,indeed, during these last three years that lie published in the Brussels Archives
of Electricity and Memoirs of the Academy of Science his most importantworks.

" Towards the close of this year his health became more and more feeble, andthe disease which preyed upon him soon gave too clear warning of his approach-iln end. He spoke of t without affectation, and with the quiet resignation and
cahm philosophy of one who feels and understands that the g.,al of life is death.

' His extreme sufferings, the prostration of his strength, his ever-increasing
debility, that precursor of dissolution, coulf not diminish the ardor with which
lie still devoted himself to his favorite occupation, even revising and correcting
towards the last the impression of a general treatise on physics, which will
anplar as a posthumous work, and is the last emanation from his great and
iuohle mind.
"'The numerous materials he has collected will not, we hope, be lost to science;and only when we reap the fruit of these will we understand the full extent of

the loss we have this day sustained. Justice will then be rendered him; all
will deplore his untimely death, but, alas! without avail.
"It is bl.t two days since he conversed for several hours with a scientific gen-tleman of Rouen and the proprietors of Monville on the cause of the disasters

of that commune; pointing out to them, with his usual clearness, the part he
considered rhe electric fluid to have borne in this fearful event. This long and
serious conversation, while it aggravated his physical exhaustion, did not pre-
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vent him from dictating to his son his ideas on the cleavage of trees by the
electric spark.

"In men whose life is in their intellect, the obstructions of the physiological
functions have but a feeble effect on the brain; this was, nevertheless, the last
time that his thoughts manifested themselves to those around him. The next
morning his friends found him sinking, but calm; a few hours and he was no
more.

"'Thus terminated this life so filled with labor of which science had the best
and noblest portion. He died firmly believing in the infinite progression of
physical phi osophy, and confident in the bright future of experimental science,
which he regarded as the anchor of safety and truth.

For him is accomplished that terrible phenomenon whose name is death;
but, like all strong men who dare to look beyond, he was prepared."
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NOTICE.

JTRANSLAT]D FOR THG SMITHSOMIAN IWNfTITU10T, BT C. A. ALXANDER.*

I.-MICROSCOPIC RBSEARCHES.

We owe to Peltier observations on certain new microscopic animals. We
will cite among others his observations on a vorticella which, by its form, closely
approximates to that which Muller has called citrine, and, in its interior consti-
tution, resembles the vorticella or umbel of Roesel. We will also advert to his
observations on a new species of floscularia. We shall not, however, dwell on
this class of researches. Peltior, in fact, had never devoted himself to the use
of the microscope in order to discover new individuals; microscopy was for him
but a means of study for arriving at a more thorough knowledge of physiology.
Efects of inanition on the infusoria.-Microscopic animals have, in general,

a very simple structure; still they are often too complex to admit of an advan-
tageous study in them of the different phenomena of organized bodies. Peltier
conceived the ingenious idea of employing inanition in order to rid these ani-
mals of all superfluous matter, and to reduce them to their most simple expres-
sion. The following is the method which should be taken : t On a glass plate
let a circle of tin be glued, and in the centre of this circle place the drop of
water which is proposed to be examined; on the tin circle spread a thin coat of
oil, with the exception of a section of a few millimetres.t This arrangement
has several advantages; in the first place the thickness of the tin does not per-
mit the drop of water to extend itself by capillarity as far as the edges, and
entirely to flow away as ordinarily happens; the liquid remains at rest at the
centre of the circle which circumscribes without touching it; moreover, the circ-ie
of oil delays evaporation. If we closed it entirely, there ensues, in 24 hours,
asphyxia of a great part of the aninalcules; while, by leaving a small space
without oil, the drop of water may be preserved from three to eight days,
according to the temperature and hygrometricity of the air. The animals thus
preserved in a drop of water will have soon exhausted all the nutritive matter
which it contained, and a succession of very remarkable effects produced by
inanition is progressively brought to view.
In proportion as the drop of water becomes impoverished, most of the ani-

mals give more development and extension to their organs of contact; fre-
quently new vesicles are developed on the sides of the corona of the vorticelle,
and around the cephalic projections of the rostrated cyclida the prot6es become
transformed; and the more as the drop of water has been longer kept. It
eit'lns, in a word, that aliment no longer teaching the organism in sufficient
qluantity, this organism forms a sort of hernia of all its parts in order thus
to reach it. At the same time that the appendages are developed, the body of
the animal is gradually reduced to its elements. Peltier witnessed, for instance,
in the vorticella above spoken of, the following phenomena: at the end of five
or six (ays of inanition, the agglomerations attached to the exterior mem-
brane of the animal diminish in number; when the vorticella is wholly enfee-

Notice urae vieet s trarvau sciwtiqute de J. C. A. Peltier, par onfils. Paris, 1847.
t Anules des Sciences Natreltes, February, 18:. Vol. 9, p. f8.
t The French measures used in this article correspond to the English a follows: the mil-

liiuetre==.03937 inch.; milli nm .0154 grain; decimetre = 3.937 inches; centimetre
Q.3371 inch.; metre= 1.09363 yard.
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bled, it has lost them all; it is then no more than a very thin and diaphanous
membrane in which no organ is any longer perceptible. In this state, all move-
ment has ceased; tile particles of the membrane itself become disintegrated
and the vorticella dissolves globule by globule; at other times a rupture takes
place in a part of the membrane, the internal liquid escapes, and the animal
has ceased to live.

Ilepjroduction qf ibfusoria.-It is known that among the infusoria, properly
so called, reproduction takes place commonly by fissiparity; they continue sep.
rating into two parts, and thus form new beings. This mode of reproduction
is so rapid that a single paramecia observed for some days divided itself four
times in 24 or 30 hours, producing thousands of new creatures in the lapse of a
few days. This generation only proceeds with activity when an exuberant
nourishment is supplied to these animals. Peltier, however, produced by inani-
tion, in a great number of animalcules, an effect analogous to that which results
from an excess of nutrition.

There are species which possess a contractile dorsal vessel, in which we can
follow the progress of the nutritive liquid; such are the digitated naiadae. If
these animals be subjected to inanition, we shall see, in proportion as the liquid
is impoverished, a contraction of the dorsal vessel, which is less stretched out,
and stops where the liquid ceases to arrive, because it has been absorbed by the
anterior parts. When this movement is thus arrested, there will be seen to be
formed, at the middle of the body, at the point where the nutritive liquid ceases
to arrive, and where the contraction of tile vessel stops, two large absorbent
vesicles, which imbibe for tle behoof of the posterior part. As soon as these
vesicles enter into action the second half of the dorsal vessel resumes its contractile
movements; these contractions, be it understood, take their origin in the new

vesicles, and have no communication with the anterior part nor any synchro-
nism with its movement. In front of thce vesicles, a constriction is presently
formed, which increases by degrees, and which ends by completely separating
the two portions, which then constitute two distinct individuals.
The anterior portion, better organized and better supplied with appendages

for alimentation, has more vivacity, more energy, than the other. If we suc-
ceed in preserving the drop of water seven or eight days, the nutritive matter

diminishing more and more, there occurs for the two halves that which occurred
for the entire animal: the quantity absorbed by the anterior parts is no longer
sufficient for the total alimentation, and the posterior part is left in a state of
complete inanition. It was thus that Peltier obtained in one instance a new

separation into two of each of the two former halves, and eventually a new

separation of the two quarters proceeding from the anterior half; the two sep-
arated parts of the posterior half had ceased to live before he could effect a

new separation. The result, therefoee, was the fornlation of six individuals
proceeding from the separation of the parts which the dorsal vessel could no

longer supply with nourishment.
Peltier has verified the same fact with regard to the pustulous kerones; hav-

ing subjected these animals to protected inanition, lie perceived that, in the
middle of the bod, -an indentment was formed which went on constantly
increasing, and finally separated the animal into two parts; the anterior haf
continued to live, it appeared even to acquire new energy by the loss of the
posterior half of its substance, while this latter often died at once, though some-

times it remained alive for a certain interval. In every case, the instant of the
death of the individual restored to lilertv and their own spontaneity the rest
of the globules which happened to be in its interior. Peltier observed also
similar peculiarities in the kidney-shaped eyclida.
M. Dujardin had inferred from his researches that certain animals might be

produced by means of lobes of their substance abandoned by them on the
bodies to which they attach themselves. Peltier has confirmed this idea by
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numerous observations on the common and the scutelliform arcellae. The
mother-arcella begins by extending, under the form of a large disk, a portion
of her membrane. This portion of membrane is attached to the horny shell by
prolongations at regular interv-als. It is at first perfectly smooth, of great trans-
parence, and contains no other substance; when its formation is finished, a por-
tion of the glutinous matter of the mother flows upon it. In one instance Plel-
tier saw this glutinous substance flow too abundantly on the new membrane
and leave but about a sixth of it for the mother; the current now stopped, then
rctrogladed, and an inverse current was established for the benefit of the primi-
tive arcella. An instant afterwards, when the original current had been re-es-
tablished and again conveyed the vivifying matter on the young disk, it once
more surpassed the bounds and left the arcella too much impoverished. It was
not until after five or six oscillations of this sort, the amplitude of the flow
diminishing each time, that a due distribution was effected and the intercommu-
nication ceased. The vascular filament which united the two arcelle graduallybecame thinner, then entirely separated, and two minutes afterwards tlhe two
distinct animalcules withdrew one from the other, both thrusting out their arms
and performing their customary digitations. This mode of generation is cer-
tainly very remarkable; we here see the half of a living creature flowing out-
wardly and forming with this excreted moiety an animal in all respects similar
to the moiety remaining.

Pelticr observed, in 1830, another example of generation by an efflux of sub-
stance still more curious than the former, for here the efliux was not sponta-
neous. Hle had placed between two glasses, under the microscope, a drop of
water in which there was a very large specimen of Muller's vesicular leucophra;
in slightly compressing tle two glasses, the external membrane was broken and
perhaps a hundred of the globules which fill the animal were extruded. Many
of these were scattered about in being projected by the pressure, but others
clung together in a space of small extent. The former remained apart, and
nothing was remarked in them but the tremulous motion of light bodies. The
globules of the agglomerated portion, on the contrary, gradually drew closer
together, grouped themselves, and finally, at the end of an l.our, forced a
sphere whose contour, of a brilliancy inclined to nacreous, indicated the forma-
tion of a membrane. At the end of two hours there was perceivable in the cir-
cumfcerence the reflection of the liquid in motion, and shortly afterwards the
oscillationd of very fine cilia. The leucophra was now complete and presently
revolved upon itself, then spontaneously changed its place and traverred the
drop of water. Thus this little animal was produced externally by the agglome-
ration of the substance which had been made to issue mechanically from the
mother.
Tran.formations of zoosperms.-Peltier had followed with much attention tile

successive transformations of zoosperms, especially those of the frog.* li
shjowel first that the spermatic liquor expressed from the testicles contains, in
winter, only simple spherical globules. As adolescence approaches, and the
season of copulation, these globlles become covered with black points and small
projections, which latter speedily eloncate, forming each a cone, the point of
which appears filamentous and soon undergoes much enlargement; at the same
time the filaments which terminate these ones grow more and more distilict and
pre.enut the appearance of a tuft of hairs. The cones thus terminated by fila-
ments consist of small masses of zoosperms, attached by the head to tile black
points of the central globule, and free in their caudal extremity.
As long as tlese globules swim in their natural liquor, no movement is per-

ceived ; but if there be mixed with it blood from the neighboring veins and
arteries, tile point of the tufted cone partially opens and some of the filaments
which terminate it commence oscillating witll their terminal parts. If blood

"Journal l'lsitUut, 138, t. vi, p. 132. Idem., l840, t viii, p. 32.
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taken from another organ than the testicles be added, the movement is commu.
nicated to a still greater number, the expansion of the tufts increases, the oscil-
lation extends to half the length of the fibrils, and the posterior portion of the
zoosperms may then be perfectly recognized; if a still more heterogeneous liquid
be added, such as river or pond water, the movement becomes general and the
whole body of the filament oscillates. After a few instants, some of these fila-
ments are seen to detach themselves from the primitive nucleus; presently all
successively quit it, become so many complete zoosperms, and leave the parent
globule covered with brownish points where they had been attached.
Once become free, the zoosperms undergo new transformational their anterior

part bends in an arch more or less elongated; this arch, by closing, constitutes
a ring in some and an oblong mesh in others. A little later their anterior part
has assumed the shape of a cupel, fringed with vibratile cilia; but before enter-
ing into this last state, these zoosperms have passed through intermediate forms,
giving them the appearance of different animalcules, by which circumstance
observers have been often deceived. Such, according to the researches of Peltier,
are the successive transformations presented by the zoosperms of the frog.

Structure and contraction qf tle muscles.-Peltier also occupied himself
with the structure of the muscles and the phenomenon of contraction. He even
availed himself of several different methods, that he might study them with
greater profit. Sometimes he simply examined the muscular fibres with the
microscope, sometimes lie proceeded by crushing them on the porte-object glass;
again, he unravelled them by means of the finest needles. He often operated
also on muscles desiccated by heat, for this process also yields good results. He
studied likewise the structure of the muscles in certain microscopic animals
which have muscles in a rudimentary state, and composed of one, two, or three
fibrils. In a word, lie had employed all the means which science could furnish
him, and the following are the results to which he was conducted :
The muscles are composed of distinct cylinders, of a diameter of from 3j to

1a of a millimetre. Seen with the microscope, these cylinders seem divided by
rather transparent longitudinal lines and by darker transverse lines. This
causes them to appear somewhat like an assemblage of small graduated scales
of a perfect regularity. The cylinders in question are formed of fibrils in juxta-
position, while the fibrils themselves are constituted by a tube filled with minute
grains, the diameter of which varies, in different animals, from W to 1 of a
millimetre.

In studying these fibrils it is seen that the globules are ranged in succession
one above the other in their sheaths, that they touch and press one another,
while the globules situated in the same transverse range, and pertaining each to
a different tube, are separated by a double membrane extremely transparent.
When a ray of light traverses a muscular fibre, diffraction takes place quite
around each globule, except at the point of contact of the globules superposed
in the same sheath. It thus forms an image unequally illuminated, being less
so at the part in contact than in the rest of the outline of the globules. Hene
it results that the transverse lines which connect all these obscure points are
darker than the longitudinal lines; and from this we see in what consisted the
error of the physiologists who thought that these transverse fibres were formed
by nervous filaments, wound in a helix around the muscular fibre.
The globules of the elementary fibrils are strongly adherent to one another

and to their sheaths, for it is very rare to find portions of the latter devoid of
their globules.
When certain microscopic animals are deprived of life by long inanition, the

whole contractile membrane is seen to be formed of aligned globules. In this
case also -l.e different phases of the phenomenon of contraction may be followed
with facility. It will be seen that the arrangement in zigzag has here replaced

4Auirs de9 8ciea NIeurels, 2d series. Zoology, voL ix, p. 89.
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the arrangement in a straight serial line. The sheath is shortened in obeying
this new arrangement; it folds slightly on itself, like the finger of a glove whoso
two ends are pressed nearer together. The elasticity of the sheath, however,
readers this corrugation very difficult to be perceived.
On the structure qf the ncrres.-When Charles Bell had published his treatise

on teli distinction of the nerves of the face into nerves of movement and nerves
of sensation, Magendie proceeded to inquire whether there were not something
analogous in the rachidian nerves, and soon thereafter proved, in effect, that the
posterior roots of these nerves presided over the sensibility, while the anterior
roots governed the power of movement. It was natural to suppose that these
two sorts of nerves had a different structure and constitution. Peltier applied
himself to this interesting question, and we will recall the principal facts which
he made public.*
The nerves of sensibility have not a texture similar to those of movement,

and moreover each of them in particular varies according to the proximity of its
insertion in the organ or of its exit from the cerebro-spinal centre.
In removing further from the cerebro-spinal centre, the cellular tissue of the

nerves increases and becomes moro resistant; it circumseribcs more and more the
medullary pulp, and in the end forms for it distinct sheaths. At first there are
but small portions of this pulp thus circumscribed and enclosed in the sheaths;
the rest surrounds them and fills the interstices which separate them. TIho
number of these sheaths continually increases, and the free pulp diminishes in
the same proportion. The nearer we approach the termination of the nerves, the
m(re glutinous does this pulp become and the greater the cohesiveness it acquires.
The nerves which are ramified in the muscles are formed of tubes of about

Tii of a millimetre; tioe membrane which constitutes them is of little consist-
el)cy; at the least pressure it yields unequally, and the medullary substance
which it contains forms varicosities. The* nearer the periphery, the fewer the
varicositics, because the sheath becomes more resistant and the pulp diminishes.
These tubes or nervous fibrils, however, always preserve a considerable part of
their gloullles in line, whatever the pressure exerted on them. Towards their
insention they aro finer, more regular, and more numerous; the globules of the
pulp are there better aligned, their position is fixed, pressure no longer displaces
them, and these nervous fibrils mighlt be readily confounded with the muscular
fibrils, if the transverse lines founil in the latter were not wanting.
Arrived at the muscle to which it is destined, tle nervous filament sends forth,

at variable distances, bundles of elementary fibrils which have become extremely
thin. They are in diameter about jSo of a millimetre, and are only formed of
a series of contiguous globules; scarcely does pressure any longer discover a
little free pulp in their interstices. These bundles of nervous fibrils are dis-
ersed over all the adjacent muscular fibrils, in the midst of which they success-

ively disappear, without our beinv able to see how they terminate. It might
almost be believed tlat the muscular fibril is, as regard a part of its substance,
but a continuation of the nervous fibril.
The nerves of sensibility have a different constitution from the preceding.

They contain less of the nervous pulp in a state of semi-fluidity; onl compression
no vairicosilies are produced; their fibrils are more tenuous; they have, at first,
a diameter of from -I to 51 of a millimetre, but towards the organ in which
they are inserted of not more than from loi to i 1°iof a millimetre. Their
globules are much smaller, being not larger than about l

r

of a mlillimetre;
they are regularly aligned, and pressure does not displace them. These
fiblils often cross one another in their progress. A certain number of them,
united in little bandlets, form, in crossing, lozenges elongated at the point of
their intersection; these bands are strongly adherent, and cannot be (lotached
hut hy tearing them.

* Journal l'InstUt, 83, t. vii, p. 113.
1Xs
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II.-STATIC ELECTRICITY.

Difference of static and dynamic electricity.-Electricity may present itself in
two distinct conditions; it may be in repose or in movement. In the first case
it is said to be in a static, in the second in a dynamic, state. The phenomena
which it produces in these two cases are very different.

This distinction is to be found in all treatises on physics; but no author has
insisted so much as Peltier on the difference-on the almost constant opposition,
indeed, which exists between the phenomena produced by static electricity and
those produced by dynamic electricity; by electricity in repose or in movement.*

Static electricity, says Peltier, is double; each of its forms is collected, con-
trolled, and maintained separately. They do not become manifest except in
this state of insulation and of separation. They may be preserved thus sepa-
rated by means of insulating bodies, and their action then is as enduring as their
insulation. Static electricity is accumulated at the surface; its effects reduce
themselves to the phenomena of attraction and repulsion. When two bodies
are charged with the same electricity they separate from one another; when
charged with contrary electricities they approach one another, &c.
Dynamic electricity exhibits constantly opposite properties. It is not double;

it cannot be collected, coerced, or preserved. To have a constant dynamic effect,
it is necessary that the cause itself should act in a constant manner. It seeks
not the surface; on the contrary, it is propagated through the interior of bodies
and has relations only with ponderable quantities of matter. Like currents
attract one another; unlike currents repel one another. Finally, dynamic elec-
tricity has an extreme diversity of action; it alters the temperature of bodies,
vaporizes or decomposes them, magnetizes iron and steel, causes deviation of the
magnetic needle, &c.
The two orders of phenomena, static and dynamic, are rarely coexistent; it is

only when the current has ceased, through a forcible interruption, that a static
effect appears; so, too, it is only when free course is given to the cause of the
static effect that the dynamic effect is reproduced; but the two effects never are
and never can be simultaneously produced by the same portion of electricity.
When these two effects make their appearance at the same time, as happens in
the case of an insufficient conductor, the portion of electricity which passes pro-
duces only dynamic effects, and the portion of electricity arrested produces only
static effects.

Relation of static and dynamic actions.-Peltier had measured the extent of
the electric phenomena, both static and dynamic, which may be produced by the
oxidation of a milligram of zinc. By causing tbo electricity produced by a

given quantity of substance to pass successively from the dynamic to the static
condition, and from the static to the dynamic, he found that the quantity of sub-
stance necessary, in order to produce the dynamic effect of one degree of a good
multiplier, may yield a static effect of 7,069 degrees of the electrometer of his
own invention, and, moreover, that the static effects which it produces are as the
square of its dynamic effects; hence the quantity of oxidized substance which
doubles a dynamic effect, quadruples the static effect which springs from it.t

Electric capacity of the netals.--Peltier first demonstrated that tile metals
have not equal capacities for receiving the same static electricity from a constant
source; thus, zinc takes and retains more positive than negative electricity, while
the contrary takes place with copper. Goll is likewise more apt than silver
and platina to become charged with positive electricity.t

* see Amale de Ckimu ct de Phyique, 183, t. 67, p. 422: a memoir of Peltier on the
quanittie of dynamic and static action produced by the oxidation of a milligramme of zine.
See also the article Galvanism of the Dwctioneaire UniiMrs. d'Hitoire Nutardle.

* AnoUs de Ckimiefr de P/Yinqru, 183d; memoir before cited.
t Copau-trwadudo 'Acsdmni deu &Siean, 1835, t. 1, pp. 360 and 470.
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After having sufficiently verified this fact, Peltier sought to find whether it was

the consequence of a special force or the result of a permanent electric state,
and he ascertained that in their natural state, or that of equilibrium, bodies pos-
sess different quantities of static electricity, and that consequently the proximity
of a metal which, like platina for instance, is negative in its natural state of
equilibrium, influences the neighboring bodies, rendering them more positive,
and, in consequence, more apt to receive and retain positive electricity. From
this it results that two condensing plates, the one of gold, the other of platina,
influence one another; the platina renders the gold more apt to receive and
retain positive electricity, and the gold renders the platina more apt to receive
from it negative electricity. If these two plates be placed in contact they take
reciprocally that electricity for which they have most aptitude.
We must not confound this peculiar property of the metals with the electro-

motive force of Volta. Contact is here of no account, for the same results are
obtained without contact, only in this case the results are somewhat lessened by
the distance.

After having verified these facts, Peltier expressed them in the most general
manner, by saying that the metals have different capacities for collecting tho
same static electricity from a constant source. But it was impossible for him to
arrive at the cause of this difference. Since that time, the researches of M. do
la Rive, and especially those of M. Edmond Bccquerel, would seem to have suf-
ficiently elucidated the problem. These two savants have demonstrated in effect
that the metals least liable to be tarnished are yet, in reality, oxidized in the
open air; but very slowly and very slightly, which had theretofore prevented
the physicists from perceiving it. The quantity of platina oxidized is unques-
tionably very minute, but the experiments of Faraday, of Peltior, and of Bec-
querel have proved that it needs but the oxidation of an almost imperceptible
quantity of metal to produce considerable quantities of static electricity; if,
therefore, platina is always naturally negative in relation to gold, it is because
it oxidizes to a greater dercee; if it is also negative in relation to zinc, this is
referable to the fact that the zinc employed is always covered with a coat of
oxide which preserves the metal from all ulterior alteration.

Modifications in the torsion balance.-For a long time there was nothing avail-
able for the purpose of indicating the tension of static electricity, except the
gold-leaf electrometer and the torsion balance. The former instrument possesses
great sensibility, but unfortunately does not afford a measure; the latter, on the
contrary, gives exact measures, but has not the sensibility requisite for delicate
experiments; it has besides some serious defects. Peltier adapted to the torsion
balance modifications which eliminated these defects, and designed, besides, an
electrometer which unites the precision and measurement of the torsion balance
with the sensibility of the best gold-leaf electroscopes. We shall speak in suc-
cession of the torsion balance, as modified by l'ltier, and of his electrometer.
The torsion balance, as it was employed by Coulomb, had the inconvenience

of not maiintining in electric equilibrium the two balls between which the elec-
tricity under experiment is distributed. When one of the two loses more than
the other, whether by reason of its own asperities or that of tlh neighboring
bodies, the humidity of the air and the imperfect insulation of the supports
which is the consequence thereof, or through whatsoever other accidental cause,
there results an inequality of action, of which the resultant is no longer the
expression of the repulsive quantities alone; for as soon as the inequality of
charge supervenes, the action becomes complicated from the repulsion of the
similar clectricities, and from the attraction produced by the excess of one of
the balls over the contrary electricity of the other ball, which the former devel-
opes by influence.
With a view to avoid these causes of error, Conlomb took infinite precautions
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to assure himself that during the whole time of the experiment the total lors
should be very small, and consequently the difference still smaller. When the
experiment, however, lasts a long time, and in damp weather, we cannot neglect
this difference in the electric state of the balls, since it involves a considerable
one in the results. On the other hand, there are many experiments in which it
is proposed to measure the successive addition or subtraction of the electric
forces, which cannot be done with an instrument of which the active parts are
insulated one from the other.

Peltier corrected these defects by applying to the torsion balance two import-
ant modifications. In the first place he established a permanent communication
between the movable disk and the fixed ball; secondly, he soldered this last to
a metallic rod which projects laterally, and which, after having left the ball, is
bent vertically in order to receive the condensing plates or any other apparatus.
The following is briefly a description of this instrument:
The torsion balance as modified by Peltier presents at its upper part a micro.

meter, like that of Conlomb's balance. A cocoon thread, devoid of torsion, is
attached to the windlass of this micrometer liy its upper extremity, and bears at
its lower end a metallic needle, terminated on one hand by a proof plane, and
on the other by a balance weight of gum-lac. The needle has on its lower face,
and in the line of prolongation of the cocoon thread, point of platina descending
vertically. This point is immersed in a capsule of glass, into which has been
previously introduced diluted sulphuric acid. Tho capsule is carefully surrounded
with resin, and rests on a plate of copper. This plate may be raised or lower by
means of a bent lever, whose leg is situated without and passes underneath the
footstand of the instrument. The fixed ball, as has been already said, is sol-
dered to a copper rod which projects laterally through the glass case which
covers the instrument, and then rises vertically, so as to receive the condensing
plates or other apparatus. A fine wire proceeds from the rod which supports
the fixed ball, and directs itself towards the capsule filled with sulphuric acid;
having reached this capsule the wire is bent at a right angle, and descends into
the acid. When the instrument is to be used the capsule is elevated by means
of the bent lever; when the experiment is finished it is lowered, and the point of
platina and the wire are no longer immersed in the acid.

Peltier placed, moreover, two graduated circles, one on the footstand of the
instrument, and the other on the upper plano of the casing. These two circles
correspond; consequently, if the visual ray is made to pass by the same degrees
in the two circles, the deviation of the needle may be read without the posi-
bility of error.
Those who are a little conversant with electricity will readily comprehend the

object and advantages of the arrangements hero indicated. By means of these
modifications, in effect, ti tension remains perfectly equal between the fixed
ball and the proof plane, even when the experiments last some time, or when the
electricity which is to be measured is either augmented or diminished.
Ekectrometer.-We pass now to a description of the electrometer of Peltier.*

On a sole or footstand, three decimetres in diameter, is pasted a dial-plate of
pasteboard, graduated to 360 degrees; at five centimetres above the centre of
this dial is the extremity of a rod of copper having a section of seven millime-
tres. This rod is slightly curved, and bends back almost at a right anglo when it
arrives above the zero. It then penetrates vertically into the fxootstand from which
it is insulated by resin; it is there again bent round so as to proceed laterally;
then, at a distance of a few centimetres, it rises vertically to receive the platesof Volta or any other apparatus. On the inner extremity of this rod, just above
the centre of the dial, is soldered a small plate of tempered steel, polished and
slightly concave.

* AdniaU d CAimrn de PhyAnwu, t 62, p. 4't
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This concave surface is destined to receive the pivot of a needle formed of a

very fine copper wire. The needle is a decimetre in length, and is thus equal to
the radius of the dial. Its pivot is soldered to its posterior part; consequently
it must be maintained in equilibrium by a small counterpoise of gum-lac. The
pivot is of tempered steel, and terminated by as fine a point as possible. The
copper wire which forms the needle is slightly curved, in order that its greatest
portion in length may be placed in contact with the rod, and receive from it a
greater influence. To give a direction to it we place at the centre, forming one

body with this rod and with the pivot, a very small wire of tempered steel, very
feebly magnetized, to which is imparted only the quantity of magnetism rigor-
ously necessary to draw the large needle near the horizontal rod.
To obtain the maximum of sensibility, it is necessary that the movable needle

should not be of steel; for however little magnetism might be given it or be
received by it, whether from its position in the magnetic meridian, or through
oxidation, it would act on the particles of iron contained in all the coppers of
commerce, and thus alter the great sensibility of this instrument.
The electrometer is covered with a glass cylinder, the upper flat surface of

which presents another graduated circle, corresponding to the lower circle. In
this way the visual ray passes by the same degrees in the two circles, and thus
no error of parallax is to be apprehended.

Peltier had further added a movable armature. This was a plate of copper,
of the length of the needle, and placed at the same height. It was worked by
means of a horizontal lever, situated below the foot-stand. This armatur' con-

siderably augmented the sensibility of the instrument; unfortunately it some-
what embarrassed the phenomena, and the instrument lost in point of exactness;
hence Peltier seldom employed it.
The manner of using this electrometer is very simple. The apparatus is

placed in the magnetic meridian, so that the needle may touch lightly the fixed
rod. The instrument being thus adjusted, we touch the exterior ball or the
plate with the body charged with the electricity which we wish to measure, and
immediately the needle deviates by a certain number of degrees, which may be
read on the dial. Thus we have results perfectly comparable; the fixed rod and
the movable needle, always in metallic contact, maintain infallibly an equilibrium
of electricity.
However light the indicating needles, their weight occasions a slight friction

on the concave plane which supports the pivot. Tils friction gives to the instru-
ment a small resistance which prevents it from obeying at the instant, when
very weak quantities of electricity are either added or withdrawn. To overcome
this resistance, it is sufficient in general to strike lightly on the table which
supports the electrometer.
For those who have an electrometer, but no torsion balance, it is necessary

that the electrometer should be capable of being transformed at will to a tousion
balance. Peltier added, therefore, to his electrometer different pieces, with a
view of rendering this transformation possible.ndeasy. The pieces are the
following: 1°. A gallows formed of a foot of copper or ivory, screwed in the
pedestal; of a vertical staff of glass, 25 centimetres in length, and of a hori-
zontal bridge of copper, the free extremity of which corresponds exactly to the
centre of the dial-plate. 2°. An apparatus destined to carry the wire and pos-
sessing two very distinct movements-one horizontal and circular, the other ver-
tical and rectilinear. 3°. A silver wire of the utmost fineness, terminated at its
lower extremity by a small cylinder of gum-lac, having beneath it two small
copper hooks designed to carry the needle.
In order to transform the electrometer into a torsion balance, it is enough to

lower the wire by means of the vertical and rectilinear movement above indi-
cated, to seize the needle with the two hooks, and again sufficiently raise the
whole; by this means, in effect, the indicating needle, instead of being sup



182 APPENDIX TO MEMOIR OF PELTIER.

ported by the point of the pivot resting in the steel cup, is suspended by the
silver wire, without being, however, in metallic contact with it, since it is sepa-
rated from it by the small cylinder of gum-lac.
When these changes have been made, the electrometer has become a torsion

balance; only, if we wish to use it as such, it is necessary to withdraw from
the indicating needle the small wire of magnetized steel, or still better, to have
a spare needle for exchange. There remains but one other condition to fulfil in
order that the torsion balance should be completely prepared; that is, to estab-
lish the communication between the needle and the capsule, though with the
exclusion of all friction.

In the torsion balances, Peltier employs acidulated water, because the point
which descends into the liquid is of platina; but here, as the point is a pivot of
steel, even pure water cannot be used, much less acidulated water, for the pivot
would be soon oxidized. Doubtless this communication might be established
by means of mercury poured into the little cup; but this metal is too resistant,
and detracts much from the sensibility of the instrument. There is, besides, an
inconvenience in using it; its resistance prevents the needle from placing itself
perfectly at its centre of gravity; whence it results that the suspending wire,
instead of being vertical, has a slight inclination, and consequently the needle
has a tcnder.cy to fall to one side. The liquid which suits best is a solution of
potash, for this preserves unimpaired the polish of iron and steel, and suffices as
a conductor for the electricity of tension between two bodies in such close prox-
imity as the steel cup and its pivot.
At first Peltier had given to his electrometer dimensions somewhat large. It

was then, in effect, a cabinet instrument; but afterwards, when lie occupied him-
self with meteorology, he perceived the necessity of reducing these dimensions,
in order to render it more manageable and portable; he therefore constructed
an electrometer of small size and very nearly conformed to the proportions of
an ordinary electroscope. This instrument has been also adjusted to the use for
which it was to serve. The fixed rod no longer communicates outside laterally
and by the foot-stand; its interior extremity, that which is above the centre of
the dial, is curved from below upwards, and issues from the casing by its upper
wall; it is then prolonged vertically for two decimetres, and is surmounted by
a hollow metallic ball, eight centimetres in diameter. This is the atmospheric
electrometer of Peltier.
We must not quit this subject without mentioning that these electrometers all

require that a table giving the ratio of the forces to the arc of deviation should
be constructed for each of them. It is the same, in effect, with electrometers
as with galvanometers: their angular deviation is not proportional to the forces.

III.-DYNAIC ELECTRICITY.-VOLTAIC PILE.

Of the pile of Volta and the theory of contact.-The most usual source of
dynamic electricity is the pile of Volta. This is one of the most admirable
instruments with which the genius of man has enriched science, and numerous
physicists have occupied themselves with its theory.

Volta supposed that at the contact of two heterogeneous metals, there is a
force which constantly decomposes their natural electricity; that this force pro-
jects on the one side positive and on the other negative electricity; that the
interposed liquid serves only as a conductor to allow the recombination in the
neutral fluid of the two opposite currents. It was this decomposing power
placed at the contact of the metals that lie called the electro-motive force. This
theory has received the name of the theory of contact.

According to this theory, the liquid acts but as a conductor; an experiment
of Davy's, however, soon evinced the inexactness of this assertion. After hav-
ing constructed a battery of cups, of copper and iron, Davy first poured pure
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water in the jars; the iron became positively electrified, and was oxidized; the
copper, on the contrary, was negatively electrified, and disengaged hydrogen.
In a second experiment, in place of pure water, Davy poured into the jars sul-
phur of potassium; immediately the iron became negative, and disengaged
hydrogen, while the copper became positive, and was oxidized. The poles of
the pile were therefore inverted, and the direction of the current had been
changed with the nature of the liquid body interposed.
Explriment Qf Peltier, proting that there is no electro-motieforce on the con-

tact of the two metals.-We are also indebted to Peltier for an experiment which
completely overthrows the theory of Volta, and which proves, in the most posi-
tive manner, that there is pot an electro-motive force at the contact of the two
elements of zinc and copper. As this experiment is of the highest importance
for the theory of the pile, we sall report it with some details.
We plunge in two sepuate vases, well insulated and filled with the same

liquid, the extremities of a pair, zinc and copper. We first immerse the end of
a wire of platina d in the vase A which has received the zinc, and the other end
of the wire communicates with
the ground. By means of an-
other wire of platina e, which
is kept insulated by a sleeve
of gum-lac f, we successively
put in communication the zinc,
the copper, and the liquid of
the vase B which has received
the copper, with one of the con-

densing plates g of an electro-
meter h. Agreeably to this ar-
rangement, the liquid cannot possess free electricity, since it commlmicates with
the ground, and the zinc can as little possess it, since the electro-motive force,
according to the theory, results from the contact of the zinc and copper. It is nist
thus that the distribution is effected: the liquid of the vase A is neutral, but the
zinc, the copper, and the liquid B, are negative in the same degree. lW place
now the end d of the platina wire, communicating with the ground, in the vase
B, and interrogate, in the same manner, by means of the insulated platina wire e,the copper, the zinc, and the liquid of the vase A, which is then insulated. The
liquid of B is necessarily neutral, as well as the copper which is plunged in it,
but the same is the case with the zinc, which is also neutral; the water of the
vase A alone is positive.
This experiment demonstrates that the electricity of a zinc and copper paAr is

not produced, as Volta thought, bI the contact of the two metals; it proivs
moreover, that it is produced on tho contact between the acidulated liquid A
and the portion of zinc which is immersed. There could be, then, no longer any
doubt about the error of Volta; for, on his theory, the zinc and copper would
be in different electric states, and thli experiment proves, on the contrary, that
they are both one and tlhe other in the same state.

Since the electricity proceeds, not from the contact between the two hcteroge-
neous notals, and is produced on the surface of the zinc moistened by the acid-
ulated liquid--n the surface wsich the acidulated liquid attacks chemically-
everything tends to the conclusion that it is the chemical action itself which pro-
dtlces the electricity. This opinion, proposed for the first time in 1801 by Par-
rot, supported by tthe experiments of Feblroni, Wollaston, Faraday, and BIcqIerel,
was again considered, in 1828, by M. de la Iive, to whom pertains the honor of hav-
ing first made known, in a clear and satisfactory manner, thetrue theory of the pile.Chemical theory of the pile, by de la lIire.-According to this distinguished

* Peltier, nssai sr I c-ordiuatio des causes des pheom4aas Hlectrique.-Memoir of for.
eign savants of the Academy of Sciences of Brussels, vol. 19, p. 34 of the memoir, note.
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physicist, the origin of the electricity of the pile of Volta is the chemical action
which takes place between the acidulated liquid and the zinc. The negative
electricity diffuses itself over the metal attacked, te positive electricity diffu
itself in the acidulated liquid. These electricities are afterwards neutralized,
each on its side, with the opposite electricities of the adjacent pairs, and the
same fact reappears as far as the two extremities of the pile, which alone are in
possession of free electricity. In a well-constructed pile, according to M. do la
itive, there is a neutralization of all the intermediate electricities; all the nega.
tive portions are neutralized by equal positive portions, proceeding from the
pairs in juxtaposition; there are none free but the electricities of the two extreme
elements, and these polar electricities have, in order to become neutralized, only
the arc interposed between them or a return by the pile.
From this it is evident that the quantity of electricity found at the poles of a

battery is independent of the number of pairs, and that the number of pairs
must only augment the difficulty of rccomposition backwards; that is to say,
must augment the tendency of the electricity to combine forwards. But in plhy-
ics it is not enough to advance a theory mor or less satisfactory: it is necessary to
demonstrate it; it is necessary to prove the reality ly numerous and positive cexceri-
Iments which can leave no doubt or uncertainty; it is necessary,in a word, toantici-
pate all objections and answer them in advance. This is what Peltier has done.°
Summary of Pelticr's researches on the Voltaic pilc.-According to Peltier, in

a current there are two very diffl'rent things to be (t; :inguished: the quantity
and the intensity. The quantity is the number of electric perturbations which
traverse a conductor in a unit of tine. The intensity is the power which a cur-
rent possesses of overcoming the resistance of the conductors presented to it.

Peltier, to whom we are indebted for having clearly established this distinc-
tion, has demonstrated by multiplied experiments that in a battery the quantity
of electricity produced is in a ratio with the number of molecules pertaining to
one and the same surface, and undergoing a change in their equilibrium; but
that, in tle estimate of the quantity of electricity which passes by the conduct.
ors in the state of a current, it is necessary to regard the resistance of these
conductors, because these resistances ah:lost always cause a portion of the qlan-
tity of electricity produced to be in return neutralized. He has shown tlat
when the resistance of the conductors is null, the quantity of electricity which
passes by the closed circuit is proportional to the quantity of molecules attacked
.n the same surface.

lie has proved that when a battery is well constructed and the circuit without
resistance, the entire pile gives no more electricity than a single one of its pairs;
consequently that when it is desirable to havo a current of quantity, it is neces-
sary to use a battery with airs of large dimensions.

it was generally thought that in a battery, when one pair was smaller than
the others, this small pair decided the quantity of the whole current. Peltier
proved that this opinion was not wholly exact. No doubt this small pair dimin-
ishes the quantity of the current. In consequence of its resistance, which is greater
lbv reason of its very littleness, it forces a portion of tle electricity which reaches
it to recombine behind it, but it gives passage as a simple conductor to the rest.
By means of positive ex-periments, Peltier has demonstrated that the intensity

of a current, that is to say, the po wer it possesses of overcoming obstacle, is
only due. to the greater obstacles situated behind to )revenIt retrogralatiou of
the two polar electricities by the battery. Now, these obstacles may be of two
sorts: they my proceed from tlhe reduplication in a battery of the same pairs,
or else from a more profound alteration in the state of equilibrium of the mole-
cules. In the first case, the intensity is proportional to the number of pairs; in
the second, it depends on the power of action of the disturbing substance.

* See Anwalt de Chimi. et de Physique, J836, t. 63, p. 245: the note of Peltier entitled
Definition of the words electric quantity and intensity, drawn from direct experiments.
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Peltier has also proved that a current endowed with a great intensity is iden-

tical with a current which possesses but a feeble one, and that these currents of
great and feeblle intensity produce the same effects on bodies when they traverse
them in equal quantities. He lars established, by two series of now experiments,
tio one dynamic, the other static, that in a battery well constructed there is a
lneutralization of all the intermediate electricitics; that all the negative portions
arL neutralized ly equal positive portions proceeding from the pairs in front of
them, and that there are no free electricities but tlose of the extreme elements,
which, to become neutralized, have only the are, interposed between them, or a
return by the battery. Finally, lie proved that it was always by its quantity
that a current acted, but on the condition of being accompanied by a sufficient
intensity; for, without this intensity, the current could not pass in suitable quan-
tity to produce action; the resistance of the conductors would oppose itself to
that action.
We proceed now to indicate the chief experiments by means of which Peltier

has demonstrated tile principles above stated. These experiments are almost
all derived from tioe memoir of Peltier, already cited, on the electric quantity
and intensity.
Il'jxriwtents of Peltier relative to the quantity and intensify of a current.-

If we take a voltaic pair consisting of two line wiires, zinc and copper, immerse it in
common w;tetr, and complete the circuit by a copper wire of the length of 300
metres, there is a continuous current in this closed circuit. If this wire be pr,-
iented above a magnetized needle, the needle will not be deflected from its posi-

tion of equilibrium in the magnetic meridian; the action of the current will not
Ib powerful enough to overcome the influence of the terrestrial magnetism.
But if this needle be surrounded with 100 or 200 coils of the long wire, there
will be at once a notable deviation; if the number of coils be increased to 2,000,
the deviation will extend as far as 60 degrees.
In this experiment, the primitive current has not been changed or altered.

ire have only produced a factitious quantity by conducting it 2,000 times around
a magnetized needle, so that it may act as the primitive quantity multiplied eby
2,000. It is very evident in this experiment that it is by the quantity that tth
power of action has been enhanced, and not by some other modification. It i.,
therefore, through its quantity that a current acts on the magnetized needle.

If, now, we take a thermo-electric pair, zinc and copper of live square mailime-
tres, lieat one of the solderings to 40 degrees, and complete the circuit Ib tlle
sort of multiplier which we had previously fornned, tile needle will be not at all
detlected; the electricity will not pass. But if we retrench 1,800 coils and
shorten the conductor to this extent, the multiplier, now reduced to 200 coils,sill begin to give notable deviations. If we reduce it to 10 coils, the deviation
will be considerably augmented. If, in fine, we reduce it to a single coil,formed of a strip of copper containing as much substance as tho 2,000 coils, the
deviation may proceed even to 60 degrees.

Theo quantity of electricity produced in this experiment by the thormo-electric
pair is evidently 2,000 times greater than that of the above hydro-electric pair,since we obtain the same deviation with a single coil as with the factitious quan-
tity given by the reduplication of the coils. Nor is this all: in the first experi-ment the length of the conducting wiro was easily traversed by the lhydro-
electric current; the inertia of the matter was overcome without diflicultv and
without appreciable loss of the current. In the second experiment tils inertia
could not be overcome; the power of action was insufficient, and it was neces-
sary to reduce the circuit to a very small length for the electricity to be able to
traverse it. There are two quite distinct conditions, then, which we must 1lot
confound: to act by the quantity, or to overcome the resistance of the conduct-
ors by a power independent of the quantity, and which Peltier called intensity,
reserving the name of tenim for static electricity.
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To throw better light on tle nature of these phenomena, Pelticr varied the
experiments. He formed a quintuple helix of 240 coils; in other words, on a
helix of 240 coils he superposed a second in all respects similar, but insulated
from the first, then a third, a fourth, and finally a fifth. This quintuple helix
was so constructed that the homologous ends might be united and then form
but one helix of 240 coils, having five times more of substance; they might
also be united in a battery, that is to say the end of the first might be joined
to the beginning of the second, the end of the second to the beginning of the
third, &c.; forming thus a helix of 1,200 coils, being a helix five times longer,
but having five times less substance than each spire.
When a magnetized bar is placed in this apparatus to produce a current of

induction, results exactly inverse are obtained according as one or the other
of these last arrangements is employed. Suppose that we unite the helices by
their homologous ends, and that we have taken a rheometer of a single coil,
the deviation will increase as the number of helices united by their'homologo.1i
ends; that is to say, as the quantity of substance modified. Thus, assuming
that with one helix we have 5° of deviation, with two we shall have 10°, with
three 15°, and proportionally with five 25°. If we replace the galvanometer
of one coil by a multiplier of 2,000 coils, wo shall have 35° of deviation with
a single helix. But we obtain no more by employing two, three, four, or five
helices, still supposed to be united by their homologous ends.

Suppose now that in place of uniting the five lelices by their homologous
ends, we unite them in a battery, and tlat we make use of the rheometer of
one coil; we shall have 5° of deviation with a single helix, and we shall obtain
no more with two, threc, four, or five helices united in battery. On the other
hand, suppose tlht we employ the rheometer of 2,000 coils, the deviation of the
needle will go on increasing in proportion as we augment the number of helices,
and it will attain its maximum or 90° after the fourth.
Thus we see there is complete opposition between the results, the reason of

which is simple: witl a rhcometer of a single coil, the resistance of the con-
ductor may be considered as null. When the helices are united by their homo-
logous ends, the quantity of substance altered is augmented, and consequently
the quantity of electricity produced. Now, as the conductor offers no resist-
ance, this constantly increasing quantity of electricity passes without difficulty
and gradually augments the angular deviation of tle needle. On the contrary,
when we take a ihlconicter of 2,000 coils, the resistance of tlhe conductor is
great, the quantity of electricity produce( is in vain augmented; no more of it
asses, it retunls backward alnd is neutralized by the electromenter itself. The

sole means of making more pass, is to unite the helices in battery; then, in
efikct, we augment tle difficulties to the retrogradation of the two electricities,
and force them consequently to recombine in advancing. Peltier formed still
another multiple helix, of lwhicl the wires were of different and proportioned
Iagnlitudes. T'he result was still tlat the quantity was given by the mass, and
the intensity by the reduplication of the spires. lie repeated the same exlnri-
nments with themrno-electric and with lydro-electric pairs. These gave analo-
gous results; the quantity depended on the quantity of matter altered in each
element, and the intensity on the number of interposed pairs undergoing the
same alterations. We shall content ourselves with speaking of the results
yielded by the hydro-electric pairs.

In one experiment, five square centimetres of a voltaic pair, immersed in
acidulated water, gave two proportional degrees:

10 square centimetres gave ....................... ....... 40°
15 square centimetres gave .............................. 60°
20 square centimetres gave .............................. 80°

In this experiment the conductor was short and very large, consequently the
resistance might be considered as null; on repeating the same experiments with



APPENDIX TO MEMOIR OF PELTIER. 187
a battery of six pairs of the same dimensions, the samo results were obtained,
and not a degree more.

If, on the contrary, the interposed are conducts feebly, the angular deviation
is no longer proportional to the surface immersed. In another series of experi-
ments, Peltier caused a current to pass into a trough full of water, in which he
could interpose, at pleasure, diaphragms of platina, and he reached the follow-
ing results:

Number of pairs in action. 0 dlapbrafm. I diaphragm.f diaphragms. 3 diaphragm.

I)rqr.Force. Degrec.oDr Ore. Deree Forces. Vkgrert. Forces.
............................. 5 3 3 3 2 1 I
............................ 40 102 21 21.2 14 14 12 1]

3............................. 60 391 32 48.5 24 25 2) 20
4...................... ... 65 519 42 12't 3'4 48.5 .26
5................... .... ........................ 2840 15 31 44
6................................. 55 302 45 1 354

The galvanometer employed in this experiment was an instrument of 430 coils.
The inspection of this table suffices to remove all doubts: as long as there

was no diaphragm, two pairs were sufficient to give 40 degrees of g.alvanomtricdeviation, equivalent to 102 of force; when tlhero wero two diaiphragmms, five
pairs were needed to arrive at theo &amn angular deviation. Whlien there was
one diaphragm, three pairs gave 320=48.5 of forces; with two diaphrangms
there was but 24°=25; to regain the 32° it was necessary to employ ftur pairs.Witli three diaphragms there resulted for three pairs only 20=2;0; for four
pairs only 26==28. To regain or nearly regain tlh 32°=48.5, it was neces-
sary to employ five pairs. In effect, Iy taking three pairs, there resulted, with
one diaphragm, 32°=48.5, with two diaphranms 24°=25, with three dia-
phragms 20°=20. Thus the quantity of the current continued diminishing in
proportion as the resistance of the conductor augmented. Further, to regain thlut
quantity, it sufficed to increase the number of pairs; then, indeed, the resistance
of tlhe conductor was overcome and the same quantity of electricity passed anew.
The inspection of this table proves, therefore, that to have the same number

of degrees after a different number of alternatives, it is necessary to modify tihe
electric source, and that the same deviation can never be reproduced after tho
addition of a diaphraglm, if tlhe iunlmber of pairs be not augmented. The table
shows, also, that the loss of the current is so much less. as the current hlas
already traversed a greater numller of diaphragms. Ttus, we find in tile second
line for two pairs 102, 21.2, 14, and 12. Tl(i first dinaphragm, therefore, has
caused the current to lose -- of its quantity ; the second, ; tile third, I. It is
not, as has been said, that the electricity, better sifted, passes more easilythrough the new obstacles opposed to it; tlie electricity has not changed its
nature, but it is that after having traversed, say two diaphragms, if a third be
presented to it, it has, in order to retrorade, to surmoun1t anew the resistance
of the first two diaphragms; it is no longer simply the obstacle of tlhe batterywhich opposes itself to its equilibration in returning, there are besides thetewo
diaphragms which it has already passed. From this it results that tie moro
hia1hlragms the current has traversed, the more resistance it finds in its return,ani thIe less loss it sustains consequently by the interp4osition of another dia-
p'lragm.
From what precedes we shall readily comprehend the gravity of the error

committed by physicists, and especially by the German plhysicists, who, in their
xpeXlnrimnts on currents, in general only consider the current itself, and take

little or no account of the electro-mnotor. A current, however, is not an ideal
existence which can be divorced from the source which gives rise to it.
Ohm and Gauss have, in their formulas, recognized as a principle that metallic

threads oppose to the passage of electric currents a resistance always directly
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proportional to their length, and inversely proportional to the surface of their
transverse section. It would be desirable, certainly, that this law might be
considered exact; but unfortunately it is not so, for Peltier has demonstrated
that there are very great differences between the losses undergone by a current
which traverses different lengths of the same wire according to the kind of elec-
tro-motor employed; according as we have to do with a hydro-electric pile, a
thermo-electrin pile, or with electricity by induction. Further, for the same
electro-motor the results vary according to the greater or less power of the dis-
turbing action.*

Beply of Peltier to an objection made to tle chemical theory of the roltaic pile.-
The partisans of tile theory of contact had often objected that it is not always
the bodies most strongly attacked which give mnst electricity. How, said they,
should chemical action be the cause of currents, when we obtain by the least
oxidation of zinc in pure water a current suptlior to that given by copper
plunged in nitric acid, which devours it in a few instants t P'etier has supplied
the explanation of this apparent anomaly. t
To have full (nombreux) currents, it is not only necessary that there should

be much electricity pridluced, but, moreover, that the two electricities should be
collected, each separately, at the moment of their production ; this takes place
with the zinc, but does not take place with the copper. When an acid attacks
and oxidizes the zinc, that oxide remains adherent to the metallic plate; the
negative electricity can therefore easily diffuse itself over this last. On tile
contrary, when the acid attacks copper, the resulting oxide does not- remain
adherent to the metal; it falls into the ancdulated liquid, leaving the copper still
bright and clean. Of course, in think; case, there must be a vast quantity of
electricity lost; in effect, the cliemicai combination is no longer accompllihedl,
as in thepreceding case, in contact with a good conductor; it takes place in the
midst of an acidulated liquid; it hence results that the negative electricity is
rccombined, in part at least, with the positive eletlicity which is present in the acid.
What has been said alove explains tlie tiitv of tlhe amalgamation of the

positive elements in batteries; the combination of the oxygen of the solution
not being capable of accomplishment except in the interstices of theo mercury,
the electric phenomenon is enveloped bly a conducting metal, and the resinous
electricity, thus collected from all parts, is propagated through the conductor to
become again neutralized with the vitreous electricity abandoned to the liquid.

V.-CTA.o-POLARIMETRY.
Peltier had occupied himself much with that branch of the physical sciences

which treats of light. It will lbe readily understood that, desiring to penetrate
as far as possible into a knowledge of the intimate structure of bodies, he would
not neglect the study of optics. There is, indeed, no science more useful or

necessary in this point of view, for there is none in which molecular actions and
influences are more distinctfv defined; there is none of which the general theory
is so complete and satisfvin. Independently of nlany other circumstances, this
is referable to a fact which as not perhaps been sufficiently remarked. For the
study of caloric, of electricity, of magnetism, there is always need of instru-
ments, and these instruments, products of our industry and ingenuity, are always
more or less awkward; we must have recourse to tle termnnometer, the galvan-
ometer, the different compasses of declination, inclination, &c. For light, on
the contrary, we need them not;the instrument has been conferred on us ready
made by nature, and is of an admirable sensibility: it is the eye. Peltier had
given, therefore, much attention to the phenomena of light and had perfectly

Peltier: Communicstion to the Academy of Scienceson electric conductibility. Cuompt
rendss, t. 1. pp. t03, lSdi.

t See Corpte rtndus of the Academy of Sciences of Paris, 1837, t. 4, p. 65, and the
Diaitnio ire Unieers. d'Hitoire lat rtUe, article Galvanism.
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mastered them; but he had experimented little, and all that remains to us of
his in this branch of physics is the improvement which he applied to the cyano-
polarimeter of Arago.
Every one knows how much the azure color of the sky varies with the quan-

tity and state of the vapors diffused in the atmosphere; every one knows al.o,
since the discovery of M. Arago and the researches of MM3. Quctelet and Dele-
zeune, that the air polarizes light and that the intensity of this polarization is
not the same at all points of the sky, nor the same for the same point at all
hours. There was nothing, for a long time, wherewith to measure the variations
of the azure of the sky but the (yanometer of Saussure; for the eyanometer of
Arago, as designed by him in 1817, had never been realized. As to the polari-
tation of the atmosphere, there existed for its study only the polatiscopo of
Savart and that of Arago. But the cyanometer of Saussure is a very imperfect
instrument which can yield none but very uncertain results; as regards the
polatisecopes of Savart and Arago, they are both, it is true, extremely sensitive,
but as they are destitute of the means of measurement, they could not servo for
exact observations.
In the sitting of 25th of October, 1841, Arago communicated to the Academy

of Sciences a polarimeter of his own invention. This instrument was the
polariscope proposed by the same savant in 1811, but to which a particular
apparatus had been adapted. The polariscope of Arago becomes a polarimuter
by the sole addition of- one or more plates of glass with parallel faces, placed
in front of the old instrument. These plates are movable. A graduated circle
indicates the inclination under which the light has traversed them, before pene-
trating into the polarisoope, properly so called. The proportion of polarized
light contained in the pencil observed is deduced from the angle at wlicl it is
necessary to adjust the plates of glass in order to perceive no longer dny trace
of color athwart the whole apparatus.
In the sitting just mentioned, Arago had presented to the academy the instru-

ment as constructed and arranged by himself; at a succeeding session, Novetm-
ber 15, he submitted to the inspection of the academy this same polarirmter
constructed upon his model, but executed by M. Soleil; this instrument is known
as the cyano-polarimeter of Arago. Capablle of serving at once as a cyanometer
and polarimeter, it was, beyond doubt, greatly superior to the instumeents pre-
viously in use for studying the variations of the blue color of the sky and the
differences in the quantity of light polarized by the atmosphere; yet was it not
without defects: first, as concerns cyanometry, it wanted several important
means of measurement; then, as regards polarimuetry, it could in reality render
service in only two rectangular planes: in the plane, namely, of the meridian,
and in that of the equator of the aerial sphere, of which the sun is one of the
poles, and the anti-sun the other pole; outside of these two plaun(s, it could be
ofno utility. Peltier applied himself to correct these defects, and completely
succeeded in doing so.

Optical principles of cyanomcery.-If we take a crystal having a single axis
of double refraction, such as Iceland-spar, the beryl, &c., and cut from its mass
a slip of which the two faces shall be exactly perpendicular to that axis, an11
if we then cause a ray of polarized white light to fall perpendicularly on this
slip, so that it shall traverse the crystal exactly in the direction of its axis, the
ray will undergo modification. If we now analyze it on its emergence witl an
achromatic double-refracting prism, taking care to place the principal section of
this lriem in the plane itself of the polarization of the ray, the ordinary image
contains the entire ray; that is to say, the complimentary tiuts are black atid
white, and there is no coloration. Quartz, however, forms an exception to tlis
rule. When, in effect, a ray of polarized white light is made to lass through a
lamina of quartz (rock crystal) cut perpendicularly to the axis, and this ray, as
in the previous cas, exactly follows the direction of the axis, if we in like man-
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ner analyze it at its emergence with an achromatic double-refracting prism, we
shall see two images always colored and presenting complementary colors which
change when the bi-refracting prism is made to revolve. The reason of this
difference is the following:
A ray of white light polarized is a ray of which all the constituent colored

rays have vibrations which are always executed in the same plane. Now, if
such a ray be made to pass through a crystal with a single axis, the planes of
polarization of these different rays are not modified. 'The colored rays issue
from it as they had entered, and consequently the bi-refracting prism employed
to study the white ray at its emergence can produce no other phenomena than
those which it produces with all ordinary polarized rays.

It is not the same when quartz is employed. This mineral, in effect, has the
property of deflecting the plane of polarization of the different-colored rays
constituting the polarized white ray. The lamina of quartz turns these different
planes around its axis, so that the planes might be said to follow a spiral situated
within the crystal; the plane of polarization of the red ray is the least deflected,
being that which makes the smallest angle with the primitive plane of polariza-
tion; on the contrary, the plane of polarization of the violet ray is most deflected,
being that which makes the greatest angle with the above definitive plane. It
is thus seen that in the deflection of their planes of polarization, the rays follow
the order of their respective refrangibilities, beginning with the least refrangible.
When, therefore, the polarized white ray issues from the lamina of quartz, the
colored rays which constitute it have each their plane of special polarization-
have each particular and different planes in which their vibrations are performed.
When we proceed, then, to analyze such a ray with an achromatic double-refract-
ilg prison, the colors are distributed in unequal proportions among the ordinary
and extraordinary pencils, which consequently produc colored and complimentary
images.Tilie planes of polarization of the colored rays which have traversed the axis
of a lamina of quartz deviate from their primitive position by a quantity propor-
tional to the thickness of the lamina. They exhibit a double angular deviation
for a double thickness, and, at the moment of their emergence they present pre-
cisely the position in which they would occur if they had been nade to turn
uniformly iu the same direction around the axis during their transit through the
lamina. From this it will be seen, that by giving to the lamina of quartz a

sufficient thickness, the primitive plane of lpoarization of a ray might be made
to turn even several semi-circumferences. 'his shows that there is a fundamental
difference between the action of the quartz on a polarized white ray, and that of
a prism of glass on a ray of natural light; it is, in effect, that the first is a molec-
ular action, while the second is due only to the difference of refractive power of
the surfaces.
By giving a suitable thickness to the lamina of quartz, we may obtain, there-

fore, such a tint as is desired for a given position of the principal section of the
prism. M. Arago ha, with reason, chosen the thickness which gives a pure
blue of the second order in the ordinary image; this thickness is in general from
six to seven millimotrs.

It results from what has been said, that the intensity of the blue color in the
ordinary ray depends upon the perfection of the polarization of the ray which
falls on the lamina of quartz, on the thickness of that lamina, and on the posi-
tion of the bi-refracting prism. For a constant thickness of the lamina and an

equally constant position of the bi-refracting prism, the intensity of the color
can, therefore, only depend on the greater or less perfection in the polarization
of the incident ray; in other words, on the relativepolarization of that ray.
Now, when the pile of glasses in the cyano-polarimeter is perpendicular to the
incident ray, the polarization is null, and consequently the coloration is equally
null. The more the pile is Inclined and the incidence of the ray oblique, the
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more perfect is the polarization and the moro intense the blue color of the ordinary
ray. For a pile of eight glasses, the polarization may be considered as perfect
wheu the ray of light reaches it under an incidence of 10 degrees; it is at that
itint, therefore, that we should have the most intense blue, and it is evidently
tlis angle which might servo as a point of departure, were it not for the circum-
stance which I am about to mention. The pile of glasses transmits, in effect,
ouly a part moro or less considerable of the incident light, and reflects the rest.
No;, when the incidence of the my is too oblique, the quantity of reflected
light is s, much augmented that more is lost in vivacity of color by the reflec-
tion, than is gained by the perfection of the polarization. There is, therefore,
an angle at which the polarized rav gives a maximum of the image; that point
paied, tile ray still gains in polarization, but loses considerably in brightness.
It is thought by most authors that this maximum is obtained when the pile of
glasses makes with a perpendicular to the ray an angle of 55°; in other words,
when the ray reaches the pile under an-incidenco of 305° It is in fact under
this angle that we obtain the maximum of absolute, but not of relative polari-
zation.
This is the angle also that Poltier has taken as being that which gives the

maximum blue. I confess, however, that it has nppwared to me that we should
still gain Iy continuing to incline the pile. Weo lose, it is true, a little in light,
but to me it las seemed that the blue tint became more pronounced. I think
that the anglo which gives the maximum of coloration is rather between 25° and
30° than at 35°; it may be, however, that this would vary according to the indi-
vidual.

Optical principles Qf polarinmcry.--Y o now pass to polarimctry. In researches
on this subject, the observer is always supposed at the centre of a sphere of
which tle sun is one of the poles and the anti-sun the other. 'his sphere has
its meridian and its equator, endowed with the properties which characterize
those great circles.
We will suppose, then, the axis of the objective tube to be in the plane of

the meridian, tlhe pile also, and moreover rectangular with the incident ray; we
will suppose, in fine, that the index of the ocular points to the zero of the
graduated circle. If now, by means of the vertical joint, the objective tube be
carried successively to all points of the meridian of the optical sphere which we
are considering, the following is what we observe: the rays proceeding directly
from the sun and those little distant from them give no signs of polarization,
and consequently no coloration in the images, but in proportion as the angle of
the radius vector with the direct rays of the sun is enlarged, the signs of polar-
ization supervene and coloration makes its appearance. The extraordinary
imago takes the blue color, and the ordinary image assumes the orange-yellow
complementary tint.
The intensity of the tints increases up to about 90°, that is to say, to about

the point of intersection of the meridian and equator; thence it decreases till
about 150°. This number attained, we find tile neutral point for whose discov-
ery we are indebted to M. Arago. ·Beyond this, polarization is again reproduced,
but in an opposite direction; that is, the plane of polarization of these now
polarized rays is perpendicular to the plano of polarization of the preceding;
conaseluently it is no longer the extraordinary image -vhiclh is colored blue; it is
the ordinary image.
This singular change in tlhe plane of polarization of the reflected rays8esults

from the circumstance that that portion of the sky no longer reflects the rays
proceeding directly from the sun in so great quantity as the rays proceeding
from the different illuminated points at the horizon. Consequently the neutral
of M. Arago evidently results from the union of equal rays polarized rectangu-

* Peclet, Trait de Phiswue, t 1439, p. 447.
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larly, for such rays conduct themselves like the rays of natural light. M. Argo
has remarked, moreover, that this point does not always correspond to the ver-
tical plane passing by the sun, but that it is sometimes found diverted to the
riglt or to the left, when the reflection is altered in one of the reflecting sectors,
whether this alteration proceeds from the presence of clouds, or from that of
diffused vapors, or from the neighborhood of a mountain, &c.
We will not enter into further details on this subject; it may suffice to direct

the reader's attention to the original researches of M. Arago, as well as to those
of .MM. Quetelet and Delezenne.1 It may be stated, however, that a second
neutral point has been found by M. Babinct, about 30° above the setting sun,
and a third by Mr Brewster, below the setting sun; but theew two neutral points
are rather difficult to be observed. All these neutral points, it may be alded,
exist only in the meridian or in the great circles but slightly remote from it.
We have supposed that the pile was placed in the plane of the meridian, and

that it presenteditself perpendicularly to the incident ray. If during the move-
ment communicated to the eye-glass along the meridian, we incline the pile on
the axis of the luminous pencil, the intensity of the colors will be seen to dimin-
ish; in a word, the pile then depolarizes the atmospheric ray. It depolarizes it,
however, unequally, according to the direction that is given to its inclination;
for if it is incined towards the sun it depolarizes rapidly and completely, while
if it is inclined in the other direction, towards the opposite pole, it depolarizes
much less and often. very little.

If now the tube of the eye-glass be turned in its collar, so that the plane of
the pile shall Ibe perpenilicilar to the meridian, and if, in this new position the
pile be inclined on the incident ray, the intensity of the tints is augmented,
instead of diminishing as in the previous case. Thus, in the first position, that
of the pile in the plane of the optical meridian, the pile in inclining depolarized
the raye of the atmosphere; in the second, on the contrary, it adds new polar.
ized rays to th;oe which already existed.

Instead of placing the instrument in the plane of the meridian, the observer
may place it in the plane of the equator; suppose, then, the' objective tube of
the polarimeter in this latter plano, and that the pile also be in tohetam
plane, and thus presents itself perplendicularly to the incident rays; if now we

direct the instrument in succtcssion to all points of tihe equator, from the naxi-
mulm point, which has its place on the meridian at the intersection of these two

great circles, to the horizon, we shall find the extraordinary image colored Ilue:
inoleover that it preserves the same intensity in tle whole line of the equatorial
circle; only in approaching the horizon, the tint becomes a little weakened,
through tile vapors ldifflr d in the strata of air very near the surface of the glolw.
We have suppose tihe pile in the Iplane. of the equator and I'rPlenudicular to the
incident rays; if we incline it on those rays the intensity of the colors is aug-
mented; if, on the contrary, we place it perpendicularly to that plane its inclinla-
tion depolarizes the atmospheric rays and renders the images co'orless.
Thus in the two great rectangular circles which we have L,een considering,

one forming the meridian of the optical stphre and the oth,3r its eqtlator, the
extraordinary ray is blue, the ordinary ray las the complementary tint, orange

yellow; the pile adds to the atmospheric polarity when it is parallel to the
equator, while, on the contrary, it depolarizes when perpendicular to it. As to
the horizon, if we examine it at the moment of tih rising or setting of tlh sun,
it will I)o found that the coloration is null for the rays which proceed directly
from that luminary; that it increases up to about 90°; that it then diminishes til
about 180°, where it is at its minimum; that it recovers anew till about 270°,
where is found a second maximum, to again disappear when it falls within the
too direct rays of the sun.

* Seo the CorretoMdanice MKtAmatiqul Jo M. Quetelot, t. 1, pp. i'75 and 33j.
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From the above, it is seen that tie maximum of coloration is always found in

the extraordinary image, with the sun at 90°. Now, it is evident that this should
be so, since the anglo of maximum polarization for the air is precisely at 45°.

If we look with the objective tube of the iwlarimeter towards a point of the
heavens situated outside of tile optical meridian and equator, the blue of the
extraordinary image is altered; it becomes violet, or else green, according to
the direction of the displacement. This change in the tint of the images pidi-
cates an equivalent change in the plane of the reflector or polarizer. 'o regain
the blue, it is necessary to turn the bi-refracting prism by an angular quantity
equal to the supposed angular deviation of the reflector, with a view to replacing
the principal section of the prismi in the same relation that it had with the plane
of the polarized ray before tiis deviation of the reflector; we therefore turn tile
ocular tube which bears the Ii-refracting prism, until we shall have recovered
the blue; then we carefully note the number of degrees by which it has beenl
turned, for it is this notation which gives the position of the plane of pohlriza-
tion in the point of the atmosphere which we may be studying. Unluckily, the
rotation which has leen communicated to the ocular to restore the blue of the
extraordinary image, has at the same time destroyed the liluo of the ordinary
image which proceeds from the pile and from the other lamnina of lquartz-that is
to say, the bluo which is to serve as a point of comparison; it was requisite,
therefore, to find the means of reproducing the normal blue of the ordinary
image.
To attain this result, Peltier covered the cap of the left and his lamina of

tquartz with another cap, turning with easy friction. In this new cap hle set a
lamina of mica of a thickness sufficient to restore to the image its normal llue by
turning the cap on itself, and placing, by this means the prinlcipal section of the
lamina of mica in the plane n cessary to obtain this restoration of the blue.

V.-METEOnOLOGY.
Introduction.-Astronomical and meteorological phenomena are, beyond ques-

tion, the first which must have attracted the attention of man. Tlhe diurnal
movement of the sin, its annual movement and tlhe periodical return of the
seasons, must have so much the more interested him as they bore directly on his
existence and his material well-lNing. On the other hand. the astounding spec-
tacle of storms, the lightning and tihe thunder, could as little fail strongly to
impress his imagination. Everything, therefore, would lead us to cIIAc1'ulo
that, from the earliest times, mankind have been seriously (cctupied with the
study of the different llphenolmena of astronomy and meteorology.

lit if these two sciences were born at the same time, they are far from having,
made the same progress. Astronomy has long ago attainedil a certaintyv4s great
that it may be considered in this respect the first of all the sciences of observa-
tion; meteorology, on the contrary, is still in its infancy. The reason of this
difference is easily comprehended. 'The movements of the heavenly bloies are
Fsujected to a small nmuliwr of very simple laws, always identical; meteorolo-
gical phenomena, on the contrary, are generated by thle action of a host of dif-
ferent causes, all widely diverse, and highly variable as to their nature, their
mole of action, their power aiti their mutualitnlueice. Buttuis is not all: to
arrive at the point it has attained, astronomy lias liad to ask little succor firon
the other sciences; it ha.s, in some sort, had need only of direct observation for
tile registration of faicts,-and of mathematics for their co-ordination and the
deduction of consequences. It is not so with meteorology, for meteorology is
most frequently only the application of the different laws of physics to a par-
ticular class Iof phenomena, and could not exist in an indejiendent nmamner;
meteorology, therefore, could make no real Iprogress until other sciences, and
especially physics, were sufficiently advanced to constitute a satisfactory body of

13 8
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doctrines. Now, the most important part of physics for meteorology, electricity,
dates back scarcely a century. The discovery of the Leyden jar by Musschen.
broeck and Cuneus dates from 1746, the experiments of Dalibard and of Frank-
lin from 1752; what could meteorology be before that epoch t Evidently it
could consist only of theories, of suppositions more or less vague and unmeaning;
in fact, before that epoch, but little consideration was applied to it. It was
quite otherwise after the period in question; the discovery of Musschenbroeck
had aroused all thinking minds; the analogy between the electric spark and
the thunderbolt appeared evident; all the world threw itself with ardor into
the study of electrical phenomena on the one hand, and of meteorological phe-
nonlena on the other; a great number of savants devoted themselves to the
study of atmospheric electricity, and if tho results at which they arrived had
not at first all the precision that might be desired, they always maintained an
interest which fostered and kept alive the general attention.
The number of savants who occupied themselves with experiments on atmo-

spheric electricity in the second half of the eighteenth century was very con-
siderable. Some of these, like Lemonnier, ltonayne, Read, Schiibler, nade
use, by preference, of fixed apparatus, while others, like Romas, the prince
Galitzin, Musschenbroeck, Van Swinden, the duke do Chaulnes, Bertholon,
Franklin, Cavallo, joined thereto the use of the electrical kite. Beccaria, who
had at first experimented only with fixed apparatus, employed also the electrical
kite at a later date.

'The results at which these savants arrived were most contradictory. Romas,
Galitzin, Musschenbroeck remarked from the beginning that the electric signs
varied with the course of the kite; on the other hand, Beccaria, Read, Scliiul
ler, complained of the little accordance of the fixed apparatus; hence it was

impossible to reach a conclusion even approaching certainty. Yet, as doubt is
always painful to the human mind, it came to be admitted generally, on the one
part, that the air was electrical; on the other, that the electricity of the air
proceeded from the evaporation which takes place at the surface of the soil.
For the substantiation of this opinion, reliance was placed on the old experi-
ments of Volta, Lavoisier, and Laplace, and on the more recent ones of M.
Ponillet. These experiments consisted in projecting water on a body raised to
a high temperature; but it was M. Pouillet alone who had employed a crucible
of platina in place of an oxidizable metal as the other physicists had done. In
these experiments the vapor fotnned, almost always yields electricity, and when
it does so it is always vitreous electricity.
The first thing which Peltier did was to repeat, while he also simplified, the

experiment of I'ouillet, and lie showed that the formation of vapors only gives
an appreciable electricity when the vase has a temperature of at least 110
degrees; that below that temperature the instruments can no longer collect any,
and that, in fine, even at that temperature they can only collect it when there
has been calefaction and then decrepitation of the drop of water projected.*
The high temperature and the assemblage of phenomena necessary to maintain
separate the electricities produced, never meet together in our ambient medium;
never does the vapor, when it rises on the surface of the soil, possess any con-
siderable tension; hence spontaneous evaporation gives no electrical signs,
unless under circumstances wholly peculiar.

SKowntaneous evaporation being incapable of communicating electricity to
vapors, and those of tle atmosphere containing considerable quantities of it,
Pl'tier felt engaged to seek the true origin of that electricity. He recurnld,
thlere'ore, to an old experiment of S:aussure and Ermann, which in their hands
had been barren of results t and as this experiment may be considered as the

'*S the note of Peltitr erstaiued in I'lstitZat, vol. ix, p. 31; and his memoir on atoe-
sylhric clectricitL, Ann. de ('hin. et de plys., 3 series iv, p. 385.
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fundamental basis of all meteorology, we judge proper to recite it here with
some details.
A place is selected perfectly uncovered and commanding all the environing

objects; an electroscope is to be taken furnished with a stem of about four
decimetres, surmounted by a ball of polished metal of a radius of from three to
four centimetres, with a view to augment the effects of influence and to avoid
the efflux of the electricity which may be repelled into the upper part; the
instrument is to be held with one band, the equilibrium to be managed with the
other, in putting in communication the stem and the foot. All the reac-
tions being equalon one part and the other, the gold leaves of the electroscope
fall straight and mark zero. In this state of equilibrium the instrument may
he left in contact with the free air for a whole day under a clear sky without
the least sign of electricity being manifested; it may even be moved and the
air naitated; as long as the instrument is kept at the same altitude it remains
completely insensible. But if, instead of leaving it in the same horizontal stra-
tutm of air, it be elevated from four to five decimeters, the gold leaves are at
once seen to diverge and to indicate a vitreous tension. If the instrument bo
relllace(d at tlhe point of departure the leaves again fall exactly to zero; if it be
sunk lower than this point of equilibrium the leaves diverge anew, but now
thllv are charged with resinous electricity. On raising it again to tlhe point of
delpatutre the instrument resumes its zero, and retains nothing of tlhe free elec-
tricities which it has for an instant shown.

Since no free electricity has remained in the instrument the air has of course
conmnunicated nothing to it, and tle electrical signs which the instrument had
presenltecl proceeded only from the electricity developed in its interior by tile
influence of a neighboring body in proportion as it was brought nearer to or
rellloved flrtiher from it, by elevating the instrument above the point where it
had been in equilibrium or depressing it below that point: it stufices, in effect,
to replace tlhe instrument at tle same point to cause them to disappear. They
were, I repeat, nothing more than signs of electricity by influence, such as may
be perceived in bodies which are brought near to or removed from another body
charged with free electricity, a phenomenon which may be reproduced in the
closet 1by placing one's self on a resinous or a vitreous surface. Tle conse-
quence of this experiment is that dry air is not electrical of itself; that the
earth has a resinous tension, and space a vitreous tension. We may, in effect,
interpret this experiment in relation to space, or in relation to tile earth. In the
first case we say if, after having placed an electroscope in equilibrium at a cer-
tain height, we raise it to a greater height, we approximate t le terminal ball to
the celestial space or to the vitreous body. This latter then acts witl more efli-
cacy; it decomposes a portion of the natural electricity of the ball, attracts tlhe
resiuous and repels the vitreous in the gold leaves which diverge and indicate a
vitreous tension. In the second case we say if, after having placed an electro-
scope in equilibrium at a certain height, we raieo it to a greater height, the
tot of the instrument, forming with tile arm which lifts it the extremity of a
point more elevated and conducting, becomes charged thereby with a more con-
siderabile resinous tension; the resinous electricity thus accumulated il tlhe pla-
tina and in the armatures acts now with more force, decomposes the natural
electricity of the upler part of the instrument, repels the resinous in the termi-
nal metallic globe, and attracts the vitreous in the gold leaves which diverge.
As luay ble ,seen, these two interpretations end in thle same result ; but, accord-
ing to the ideas of Peltier on electricity, the last alone is logical and andlissiblc.
* Peltier may be considered as the founder of meteorolohgy. No doubt, before

hint, a great ,numiler of distinguished savants lad occupied thlemelvesl with this
Branch ,of knowledge; among the more recent it might suflice to mention
3131. (le IIumllloldt, tliuussintgault, Kaemtz, Quetelet, Lamont, AralS,(s;:,ulari,
&c., &c. But all these savants starting with the erroneous principle that the
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air is, in itself, electrical, and that it is vitreous, had not been able to draw any
general conclusion, to deduce any law from their observations. There had been,
lnqluestiolnally, meteorological observations at once curious, interesting and

exact; there had been, indeed, a great number of them; but as nothing con-
nected, co-ordinated, concatenated them with one another, meteorology as a sci-
ence did not yet erist; it was Peltier who founded it, for it was lhe who first
stated its laws; of this the reader will be convinced by a perusal of the sum-
mary review which we propose to give of the discoveries and ideas of Plehier
on this subject, based on his published researches.*
The principal works of Peltier on meteorology are tlhe following: first, his

Traiti des trombes, (on water-spouts,) published in 1840; his lenmoir on tile
electricity of the atmosphere, published in 1842 in the Annales de Cliimie ct de
1.lTyiqle, (3d series, vol. iv, p. 385;) his memoir on fogs, which nmay be found
in the 15th volume of the 1' moires de rAcadeinie de Lruxelles, and has It)eu
reproduced in the Annalcsdle Ch. ct de Physique, vol. vi, p. 129; his writings
on electric metc(orology, printe(l in the Archiecs d'Rjlcctricif de Gcnece, 1844, vol.
iv, 1. 173; finally, his great memoir on barometric variations, published in vol.
tuIe 1th of tlthe Mimloires de rAcadenmi ele Brucllcs. To these should be added
certain articles of the Dictionnuire Unicersel dcs Sciences Yaturelles (etoiles
filantes, foi(lre, galvanism, grtle, &c.,) and many other less important coninu-
nications, comllposed in tile fotn of letters, whether to tlhe Academy of Sciences
of Paris or to tlhe Socidte 'hiklmatique.

Distribution of diurnal rapors under the double influence of the earth and the
tropical currcnt.-The d(iurnul vapors situated between the earth and the tropical
current, that is to say, between two like forces acting in a contrary direction, are
divided into three very distinct strata.t Tle lowest, that which receives most
immediately tlhe resinous influence of tile globe, becomes vitreous. The portion
next to the surface cannot, it is true, long retain its electricity, for tle proximity
of the earth too greatly facilitates its efflux; it is only the zone place at some
distance which is sufficiently insulated to preserve a part of its own. The infe-
rior vapors, in assuming the globular form, become white and humid; they form
the ordinary fogs, which so easily resolve themselves into dew or drizzling rain
through the attraction of the globe.
The cause which develops in the inferior vapors a vitreous electricity is also

found in the tropical current, charged like the globe with resinous electricity; it
repels from above downwards the resinous electricity of the diurnal vapors, as
the earth repels it fr.nm below upwards. The most elevated portion of these
vapors, being thus subjected to a resinous influence, ,becomes also charged with
vitreous electricity. As they grow opaque, these valpors assume a tint of glow-
ing white, and form the beautiful cumulus or brilliant cirrus which appears at a

great elevation. Tle vapors which receive the resinous electricity, repelled
from above downwards by the tropical current and from below u wards by the
earth, extend in large, slaty bands which can acquire no great thickness, since
they are .'onfitned by these two antagonistic forces. In a word,thlo diurnal
vapors, such as rise every day in all countries, and which diffuse themselves
between the earth and the tropical current, are divided into three well-defined
and distinct strata, as, in summer and in tile country, may readily be discerned
after the setting of the sun. A light, whitish mist is then observed in contact
with the earth; above this appear large grayish strata; still higher, white
masses of cumulus, or sometimes the refulgent cirrus which seems to stretch
away towards the tropical current.

It has been deemed proper to restrict the translation to a few heads only of this review,
and the reader must be left, therefore, in a measure to his own surmise as regards the degree
in which iiiial veneration nlmy have prompted the absolute claim here advanced on behalf
of Peltier to be regarded as the founder of meteorological science.-T.'

t Pteltier, Mtinoire de AMlourv(ogieilcctrique; Archirce d'llcitricit6 de GenCcc, 1844, vol.
iv, No. 14.
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The succession of electrical signs is accordingly as follows: the earth is res-

inous; the inlfrior vapors which give rise to the white mists are vitreous; thl
middle vapors, which produce by their condensation the large, slate-gray strata,
are resinous; the superior vapors, which in their turn generate the volininolus
white cumulus, are vitreous; and, finally, tile tropical current which overtopl
the whole is again resinous, like the earth.

In a medium so movable as the air, and subject, moreover, to so many differ-
ent influeinc.s, this triple distribution has stability only for the succession of
v:11ors8 in time and space, and not for those which, at a given momnient, fon the
triple suiperposition. We have before said that the inferior vapors retained but
fur a short time their vitreous electricity, and that they quickly resolved tlhem-
selves into drizzling rain; but that is not all. When, through the lowering of
the temperature, tle vapors have ceased to ascend and to thus feed tth sllperiorr
zone, tile cumualulls which is suspended therein disappe:ars by degrees tender tile
forn of elastic vapors. This11new transformation is effected so muchI tile uore
rapidly as tile air at that altitude is drier, and as the electric action of tile trolp-
ical current is more intense.
The inferior vitreous vapors, those which presented themselves under tlle form

of mnist or fog, being resolved into drizzle or dew, the visible, superior, vitreous
vapors, those which presented themselves under the fotnn of cumulus, having
returned to the state of elastic vapors, there remains in the atmoslpere nothing
but tlhe intermediate vapors, which are alone seen at evening and at night,
extended in long, opaque curtains, forming clouds of a slaty gray. Surrounded
by an electricity of the same nature as the globe and the tropical current, the
repulsion which these clouds encounter on each side retards their re-valprization;
they repass into the state of elastic vapors only when, notwithstanding the
re-vap(rizatiol of tile whito and vitreous clouds, the air is still far froo sattura-
tion; they change their state by the sole force of hygrometric affinity, and not
by the help of electric attractions, as takes place in regard to the two other
zones. Ience it often happens that we still see, the next morning, Ilrtions of
these grayish strata not re-vaporized, and which plresenlt themselves under tlhe
form of dark spots, or even extensive black bllans, strongly relieved by their
deep color in the midst of the ruddy hues of the dawn.
On the influence of hlydro-mcteors on the distribution of temperature at the sur-

face of the ground.-The temperature of a place (lepends not alole on its lhti-
tu(le; it depends also on its longitude. Tlhus l.astlprt, in America, and Stock-
hollm, in Sweden, have a mean temperature of about 5.5, and yet their latitude
differs by 14 degrees. New York and Naples are in tile same latitude, but the
mean temperattre of winter at Naples is 9°.9, while tlat of New York is-1°.20,
tlhe difference being 11.1 degrees.

lBy uniting by lines all the points for which tile lm(an teml)erature is the samn;,
we obtain curves which Humboldt first traced o( ll aps, alld whilh are desig-
nated under tle uameo of isothermal curves. These lines are very lhr firoml florm-
inglparallels with the equator: thus the isothernal line of 100° Iasses successivel
lv l';George, (10°.1); by Erasmus Iall, near New York, (10°.7); ly llublin,('9°.56); b,London,(10.4); byllarlem,(10°.0); and bl Odes.:a. (9°.86); that is to
say, by 46°.18 of north latitude; ;540.:7; 5°. 1; 1°.31; 52°.23; andl 4G°.2S.
The extent of tle divergence is therefore about 13°. From this we see that the
angle under which the rays of the sun strike the earth is not the only element
which determines the temperature of a place. Several other causes, in eflCct,
contribute their action.
The trade winds impelling towards the equator masses of air proceeding fiom

high latitudes, refresh the intertropical regions. On the contrary, the warm
wind of the southwest, which proceeds from the equator and wllhichl .in.;
towards the earth in proportion as it advances nearer the poles, communllicates ti
the regions which it touches a portion of its hliet and moderates the rigor of
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their climate. Hence, for the equator, calculation gives stronger temperatures
than those realized by direct observation. In higher latitudes, on the contrary,
the values to which it icads us are too small. These two results are satisfacto.
rily explained by the opposite influence of the trade winds, which warm the
poles and cool the equator. The currents of the ocean join their action to that of
the currents of the atmosphere, and concur in warming the countries of the north.
Such is, beyond all, the case with the Gulf Stream, which, after bathing the coasts
of the United States, presses on in summer as far as Iceland and even the shores
of Norway.
The causes which have been signalized are evidently of a nature to modify

the temperature of the places on which they act, but they could not have suffi-
cient power to explain tile great differences which are sometimes observed
between localities, although in near proximity. They cannot especially explain
the constant decrement of temperature in the different localities of Europe and
of central Asia, in proportion as we advance into the interior of the land.

If we depart from the western coast of Europe and proceed directly towards
the east, always advancing unler the same latitude, we shall observe the follow-
ing meteorological phenomena: 1. In proportion as we advance towards the
east, the mean temperatures of the year continue to become progressively lower
at the places by which we pass. This fact is still more remarkable if, instead
of taking the mean temperatures of the year, we simply take the mean tempera-
tures of the winters. 2. It will bo found, moreover, that the mean quantity of
rain that falls in a year goes on diminishing in proportion as we advance from
the west towards the east. 3. Finally, it will be obsered that the relative
quantity of water which falls in winter continues also to diminish; in other
words, if we represent by 1.00 the annual quantity of water, it will be fund
that in proceeding towards the east the quantity of water which falls in winter
becomes a fraction less and less considerable of the whole quantity.
These three facts, namely, tlhe diminution of the temperature, the diminution

of the annual quantity of water, and the diminution of the fraction of water
which falls in winter, are easily observed in proportion as we advance into the
interior of the continent, proceeding from west to east. We will cite several
examples:
Mean temperature of winter for one and the same parallel at different longitudes.

TLogitude otMeast n temperature of
Names of localities Latitude. of part winter in CeutigCrd*of ____o_ _- degrees.

0 t 0o 01

Edinburgh ......................... 558 5 30 + 3 47
Copenhagen ....................... 55 41 10 15 --0 41
Tilsit................................ 04 1'9 33 - 3 (;

Moscow ............................ 55 47 35 13 -14 05
Kazan .. ............................ 5548 47 10 -12 29
Isle of Man..................... 54 12 6 OW.+. 5 51
Cuxhaven ....................... 5353 6 24 E. +0 03
tralud........................... 54 19 10 45 - 0 17

?Lanuzig......... ................ 54 21 16 18 --1 91
Kouigtberg. ..................... 54 42 18 09 --3 26
Wila ............................ 54 41 22 58 - 4 60
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We will cite further as extreme points the islands of Feroo and Iakoutsk:

Mean temperature of
Same of locatif Latitude. Longitude eot r nCntigradof Par winte r lnContsgr.d®loc gof . ~degrees.

0 1 0 ; 0 i

Thorshavenl..-. .. ,............. 62 2 1 8 30W. + 4 3
Iakoutsk............................ 62 1 127 24 E. -38 9

It has been our purpose, as far as possible, to introduce into these tables only
placesof little elevation above the level of the sea; so that, in effect, there were no
corrections to make in regard to the height. Yet there are exceptions, Moscow
being 148 metres above the level of the sea, Kazan 58, Wilna and Ialaoutsk
117. These heights, however, are much too insignificant to have any notable
influence on the results, for it is usual only to admit a diminution of 1° Centi-
grade for 200 metres of elevation.
The preceding tables suffice to show the rapid decrease of the mean tempera-

ture of winter for the same latitudes in advancing from west to east. The dilni-
nution of the absolute quantity of rain in the year and the diminution of the
absolute and relative quantity of rain in winter are not less evident. If we count
the number of days of rain for the different countries of Europe, we have the
following table:

Number of days of rain in different regions of Europe.

Number of dayi Number of days Ratio of thin latt quan.
Names of regions. of rain in the of rain in win- tity to he< former in

year. ter. hundredths.

England ......................... 152 40.3 26. 5
Western France.......... ....... 1.52 37 24.3
Interior of France ................... 147 35. 6 24.2
Plains of Germany.................. 141 32.6 23. 1
Western Russia..................... 138 29 21
Kazan............0................. 90 16 17. 5
lakoutak .......................... 60 6 10

If, instead of taking the number of days of rain, we take the quantity of rain
expressed in millimetres, we arrive at the same result:

Quantity of rain in the different regions of Europe.

Annual quan- Quantit o rin Ratio of thins litqluan-meofuntries. of r. tity to the former intty of rain. during . ndredths.

mm. mm.
Western England................... 95 251 26.4
Western France................. 0.... f 159 23.4
Eastern France..................... 650 127 19.5
Plains of Germany.................. 540 9 18.2
Western Russia............ . 480 82 17
Kazan 30...................... . 30 52 15
akouts .................. ......... 250 25 10
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For further details on this subject recourse may be had to the great treatiseon
meteorology of Kacmitz, in 3 volumes, pp. 450, 500; tie smaller treatise on
meteorology ly the same author, translated, with notes ly Ch. Martins, p. 138
and seq.; the memoirs of Gasparin on the distribution of rains in Europe,
(Bibliotlh que Uniccrsclle, t. 38, pp. 54 and 264;) and tile Atlas Physique of
Berghaus, charts 10 and 12 of the meteorology, p. 19 and seq. of the text.

lThe tables above given establish, therefore, the three facts in question: the
diminution of temperature, the diminution of the annual quantity of water, and
the diminution of the relative quantity of water falling in winter. What, now,
is the cause of these three phenomena ? what is the bond which connects them?
It is this which we propose to explain while expressing ourselves with all the
reserve which is proper on such a subject.
The winds of the southwest bear from the Atlantic ocean a large quantity of

clouds and vapors; these, nearly throughout Europe, are the winds pre-emi-
nently rainy. The clouds are formed of globules of transparent vapor and of
globlles of opaque vapor, both kept apart by tie latent caloric and tile elec-
tricity, which render them mutually repellant. If any cause abstracts from a
cloud the greater part of its electricity, one of the two forces which co-operated
to keep the globules separate is suppressed. Thloe globules of transparent vapor
approach one another, are condensed, and transformed into opaque valK)rs; the
globules of opaque vapor, for the same reason, pass into a liquid state, the dens-
ity of tile cloud, its specific gravity, is augmented, tile cloud sinks and falls on
the earth in the form of rain. On arriving at tile surface the cloud disengages
the latent heat it possessed, and thus the soil, as well as the ambient air, is ren-
dered warm.

Thle quantity of rain which falls annually is naturally, all else being equal,
more abundant in western Europe than in the interior of that continent; the
forests, the mountains, especially when wooded, radiate much electricity; they
neutralize, therefore, the electricity of the clouds, and thus induce, i a manner
more or less indirect, tleir precil)itation. When this current from the southwest
reaches Germany it is already deprived of aL great part of its vapors. When it
arrives in Rus.;:t, there remains still less of them; finally, in Siberia there is
scarcely any at all remaining. It thus appears that tlhe quantity of water which
ftlls in a year must continue always diminishing as we penetrate into the interior
of the continent; it is evident, consequently, that tile quantity of latent heat
abandoned by the clouds must also progressively diminish, and that the tempera-
ture mIust undergo a corresponding abatement. 'These facts are more mntrked in
winter than at any other season, because then tle wind from tile southwest brings
a less quantity of vapors, while these are less elevated and consequently terni-
nate at lower latitudes. Another cause, moreover, concurs in augmenting the
asperity of tile cold in the interior of Russia: this is the intensity of the radia-
tion which takes place in consequence of the great serenity of a sky which is
obscured by neither cloud nor vapor.

It results from what has been just said, that a locality in Europe situated to
the east of a chain of mountains should always 1e colder, all else being equal,
than a locality situated to the vwest. The chain of mountains in effect, by pre-
cipitating a great quantity of vapors, must have abstracted a considelralle ptor-
tion of tile latent heat, which is hence naturally in deficiency on tile other sidlc;
moreover, if these places are situated in a latitude somewhat high, where the
clouls are already very low, tils effect will be still more decided. This in
reality is what occurs as respects Sweden and Norway in reference to the Scan-
dina;ian Alps. We may cite as an example l)rontlheim in Norway, :and Uimto
on thle Gulf of BIothlnia:, in Sweldnc, (see Unstitt (f 18th February, 1846, p 61,
the communication of 3I. Martins.) Tliese two cities are nearly in the same

latitilde, and vet the meanl templlrature of Drontheimi during winter is -4°.75;
While that of Umio i.L-lO.2, a difference of 5°.45.
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Tlie same fact is observed, if we compare together Bergen and Stockholm.

Bergen is in 60° 23' north latitude, and west of thle Scandinavian Alps; Stock-
houl is in 59° 20', and east of that chain of mountains. Bergen is therefore one
degree further north than Stockholm, and yet tile mean temperature of winter
at Bergen is +0°.79, while at Stockholm it is --3°.61, a difference of 4°.4. Besides
this. the quantity of water which falls in a year at Bergen is enormous; it reaches
2,250 millimetres, and in winter 598. At Stockholm, on the other hand, the
quantity of water which falls in tile year is but about 520 millimetres, and the
fall in winter 76. In the latter place, then, there falls in winter about eight
tines less of water than at Bergen. Moreover, if the total quantity of rain fall-
ing in a year be represented by 100, it will be seen that at Bergen there falls in
winter 26.6, ivhile at Stockholm there falls but 14.8. These two places, there-
fore, fully confirm the facts which we have above indicated, and lend their sup-
port to tile explanation which we have given.

lll-drometeors influence also the mean temperature of summer; in general,
whein we penetrate into the interior of Europe, pursuing always the same line of
latitude, the mean temperature of summer will be found progressively growinghigher; the difference, however, being not so great as for the winter, and in the
inver'se (hirction. This is generally attributed to the fact that on the borders
of the ocean there are frequent sea mists which veil the sun. Thus the coun-
tries situated near the western coast of Europe have summers somewhat less hot
and winters rather less cold than tlhe countries situated in the interior of thle con-
tinent in the same latitude. IInce the climates have been distinguished as
equal or marine climates, and continental or excessive climates.

If tile explanation which we have given of the inclination of the isothermal
lines towards the equator in tle interior of the continent be true, it is evident
that the isochimenal lines (!,r, ,equal, s;:.w winter) should, for a certain extent
of their course, be perj)endicular, or nearly so, to the direction of tile southwest
wind-tlat is to say, to the direction of tile wind pre-etinentlv a rainy one.
Now this is in reality tle case Tle number of observations is not yet suffi-
ciently great to enable us to trace these curves with exactness; but they suffice
to slu\w tile general direction of several of tllel. If we take, for instance, the
localities at which tile mean temperature of winter varies between --1° and
-1° 5, we find that this isochinlmen.l line passes successively by Odessa, Dant-
wig, Lund in Denmark and Ullensv:an in Norway. This curve extends,theretefre, in latitude from 46° 28 to 602 20; it thus traverses 14 degrees of lati-
tluelcand is almost perfectly perpendicular to the direction of tile southwest wind.
The smle is very nearly the case with other isochimenal curves; they all decline
stritngly towards tie south in proportion as they withdraw from the westernco':st
of lEurope in advancing eastwardly into tile interior of the continent.

It imay be proper in addition to cite Venice, Paris, and Edinburlgh; the first is
situated in 45° 26 of latitude, the second in 48° 50. the third in 505° 57. Now, in
these three cities the mean temperature of winter is very nearly the same; at
Venice ;ad 'Pais it is +3° 3, and at Edinburgh +3° 6.

t,;mllietimles, as the sequel of abundant rains, andt esecially tempestuous rains,
a 4d1iidled lowering of the temperature is observed. 'This fact, at first glance,
seems in contradiction with tile theory of isothermal curves which we have pro-
poinldel ; yet it is bIy no neans so. Almost always after a storm the sky growsclear, if moly for a fIw hours; tile air of the middle and interior regions, ulnbur-
detned of the great masses of vapor which have been precipitated in tile frm ,of
rtil, then presents a certain degree of relative (dryness; tile earth, on the coi-
trnuy, is slaked witl ratin; there takes place, therefore, at its surface an extremelyahIui:llnt evaploration, which withdraws in a fiew in.stants a considerableIquan-tity of heat f'1omi the carth and the air in contact with it. It is this subtraction
of caloic which Iproces thle cold iln qulestiin.

'The' temperature indicated y ttl thermometer, moreover, is not always in accord-
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ance with tie sensation experienced by living beings. Often, in fact, individuals
realize a much sharper cold or intense heat than the thermometer seems to verify
this depends evidently on the hygrometric condition of the air. In its natural
state the body of man is always covered with a film of humidity, an insensible
transpiration. If the air is calm and saturated with humidity there will te no
evaporation on the surface, and complaint will be made of oppressive heat; if,
on the contrary, the air is dry and agitated by the wind, the evaporation will be
considerable, and a disagreeable sensation of cold will be complained of, alto-
gether disproportioned to the thermometric indications.

Before concluding this section a word should be said of the effect of denuding
mountains of their trees on the annual mean quantity of rain, on its distribution,
and consequently on the climate. This influence, long denied, is now every-
where admitted-facts speak loudly enough for that. As to the explanation,
we shall endeavor to give it.
The clouds which ar in the middle region of the atmosphere are almost always

resinous. As long as their electric tension is moderate and inferior to the tension
of the earth, this latter repels them and keeps them at a greater height than
comports with their specific gravity. When these clouds pass above naked
and woodless mountains, inasmuch as the mountains more nearly approach
them, the action in question is more efficacious, and the clouds are forced to
ascend somewhat higher in consequence of the energetic repulsion exerted by
the mountains. In this case the clouds pass without a discharge of rain. If, on
the contrary, the clouds have a considerable electric tension, this tension is more
powerful than that of the earth. When, therefore, these clouds pass over moun-
tains destitute of trees, their resinous electricity represses the resinous electricity
of the mountains into the interior of the soil, decomposes a portion of their
natural electricity, and attracts the vitreous to the surface. The phenomena of
repulsion are then changed into the phenomena of attraction, and the cloud is
wholly precipitated, and that with violence, upon the mountain.
When the country is mountainous and wooded, the occurrence is quite different.

I have already said that vapors, transparent or opaque, were kept at distlince by
two forces, heat and electricity; that all the phenomena which dimlinislhed by
their action one or the other of these two forces, induced indirectly the con-
densation of the vapors, and consequently the precipitation of a part of them.
These principles are directly applicable to the question with which we are

engaged. When masses of transparent or opaque vapors, charged with resin-
ous electricity, pass above wooded mountains, the vitreous electricity developed
by influence in the soil flows off by the trees, which furnish thousands of points,
and neutralizes a part of the resinous electricity of the super-jacent mauses of
vapor. The vapors, being less relpelled, draw together and are condensed, the
transparent vapors into opaque vapors, and these into drops of rain which fall in
a regular manner and in measure proportionate to their formation.

In sum, then, the cloud, in the case of mnloutainls naked and divested of wood.
either passes without discharge or is precipitated in its entire mass; the result is
an incessant oscillation from great drought to deluges of rain; in wooded moun-
t;ins, on the contrary, the rains are gentle and continuous. From this we nay *

see that to denude mountains of their woods does not perhaps diminish the
annual quantity of rain, but that it modifies the distribution of the rain, or, to

speak with more exactness, its mode of precipitation.
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BY ED. MAILLY.

[TRANSLATD BT C. A. ALIXANIDR rOR IHE SMITHSO.lhAN 1uSTITUTIOr.1]

I.--COUT RUMFORD, PRINCIPAL FOUNDER OF THE ROYAL INSTITUTION.

" The Royal Institution of London," says Cuvier, in his ElJge historique of
Count Rumford, "enjoys an unsurpassed reputation s an establishment for pro-
noting the progress of the sciences alnd their application to public utility." In
priweeding to give some account of the Institution, it is deemed p,roper to prefix
a few words respecting the distinguished man to whom it was chiefly indebted
for its origin.
BenIjamin Thompson, afterwards known as Count Rumford, was born in 1753,

in the English colonies of North America, at a place then called Rlnuford, but
now Concord. Devoted at an early age to the study of science, lie adopted the
profession of teacher for a livelilhood, but, by an advantageous marria-ge, when
Fsarcely more than 19 years old, lie secured for himself entire independence in
Lis pursuits. He had accepted the grade of major in the militia of his native
province when the war of the Revolution broke out, and was led by the Connec-
tilns of family and personal predilection to take the part of the rvyal govern-
mneut. lHe served with courage and address, and after the evacuation of Boston
17 the British troops in 1776, was sent with imliortantdespatchess to Iondon,
where ee acquired the confidence of Lrl oreorge ermine, secretary of state
for the colonies, and was by him attached to that department of the public ser-
vice. In 1780, Mr. Thompson was advanced to the post of under-secretary of
State, but the disasters of the royal army, the constant object of his slicitllde and
activity, continuing to accumulate, the young minister "felt that he could not
srn'e with honor a sinking cause, witlhot serving it at the pelil of his life." t
IIviing raised a regiment of dragoons in America, lie I)preelded to take command
*f it and distinguished himself in several affairs. At the ces.ation of hostilities,
le returned to England and was knighted lyr the King, eventually obtaining
jnlni.:sion to enter the service of Charles Tlheodor, elector of Bavaria, by whoml
be was soon received into favor.

Sir lBenjaminl Thompson (which was the title he bore oi his arrival at Munich,
in 1784) Iecame successively aide-de-camip, chailmberlain, and privy councillor
to tihe elector; was created lieutenant general of his armies; and when, on the
ideathl of the Emperor Joseph 11, Charles Theodore was called to the functions

,f vicar of the empire, the latter promptly took advantage of the prerogative
ataclhed to that position to advance his favorite to the dignity of Count, givinghim the iitle of his native village in New Hampshire.
Count Rumford passed 14 years at the court of Munich; charged at once with
' From the Annxuirs de I'Obstrcatoire Royal de BraieUs, per A. Quetelt, director d4 cr

!w.isurvet, rec., Ste.
t O. Cuvier, uogel Historiqw du Comttu R^mford.
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the administration of war and tie direction of :ie police, le applied himself, on
the one hand, to the melioration of the condition of the soldier, and, on the other,
to the suJt)lression of ienduicity by organizing a house of labor for theilxor. lie
had never lost sight of the sciences, his earliest Iredilection. Researches on the
cohesion f' bodies and on the force of lpowder had procured hid aduissionI, in 1779,
into the Rloyal Society of London. In his new position lhe undertook exseri.
ments on the nature of heat and light, as well as on the laws of their prolt;;a-
tion, with a view to supplying large asseimblages of persons with eColt.Iical
nourishment, clothing, warnlth, and artificial illumination. It is not within the
slcop of this lpaler to discuss these researches of Count Rumford; they will Ie
found detailed in his Essays.* Suffice it to say that light and lieat became tle
engrossing subjects of hi l philosohlic attention. Thus we tind him, in 1;9t,
establishing a prize at London "* fir new discoveries tending to the illprovetient
of the theories regarding fire, heat, light, and colors, and for the inventions and
p)rocesses by which theproduction, preservation, and employment of heat and
light muay bie facilitated."t

In 17!8 lie l)roceededl to .lonldon as minister llenipotentiary of the elector
of Bavaria, but was held to bIe disqualified for ftullilling the functions of that
office by the fact of his being still regarded, in point of law, as a British subject,
and incapable, therefltre, of representing ai foreign power at tle British court.
Soon afterwards hle learned the dca:ih of toh prince, his benefactor, and, fore-
seeing that lie would have scarcely less diflicultv in resuming his old tlha in
exercising his new functions,4 lie turned with habitual earnestness to other pur-
suits, and, in becomingl the principal founder of tle Royal Institution, of which
his favorite ideas fonred the bais, established one of his best claims to lasting
rellmemiblrallce.
The latter years of Countt Rumford were passed in retirement. In 1802 he

transferred hlis re.Lidence to Paris, where lie contracted a second marriage, with
the widow of Lavoisier. This union proved unhallppy, and was terminated after
three years by a private separation. le then retired to a country house at
Anteuil, about four miles* from Paris, and there devoted his time to the emblel-
lilshment of his domain, and to the cultivation of chemistry and experimental
philosophy. ler el died, August 21, 1814, at the ago of sixty-one years.

IJ.-TIIE FItST P':OSP'ECTUS OF THE ROYAL INSTITUTION.
The filst ml(eeting of the founders alnd directors of the Institution took place

the 9th of March, 1799, at tlhe mansion of Sir Joselh Banks, those present
lieing Sir .Joseph, the ea:rls of Morton and Sptencer, Count Rumford, Richard
Clark and Thomas Bernard. Sir Jos pll was named president, and Thoiums
}ernard .secretary. Thle lrospecitus of the establishment, for tle pIrepuaration of
which Count llRumford wasidetilna;ted, lre the following title: "Proposals for
forming, by subscription in the inetrolpolis of the British empire, a publlic
institution for dififsiing the knowledge and facilitating the general introduc-
tion of useful mechanical inventions and imillrovemiients; and for teaching, by
courses of phlilosophlical lectures und exllrimenlts, the application of science
to the commtion |iurimses of life--by Ben;jamiin, Count lRumiford, F. It. S.," &.;
in octavo, 54 pp.; Cadell & Davies, 1799.
The following extract fomn the prospectus, given by tho Biblioth1eqne Brithn-

iquc sciencess and arts) of ;Geneva, for the year last mentioned, will convey an

idea of the objects of the new establishment:
When the directors shlul Ihve chosen a site, there shall be prepared large and airy apart-

meats to receive and exhibit the nmechamical invenitious and improvements which sect to
* See also the tloge by the Baron Cuvier, already referred to.
t See the olutory of the Royal Socict of Loandu . Count Rumford founded a similar prize

at Philadelphia, Unitatl States.
t The new elector, Maxiuilian Joseph, conferred on him a pension of 30,000 francs.
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improvements which seem to merit plublio attention; and more especially such
kids of apparatus as tend to multiply the conveniences of life; to promote
doluestic ecMomy; to form the taste andf facilitate the exercise of useful indus-
try. Effirts shall be made to procure the most perfect models for each object.
'lThe following will deserve particular attention : Chimneys for cottages, witl
appropriate utensils; complete kitchen for a farnnm-lIbse, with all its furniishings;
cllmplete kitchen, suitable for a family in easy circumstances; rooms for 1wah-
inl, drying, and ironing clothes for a rich family or hospital boilers and
other neces.:ary utensils; German, Swedish, andl Russian stoves for heating
apartments and passages.
a'In order that those who visit the establishment may acquire just ideas of these

diffSrent inventions, and of the circumstamnces which( constitute tle particular
merit of each of them, working models shall, as far as possible, be used for
exhibition; and it is evident that the greater part of those just spoken of are
susCelptible of being presented in that form. In the different apartments, chim-
neys contrived on tlhe best principles shall lbe provided, to serve as models for
co)utructors, and fires shall be constantly kept burning thereinl during cold
weather. In the same apartments, models of grates, adapted both for ornament
and econioyv, shall be exhibited, as well as models of ornallie:tal stoves, in the
funll of elegant chimlney-places, for large salons, dininig-roomns, &c.

' It is proposed also io introduce small almolels (thlogh such still as shall be
capable of being put in operation) of that curioils tndi usefull ILmachilne, the
te':llu-enginc; Imolels also of the applaratlu for lr(wilng with improved fir-
ac;.s,; of lr'e stills, with the new condensers ; otf extensive ranges for the

kitlches of hospitals and tile marine, with impl)lrved fire-places. Place should
1e foiunll likewise for models of ventilators for renewingl the air of apartments
aail the interior of ships; of hot-lhoses, witl all the known imllprovements; of
lime-kilns of (livers construction; of steam-,oilers for plreparimlg the fiood of
,ilnJestic animals; of rustic houses, upon different plains; of whleels4 for spinning,
a;id lomsn for thll( prhluction of fabrics especially suited for tlhe posr, and calcu-
!;;!e(l to furnli.:h tlhet employment at home; together with nlodels of all the new
itlvetltionslproler to prroumlte the advancement of agriculture; those of bridges,.instructeld on various principles; and, in fine, of all that the directors shall
i1T sdeservIring of public attention in point of utility and colnvelnienlce. Each

ar:ile .!:all Ie( accomllpanied Iby a detailed (lescritioi, aw!l :exact dlrawings, and
a d4sinl:lation be give of the name and abode of the artist e:lgag-d in its pro-dclrtion, with theprice of his work.

' fInt order to, realize the second object of tle Institution, that, ,n::inely, of show-
i,;1 tlrhe apl)llicationl of science to tlhe different reqjIire(umeJts ,f lift-, a c(,olrs off
l(ii;,lie lectures on natural p)hilosophy, accomlnlaiedlbyl expelrielte.ts, shall be
I'st;)lislhed,. For the use of this course there shall be a calillet of pl)ysic land
a I;al,ratorv of chemistry.
"Aml.,ng the different subjects treated of in these lectures, Iparticul:r attention

si,,ldl Ibe given to that of heat in its applications to the v:rious .uses of life;
cllublstioll, and the relative quantities of heat furnille'i bydiVfif'retnt collbusti-
,lts; the management 1and economy of fire; the cam.cses on which d(.ejenls the
lwat of different substances used for clothing: the etl.crsof heat and cld, both
"i a stationary and circulating atmosphere, upon the hm::ia P.Hly', whletter in it
,tate ,1f heallh or sickness; the effects of vitiated and conflfiiluti:fir on respira-tihn;tle means*of rendering ordlinary dwellings agreealle. anld healthy ; the
construction of ice-houses al l pre.servation of ice iIn sumrilmer; tle prevention of
ailments in different seasons and climates; tlhe cooling of liquids without the
Ue of ice, &c.
" Ve.getatio and the effects of different manures, with tihe lmethld of prepar-aidl adapting the latter 'to various soil, should receive ttteltitl ;al' o'ti.changes which alimentary substances undergo in the dilflrcelt plroccs.ss of cook-
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ing, as well as in those of digestion; the chemical principles involved in the
tanning of leather, with the objects to which artisans, wlo may seek to perfect
so important a process, should direct their efforts; tlhe chemical prinicples of the
art of making soap, of bleaching, of dyeing, and, in general, of all the median.
ical arts which hear a relation, more or less direct, to manufactures.

"'lThere shall be five classes of contributors: 1, subscribers at 50 guineas, pay.
able once for all; 2, subscribers at 10 guineas, likewise payable but once; 3,
subscrilwer at two guineas; 4, testators or benefactors; 5, persons who lay the
ticket of adumision. Of these, the first class are the proprietors of the estab-
lishment. T'hey alone elect the directors and visitors, and can alone exercise
office. The establishment will be gratuitously conducted by nine directors.
There shall be also nine visitors."

" Such an institution," adds the editor of the Bibliotwque Britannique, "is
calculated to fonu an epoch in the history of civilization." In the month of
July, 1799, there were already 138 subscribers at 50 guineas a head, 103 at 10
guineas, and 97 at two guineas. The capital of the society, therefore, was at
that time 7,950 guineas, besides 194 guineas contributed by annual ulbscrip.
tion. The first meeting of the proprietors had taken place April 20 previous.
III.-SITCATION OF TlE ESTABLI.SIIMENT AT THE BEGIXNNNG OF 1800-DR.

GARNETT, THE FIRST PROFiESSOR oF NATURAL PHILOSOPHY.

The charter of the new corporation, which byi permission of George, III had
assumed the title of Royal Institution of Great Britain, bears date January 15,
1800. It was liulished witl a new prospectus, mainly of a descriptive charac-
ter; the indletttigable activity of Counlt Rumford having hastened the execution
of the ideas contained in his first ulappal to the public. It is here said:

* * * "''The tardiness with which inim)romvlents of every kind are intro-
duced, even such as are of the uimst evilent utility, is a remarkable lact; it stands
in strikinlg contrast with the avidity of the public in adopting the frivolous
changes created by caprice or flly, and which circulate in society under the
auspices of fashion. * * R*'l ltnoyal Institution has two principal objects:
oe, to spreadpromptly and introduce into all the ramifications of society a

knowhcld-e of inventions and useful improvements, drawn- from the experience
iand practice of all nations; the other, to make know the applications of which
scientific discoveries are slusceptible, to the advantage of the arts and manufac-
tures of this country, and the augmentation of domestic enjoyment and con-

venience. * * ; The directors have purchased (June, 1799) a commodious
and spacious edifice on Albemarle street, where large and airy apartments are
il course of preparation for exhibiting such mechanical inventions or implrove-
ments as Imay be thought to merit public attention. Particularly will those
ilnventions l' exemplified which tend to increase domestic comfort and economy,
to improve the taste, or advance the industry directed towards objects of utility.
"An lamphiitheatre will lbe arranged for lectures and demonstrations, accom-

panied by a laboratory and complete collection of instruments of exnprimueutal
physics and chemistry. This branch of instruction will lie confided to savants
of the highest merit. * * A place has ICben provisionally Iprelaret ill
which thlre courses are given: First, a course of natural phlil*olphy on the
principles of astronomy, electricity, magnetism, mechanics, hydrostatics, pneu-
matics, and optics. Thoe meetings take place every Tuesday, at 2 o'clock, all
this course is particularly directed to the instruction and amusement of persols
who1, without havin- leisure or opportunity to explore thoroughly the.s different
bIranches of nratrall knowledge, still desire to know whatever lrmst strongly
provokes curiosity. Second, a course of chemistry and its application to the
arts, to nmanuhactures, and the reqllirenlelts of life. The meetings take place
Wednesday at 2 o'clock. Third, a completeI and scientific course of experi
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mental physics, in which the propositions aro first demonstrated mathematically,
afterwards illustrated by experiments, and finally applied to the various uses of
the arts and domestic economy. Tlie meetings occur three days in the week, at
8 o'clock in the evening."
The professor who had charge of this course was Dr. Garnett. In Nicholson's

journal it is said, tinder the date of April 1, 1800: "'The course of physics andof chemistry opened by Dr. Garnett, ill the apartments of the Royal Institution,
is followed with the most marked attention by a numerous and distinguished
aruitor-."
Thioas Garnett was bor in 1765 or 1766, at Castcrton, in Westmoreland.

He received the degree of doctor of inedlicine at Edinburgh, in 1788, and prao-
tice( Ilis art successfully at London, at Braduford, at Knaresborough, and at Liv-
erpool. Called in 1796 to Glasgow to teach chemistry, he afterwards quitted
that city in order to occupy at the Royal Institution the chair which had been
offered him by Count Rumford. Dr. Ganlctt died at London June 28, 1802, in
the prime of life. We owe to him a compendium entitled, Outlines of a Course
of Lectures on Chemistry, Delivered at the Royal Institution of Great Britain.-
London, 1801.

IV.--TE SITUATIOy OF THE ESTABLISHMENT IN MAY, 1801,ANDAPRIL, 1802.
To MI. Pictet, one of tlhe editors of the Biiotlh1quce Britanniquc, who visited

London, in 1801, we owe the following notices of a report made by Count Rum-
frd to the directors and visitors of the Institution, in the mouth of May in that
year:

Thle sums subscribed for the execution of the proposed plans amount at
present to c£23,000, without comprising £7,000 generously offered by a small
rilluler of the proprietors (which slubventitu will, however, not be needed) to
;:I'jl'ly d'lficiencies in thle cost of new buildings. Those already acquired are
very; xtensive. The groundl on which the principal edifice stands was originally,*.l(,icpid by four private dwellings, and the location is central to that part of
Lt.ilnd to whose inhabitants the establishment most naturally appeals for an

e.:lilhitti.ed interest, (Al'cImarle street, Piccadil(y.) Professors and demoustra-
t,»rs i1n physics, chemistry, and mechanics have been engaged, and lectures are
given in two spacious amphitheatres, one of which will contain 300, tlh other
'J00 lIrsons. An ample laboratory having been provided, a manager anl opera-
t.,r have Ieen nominated, and negotiations are on foot with a skilful German
celt('ist to serve as assistant to those two individuals. Shops for the construction

tf models, furnished with the most complete assortment of tools that could be
lrrtJcrredl, have been pllaced in order, under a master-workman, who will have
jchrge of all the physical apparatus pertaining to the Institution. The opera-
tives engaged are: a mathematical instrument maker, a constructor of models,
a cabinet maker, a carpenter, a workman in brass and copper, another in tin, and.till an.ollher in sheet iron. To these will be alted a brick maker and mason,alttswill I.e instructed and rendered competent to instruct other workmen in tile
ant of Coesltructing chimneys, ovens, furnaces, &c., upon the principles recentlyap''llie'l 1, the manageme:; . of fire and the economy of fuel.

"'lhiere has been established in the apartment of tile janitor a complete kitchen
llital,le for a family of small means, with an oven for roasting of the most sitm-
'le construction, a chimney place adapted to cottages, a steaming kettle, &c.

All these objects are open to the inspection of those who frequent the Institution.
It is irpos'led also to establish a principal kitchen, which shall be rendered as
e'iultete as possible in every particular. It will include ovens for baking, others
for roasti'ng, steam boilers of every construction; aid in order that every one
aylh-amr to avail himself of this diversified apparatus daily use will be made

of it in the Institution, and certain persons be specially charged with showing



208 THE BOYAL INSTITUTION OF GREAT BRITAIN.

it. And in order that the proprietors and subscribers mar he enabled to judge,
by experience, of the merit of such or such method of cooking, or of any new
viand which may be suggested, a dining-rooim has been provided at the Institu-
tion, in which the directors will, from time to time, prescribe experiimental din-
ters, of which the proprietors and subscribers shall be invited to partake, the
whole at the expense of the guests.
"A conrersation-saloon has been provided. * * One of the divisions on

the ground floor has been assigned for a printing-office, which pertains exclu-
sivelv to the Institution. It is particularly desilged for printing its journals,*
which will probably be issued once a week, and of which three numbers have
already appeared. These memoirs will contain not only the detail of all that
is done at the Institution and in England relative to the introduction of inven-
tions or useful improvements, but also a selection from everything of foreign
production which can be of advantage to the country. * * As the prin-
cipal object of the establishment is to promote improvements in the mechanical
arts, to stimulate and encourage the exercise of genius and industry, bearing on
objects of practical and innmediate utility, it has been decided to introduce
nothing which has reference to the tree learned professions: theology, law, and
medicine.
"A department will shortly be arranged for the accommodation of 18 or 20

young persons destined for different mechanical professions. An evening school
will be established with this view, in whicl will be taught the art of designing,
practical geometry, and the element of nmthtematics"
We are indebted to the Bibliotuqiue Briitnniqwec (vol. xx, 1802' for the state-

ments which follow, taken lron the rel)ort of Count Rumford, April 2G, 1802:
"The new amphitheatre, where the lectures are given, is finished; notwith-

standing its large dimensions, a voice uttered in a low tone can be heard from
one extremity to the other, and neitler echo nor resonance is remarked when a

high tone is employed. Light is admitted from above by means of a cylindrical
lantern of double glass, and complete o,scurity is obtainedlbv ,lwering the
movable top of this lantern to the level of tle ceiling. The s;lloou is of a
semi-circular form, with the addition of a parallelogram equal in length to the
diameter of the circular part (60 feet) and 1l; feet in width. Eleven ranges of
seats ascend from the floor to a gallery which contains three additional ranges.
The amphitheatre is warned in winter 1by steam, which is made to circulate in
tubes of colperconducted under the first range of benches. * * * The
depot of models is a saloon 44 feet long1y 33 wide, and comprises a hlrge nutm-
ber of new and useful mechanical inventiols. ** o The chemnic;l la:lra-
tory is finished, as are likewise the worksholps, which are all in activity. The
great kitchen is in operation, and is furnished with a eomiplete lalttery. *

The price of subscription has been considerably advanced. so that while the
exspndliture amounts to Nint t:3.S94, (97,350 francs,) the receipts lha'e ri.en to

£8,4S4, (212,000 francs.) Th'le loval Institution may thus be considered as

completed and firmly established."

V.-TuE ENGAGEMENT OF IIrMPHREY DAVY.

From what has been said above, we may form an exact idea of the plan wlich
had been proposed by Count Rlulfrd in creating theItcvyal Institution. T'hi
plan, however, was destined soon to undergoesslentil lOdificatotins, aiinl linothlil,
more greatly contributed to the change than thie entgageent of liumlhrey
Davy 1by Ilunford'himself.

Mr. Underwood and Dr. Iope (their names deserve commemoration) haviin
spoken in the almost eulogistic terms 4,f the y,,,mi g chemist of Penzalce. (',d"l;t
Rlumford entered into negotiations with Davy ini January, 1'01. and, 16th FIt'l-

'Journals of the lt yatl Ititution ,f Great Britaiu.
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nrarr following, the future president of the Royal Society of London was enrolled
in the service of the Institution as assistant professor of chemistry, director of
the laboratory, and joint editor of the journals of the establishment'. The pro-
ceelinps (f tile directors import that he should be allowed to occupy a room in
the house, ,e furnished with coals and candles, and be paid a salary of 100
guineas a year.

1 avv arrived in London the I th of March. His first lecture completely
justified the expectations of his patrons, nor was lie long in Ibecoming extremely
popular through his natural eloquence, his chemical acquirements, and tlhe suc-
cess which crowned all his experiments. His first interview with Rumford, it
woull seem, had not been favorable. At the almost childish appearance of the
candidate, his rather provincial manner, accompanied by some remains of the
Cornish dialect, Count Rumford, who did not shine in point of affahility, became
more frozen than usual; it was with difficulty that Davy obtained leave to give,
in a private apartniat of the house, a few lectures on the properties of gases;
but lie needed nothing more. "From the first, tile variety of his ideas, their
infenioius combinations, the warmth, the vivacity, the persplicuity, even tlhe nov-
elty of their mode of statement, all the charms that the combined talents of the
poet, the orator, and the philosopher could lend to the instructions of the chemist,
enchalnted the small number of those who had ventured to come and hear him.
With so much enthusiasm .iid they speak of him that at the second lecture the
room which had been assigned him cou(l not contain the throng which presented
itself, and it was necessary to transfer his course to the great hillphitheatre of
the cstabllidlment. The youthfulness of a professor just emerging from adoles-
cntce, his handsome face, his ingenuous manner scarcely contributed less than
his eloquence to conciliate affection." (Cuvier, Eloyce Historije, d'c.)
Davy (born Decetuber 17, 177S, at Penzance, a small town of Cornwall) was

then 22 years of age. Son of a carver in wood, lie had rlerlntered, as applren-
tice, the office of a skilful surgeon of his native place, whos at tile same time con-
dncte.l a pharmaceutical establishment. It was Davy's intention to become a
physician, but the plan of study which lie had traced for himself embraced seven
lan;guages, from English to leblrew, and all the moral and physical sciences,
fronl theology and astronomy to rhetoric and mechanics. It is somewhat remark-
able that lie does not seem to have seriously occupied himself with lhemnistry
until lie hlad attained his 19th year. 1From that time lie devoted himself to it
with 1l tile ardor of his temperament; andl his eldest sister, who lent her services
to assist hlim, well remembered the damage sustained Iby her dresses from corro-
sive substances. (Paris, Life of Dary.)

Ilis resources were very limited, like those of Priestley and Scleele at their
entrance upon the anamo career. His apparatus consisted principally of pliials,
wine glasses, tea cups, tobacco piles, and earthen pipkins, and his nl:lterials
were chiefly the mineral acids, the alkalies, and so)1me other articles of whlichl us
is imalde in medicine. lHe commenced his experiments in his sltel)ing-room, , and
whea lie had need of fire, descended with his vessels to the kitchen. (Jfcioir.s
f the LiJi of Sir Hunmphrey Dary, by his brother, Jonl D)avy, Londoln, 1836.)
A shipwreck which occurred on the coast procured him some unexpected restources.
Ile had the good luck to lay hands on a box of surgical instruments.: Among
them there happened to be a common syringe,; of this lie constructed lan air
puml! "'Dunng his whole life," says Cuvier, " le continued to make 1ius of
everything that came to hand in the service of his researches; aidl the sim-
plicity of his apparatus was not less remurkableo thanl tle originality of lis
experiments and the elevation of his views."

It was the intention of Count Rumford to try Davy as professor, and to givo him the
soccessiou of Dr. Garuett, whose services the Institution was on the point of losing. " Lit-
tle accutimmiling in his disposition, Count Rumford Lad already broken with bis professortf chemistry, Dr. amnett." (U. Cuvier, Eloge Historiquw de Sir ll#umphrey Dary. )
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Dr. Beddoes, having founded at Bristol an establishment (the Pneumatic Insti-
tution) where the therapeutic properties of the gases might be carefully studied
and turned to account, had need of an assistant. On the recommendation of
Davies Gilbert (who presided over the Royal Society of London from 1827 to
1830) he made choice of the young Davy, whose merit he could well appreciate
from a memoir which the latter had sent him for insertion in a journal which he
edited. Davy left for Bristol October 2,1798, and, the year following, he there
discovered the properties of nitrous oxide gas, (protoxide of nitrogen,) a discov-
ery which rendered his name popular in the three kingdoms.
VI.-T-iE FIRST COURSE OF CHEMISTRY GIVEN BY DAVY.--THE DISCOVERIES

MADE BY HIM IN THE LABORATORY OF THE INSTITUTION.

We have shown how Davy had entered the Royal Institution and the success
which lhe there attained as professor. His lectures took place on Thursdays at
2 and 8 o'clock in the afternoon, and on Saturdays at 2. The earlier lectures
of the afternoon were devoted to general chemistry, those of the evening to its
applications. The abstract of his first course has been preserved ; it was
divided into three parts: the chemistry of ponderable substances; the chemistry
of imponderable substances; the chemistry of the arts.
The first of these parts treats: (1) of chemical forces and their modes of

application; (2) of uncompounded substances or simple principles; (3) of bodies
compounded of two simple substances (4) of bodies compounded of more than
two simple substances; (5) of substances compounded of different compound
bodies and of simple bodies; (6) of the general phenomena of chemical action.
The second part treats: (1) of beat or caloric; (2) of light; (3) of electrical
influence; (4) of galvanism. Tle third part treats: (1) of agriculture; (2) of
tanning; (3) of bleaching; (4) of dyeing; (5) of metallurgy; (6) of the man-
ufactu'e of glass and porcelain; (7) of the preparation of solid and liquid ali-
ments; (8) of the employment of artificial heat and light.
Nominated to the incumbency of the chair of chemistry May 31, 1802, Davy

resigned it April 5, 1813. lIe had given his last lecture April 9, 1812, the day
after that on which he had been knighted by the prince regent, and the eve of
his nuptials with Mrs. Aprecce, a union which made him master of a largo for-
tune. He had shed great lustre on the Royal Institution, at the same time that
he changed the character which had pervaded the thought of its founder. The
Institution was no longer a school of arts and trades, established with a view
to the most numerous class of society, but redounded almost exclusively to the
profit of the higher classes. " Ladies of the highest rank," says Cuvicr, "fol-
lowed his lectures, together with lords of high degree, and the most distin.
guished of the young men." The spirit of research was introduced, and the
laboratory of the Insltitution became the theatre of the most brilliant discoveries
It was there that Davy discovered the laws of electro-chemical decomposition;
succeeded in decomposing the fixed alkalies, established the true nature of
chlorine, and the philosophy of flame. The electric battery with which the
separation of potassium and of sodium was effected, and which is still preserved
in the estalblishment with other apparatus used by Davy, consisted of three bat-
teries combined, one of 24 square plates of copper and zinc, of 12 inches to the
side, another of 100 plates of six inches, and the third of 150 plates of four
inches. 'The discovery of potassium was made October 6, 1807. The pleasure
which Davy experienced at seeing the small globules of the new metal spring
through the crust of potash and kindle on contact with the air was witnessed
by his relative and assistant, Edmund Davy. " Our professor could not restrain

A .Syllabus of a Corse of Lectures o Chemistry, delivred at the Royal lntitutwi
Grtat Britai, by 11. Davy, professor of chemistry, pp. 91, octavo, London, Cadell
Davies, 1W82.
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hlis lelighlt, and began dancing around the room in a transport of joy, and it
w\:s some tile before he recovered sufficient composure to continue tlle experi-
ment." TLe directors and principal members of the institution afterwards
caused a galvanic battery of 600 pairs of four-inch plates to be constructed,
and tlis again was replaced by a battery of 2,000 pairs. This powerful artil-
lerv was directed against the earths, and the new metals received the names of
barium, strontium, calcium, and magnesium, after the names of the earths from
which they were separated.
The limits which we have prescribed to ourselves do not permit us to follow

Davy after his retirement from the Institution. "If I relinquish teaching," he
ruote to his brother at the time of his marriage, " it is solely with the purpose

of having more time to devote to original researches and to the advancement of
the great objects of science." But from 1812 his life was essentially that of a
traveller and man of the world; he was created baronet in 1818, three years
after the discovery of the safety-lamp,* and died at Geneva May 29, 1829.

VII.--NOMInATION OF DR. TOUNG TO THE CHAIR OF NATURAL PHILOSOPHY.

Towards the close of 1801 the directors of the Royal Institution nominated
to the chair of natural philosophy (physics and mechanics) a man of perhaps
still greater genius than Davy, the celebrated Dr. Young.
Thomas Young was born at Milverton, in Somersetshire, June 13, 1773. He

was an infant prodigy. At two years of age he could read fluently; at four lie
could recite from memory a great number of English writers and even Latin
poims, of which, however, he understood not a word. From nine to fourteen
lie learaed, besides Greek and Latin, the French, Italian, HebreiwPersic, and
Arabic languages; " French and Italian, incidentally, for the purpose of satis-
fying the curiosity of a comrade who had in his possession several works printed
at Plaris, whose contends he was desirous of knowing; Hebrew, in order to read
the liblle in the original; Persic and Arabic, with a view to tile decision of
the question, which lad arisen in a conversation at table, whether differences exist
Between the oriental languages as marked as those which exist between European
langnsages." (Arago, biographyy of Thomnas Young.) His passion for knowl-
edgc was unbounded, and no obstacles stopped him in its pursuit. Having seen
a land-surveyor at work, when lie was scarcely eight years old, he applied him-
self to learn, by means of a dictionary of mathematics, the nature of the opera-
tions, and soon qualified himself to make the calculations. Still later, lie con-
ceives an ardent taste for botany, and undertakes to construct a microscope.For that purpose he nmust first know the theory of the instrument; and, as lie
has at hand nothing but a book bristling with analytic formulas, lie studies
the differential calcutls in order to comprehend it, and, between times, acquires
great skill in tle art of turner. His favorite maxim was, that ercr)y man may
do what any otlcr man hlas done. While he was prosecuting his medical studies
in Edinburgh, which had been commenced in London, lie acquired so much
skill in funambulism as to compete with a famous professor of the art; and at
G(ittingen, where lie passed nine months, and where he received tile degree of
doctor of medicine, he attained extraordinary dexterity as a vaulter on horse-
back. Profoundly versed in the theory of music, he also cultivated his powers
*See the Hitorly of the Roal Society of London, where will be found other details respect-

ing Davy, and, among the rest, respecting the mortification which he sustained in relation
to certain means he had proposed for preventing tihe corrosion of the copper with which ves-
sels are lined. I add an extract from a letter, which he wrote on this occasion to Mr. Chil-
dren: "A mind of much sensibility might be disgusted, and one might be led to say: Why
labor for the public interest, when the sole recompense is abuse I Theyhbve irritated me
more than I should have been, but I become wiser day by day, calling to remembrance
Galileo and the time when the philosophers and benefactors of society obtained no other
recompense for their services but the stake."
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of execution to such an extent that Arago says of him in the biography before
cited: "Of all known instruments, including even the Scotch bagpipe, it
seems certain that there were but two on which lie could not perfornn. . Iis
brilliant discoveries in physics are well known. In 1818, the illustrious author
of the doctrine of interference of light, having been nominated secretary of the
bureau of longitudes, and charged with the supcrintendero of the Nautical
Almanac, turned his attention to astronomy, and abandoned almost entirely the
practice of medicine. As a physician his services had never been in any great
request. Iec was suspected of being too hlarned, and, in truth, "notwithstand-
ing his knowledge, or, perhaps, even by reason of its vast extent, ho was wholly
deficient in confidence at the bedside of the sick."*

In a notice of the Nautical Almanac, I have mentioned the vexations which
he incurred as astronomer, and I shall not hero return to the subject.

Dr. Young died May 10, 1829 i nineteen days, consequently, before his former
colleague, Sir Humphrey Davy.

VIII.-TuE INTRODUCTORY LECTURE OF DR. YOUNG.

We shall here consider Dr. Young only as regards his connection w-ith the
Roval Institution. This connection was of no long continuance. His first
lecture was given January 20, 1802, and lie retired after having filled the pro-
fessorship two years. If we are to believe the author of his life in the Biogra-
phie Unitcrselle of thebrothers Michlaud, he had not been popular. le was

reproached with being too laconic, with not giving sufficient development to his
explanations, with want of clearness. But the learned world owes to His con-
nection with the Institution a work of the highest order, which appeared in 1807,
under the title of "A Course of Lectures on NaturalPhilo.sophy and the lcchan-
ical Atis," I, Thomlas Young, I3. D., &c.; 2 vols. (lluarto, comprising together
1,570 pagCes and S plates.t
The first lecture, which serves as an introduction to the course, possesses so

high an interest that we de(m it due to our readers to place it, at least in part,
before their eves; there is always something to be gained by knowing and
reflecting on the ideas of a man of genius:

" It is to be presumed that the greater part of those who honor with tlcir
attendance the amphitheatre of the Iloyal Institution, already know the nature
of the objects which its founders and promoters have been endeavoring to attain;
yet it would seen by no means superfluous that I should define witYi accuracy
my own views of the utility which is likely to lie derived from it and the most
efiuctual lecans of accomplishing its purposes, in order that we imay discover
more easily the best route to be pursued in our common progress through the
regions of science, and that those who are desirous of accompanying me may
know precisely what patll we mean to follow, and what ldepartmnits will more
particularly arrest our attention. * * * The primary and peculiar object
of the Institution is to apply to domestic convenience tle improvements which
have been made in science, and to introduce into general practice such mechan-
ical inventions as are of decided utility. But. while it is chiefly engaged in
this pursuit, it extends its views,i iln so me assure, to tile promotion of thle same
ends which pertain to tlhe special province of other literary societies; and it is
the more impossible that these objects should be wholly excluded, as it is upon

Biography by Arago.-" No study," said Dr. Young, " is so complicated as that of medi-
cine. It surpasses the bounds of human intelligence. Physicians who proceed without
attempting to comprehend what is before them, often see as far as those who place reliance
in hasty generalizations, based upon observations in regard to which all analogy is in
default."

t Youug had published, at the commencement of 1802, a programme of the lectures
which he proposed to deliver at the lRoyal Institution, under the title of "A Syllabus of
Lectures on Xlatlurtl uad Erperimctal Philosophy," in a quarto volume of 193 pages.
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the advancement of these that the specific objects of the Institution must ulti-
maltely depend. It follows that the dissemination of physical and chemical
knowledge becomes a truly essential part of the design of the Royal Institu-
tion; and this department must, in the natural order of arrangement, be anterior
to the application of the sciences to practical uses. To exclude all knowledge
except that which has been already applied to immediate utility, would be to
relduce our faculties to a state of servitude, and to frustrate the very purposes
which we are laboring to accomplish. No discovery, however remote in its
nature from the subjects of daily observation, can witl reason be pronounced
wholly inapplicable to the benefit of mankind.
" It has seemed to me, therefore, to be not only the best beginning, but also an

object of high and permanent importance in the plan of the Royal Institution,
to direct public attention to the cultivation of the elementary doctrines of nat-
ural philosophy, as well speculative as practical. Those who possess the genu-
ine spirit of scientific investigation, and who have tasted the pure sati.tfcition
arising from an advancement in intellectual acquirements, are contented to pro-
ceed in their researches, without inquiring at every step what they gain by their
unely discovered lights, and to what practical purposes they are applicable; tlev
receive a sufficient gratification from the enlargement of their views of the con-
stitution of the universe, and experience, in the immediate pursuit of knowledge,
that pleasure which others wish to attain more circuitously by its means. And
it is one of the principal advantages of a liberal education, that it creates a sus-
ceptibility of an enjoyment so elegant and so rational.
"A considerable portion of my audif'nce, to whose information it will be my

particular ambition to accommodate my lectures, consists of that sex which, by
the custom of civilized society, is in some measure exempted from the more labo-
rious duties that occupy the time and attention of the other sex. The manyleisure hours which are at the command of females in the superior orders of soci-
ety, may surely be appropriated, with greater satisfaction, to the improvement of
the mmind and tle acquisition of knowledge, than to such amusements as are
only designed for facilitating the insipid consumption of superfluous time. The
hours thus spent will unquestionably become, by a little hablit, as much more
agreeable at the moment, as they must be more capable of affording self-appro-liation upon reflection. And besides, like the seasoning which reconciled the
Spartans to their uninviting diet, they will even heigten the relish for thoso
pursuits which they interrupt; for mental exercise iL as necessary to mental
enjoyment, as corporal labor to corporal health and vigor. In this point of
view, the Royal Institution may in some degree supply te' place of a subordin-
ate university to those whose sex or situation in life has denied them tle advan-
tage oif an academical education in the national seminaries of learning.
" But notwithstanding the necessity of introducing very copiously speculationsof a more general nature, we must not lose sight of the original objects of the

Royal Institution; and we must therefore direct our attention more particularlyto the theory of practical mechanics and of manufactures. In these depart-
ments we shall find some deficiencies which may, without much difficulty, be
supplied from scientific principles; and by an ample collection and display of
models, illustrative of machines and of inventions of all kinds, we may proceed
in tile most direct manner to contribute to the dissemination of that kind of
knowledge which is more particularly our object. So that we must lie moro
practical than academies of science, and more theoretical than societies for the
improvement of arts; while we endeavor at the same time to give stability to
ou(r proceedings by an annual recurrence to the elementary knowledge which is
sublservient to both classes of institutions, and, as far as we are able, to apply
to practice the newest lights which may, from time to time, be thrown on par-ticular branches of mechanical science. It is tlus that we may most efiectuldly
perform what the sophists of antiquity but verbally professcel, to bring down
philosophy from the heavens, and make her an inhabitant of the earth.
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' 1T9 those who are engaged in the practical cultivation of various arts conduu
cive to the conveniences of life, these lectures may be of utility by furnishings
them with well-established principles, applicable to a variety of cases which
may occasionally occur to them, when a little deviation from the ordinary rou.
tine of their profession may be necessary. Unfortunately, the hands that exe.
cute are too often inadequately supported by the head that directs; and much
labor is lost for want of a little previous application to the fundamental doe.
trines of the mechanical sciences. Nor is any exorbitant portion of time or
industry necessary for this purpose; for it happens that almost all practical
applications of science depend on principles easily learned. * *
We mav also be able to render an important service to society, and to confer a
still more essential benefit on individuals, by repressing the premature zeal of
unskilful inventors. We need only read over the monthly accounts of patents
intended for securing the pecuniary advantages of useful discoveries, in order to
be convinced what expense of time and fortune is continually lavished on the
feeblest attempts to innovate and improve. If we can be successful in convinc-
ing such inconsiderate enthusiasts of their real ignorance, or if we can show them
that even their own fairy ground has been preoccupied, we may save them from
impending ruin, and may relieve tle public from the distraction of having its
attention perpetually excited ly unworthy objects. The ridicule attendant on
the name of a projector has been in general but too well deserved; for few,
very few, who have aspired at improvement, have ever had the patience to sub-
mit their inventions to such experimental tests as common sense would suggest
to an impartial observer. We may venture to affirm that out of every hundred
of fancied improvements in arts or in machines, ninety at least, if not ninety-
nine, are either old or useless; the object of our researches is, to enable ourselves
to distinguish and adopt the hundredth. But while we prune the luxuriant
hoots of youthful invention, we must remember to perform our task with len-
ency, and to show that wo wish only to give additional vigor to the healthful
branches, and not to extirpate the parent plant.

" The Repository of the Institution, as soon as it can be properly furnished,
will be considered as a supplementary room for apparatus, in which the most
interesting models exhibited and described in the lectures will be placed for
more frequent inspection, and where a few other articles may perhaps deserve
admission, which will not require so particular an explanation. To those who
have rotitedlb the lectures, or who are already too far advanced to stand in
need oi them, our rooms for reading and for literary conversation may be a

source of mutual instruction. Our library in time must contain all those works
of importance which are too expensive for the private collections of the gener-
ality of individuals, which are necessary to complete the knowledge of partic-
ular sciences, and to which references will occasionally be given in the lectures
on those sciences. Our journals, free from commercial shackles, will present the
public from time to time with concise accounts of the most interesting novelties
in science and the useful arts; and they will furnish a perpetual incitement to
their editors to appropriate, as much as possible, to their own improvement,
whatever is valuable in tle publications of their contemporaries. When all the
advantages which may reasonably be expected from this Institution shall 1e
fully understood and impartially considered, it is to be hoped that few persons of
liberal minds will be indifferent to its success, or unwilling to contribute to it
and to participate in it.
"To that regulation which forbids the introduction of any discussions connected

with tlhe learned professions I slall always most willingly submit and most
punctuallv attend. It requires the study of a considerable portion of a malm's
life to qualify him to be of use to mankind in any of them; and nothing can be
more pernicious to individuals or to society than the attempting to proceed prac-
tically upon an imperfect conception of a few first principles only. In physic
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the wisest can do but little, and the ignorant can only do worse than nothing;
and just as anxiously as we are disposed to seek whatever relief the learned and
experienced may be able to afford us, should we cautiously avoid the mischievous
interference of the half-studied empiric; in politics and in religion, we need but
look back on the history of kingdoms and republics, in order to be aware of the
mischiefs which ensue when ' fools rush in where angels fear to tread.'"

IX.-CO.rTIIATION OF THE INTROIDUCTORY LECTURE.

' Deeply impressed with the importance of mathematical investigations, both
for the advancement of science and for the improvement of the mind, I thought
it in thie first place an indispensable duty to present to the Royal Institution in
my syllabus a connected system of natural philosophy, on a plan seldom if ever
before executed in the most copious treatises. Proceeding from the simplest
axioms of abstract mathematics, the syllabus contains a strict demonstration of
every proposition which I have found it necessary to employ throughout the
whole extent of natural philosophy. In the astronomical part only, some obser-
vations (occur unsupported by mathematical evidence. Here, however, it was as
impracticable as it would have been useless to attempt to enter into investiga-
tions, which in many instances have been extended far beyond the limits even
of Newton's researches. But for the sake of those who are not disposed to
undertake the labor of following, with mathematical accuracy, all the steps of
the demonstrations on which the doctrines of the mechanical sciences are founded2
1 shall endeavor to avoid, in the whole of this course of lectures, every intri-
cacy which might be perplexing to a beginner, and every argument which is
fitter ior tle closet than for a public theatre. Hero I propose to support the
same propositions by experimental proofs; not that I consider such proofs as the
lost conclusive, or as more interesting to a truly philosophic mind than a
deduction from general principles, but because there is a satisfaction in discover-
ing the coincidence of theories with visible effects, and because objects of sense
are of advantage in assisting the imagination to comprehend and memory to
retain what, in a more abstracted form, might fail to excite sufficient attention.
This combination of experimental with analogical arguments constitutes the
principal merit of modern philosophy.
"With regard to the mode of delivering these lectures, I shall in general

entreat my audience to pardon the formality of a written discourse in favor of
the advantage of a superior degree of order and perspicuity. It would unques-
tionably be desirable that every syllable advanced should be rendered perfectly
easy and comprehensible, even to tie most uninformed; that the most inattentive
might find sufficient variety and entertainment in what is submitted to them to
excite their curiosity, and that in all cases the pleasing, and sometimes even the
surprising, should be united with tie instructive and tie important. But when-
ever there appears to be a real impossibility of reconciling these various objects.
I shall esteem it better to seek for substantial utility than temporary anuse-
m(ent; for if we fail of being useful for want of being sufficiently tpoiular, weremain at least respectable; but if we are unsuccessful in our attempts to amuse,
we immediately appear trifling and contenptible. It shall, however, at all times
be my endeavor to avoid each extreme, and I trust that I siall then only lIo
conillemnled, when Iamf astrsmfound astru m ostentation or uninteresting from
supineness. The most difficult thing for a teacher is to recollect how mIuch it
cost himself to learn, and to accommodate his instruction to the apprehension of
the uninformed; by bearing in mind this observation, I hope to be able to ren-
der my lectures more and more intelligible and familiar; not by passing over
dilliculties, but by endeavoring to facilitate the task of overcoming them; ant
if at any time I appear to have failed in this attempt, I shall think nmyrelf hon-
ored ,by any subsequent inquiries that my audience may be disposed to make.
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" .'ce have to extend our views over the whole circle of natural and artificial
knowledge, to consider in detail the principles and application of the philosophy
of nature :and of art. T* 'o insist on the propriety of a distinct and
logical order is unnecessary; for, however superfluous we may deem the scholastic
forms of rhetoric, it is ctontfessedly advantageous to the judgment as well as to
the Umemory to Iunite the tilhings which are naturally connected, and to separate
tlhoe which are essentially distinct. When a traveller is desirous of lecomiing
aclquainted with a city or country before unknown to him, he naturally begins
by taking from some elevated situation a distant view of the distribution of its
parts; uand in the same manner, before we enter on the particular consideration
of the subjects of our researches, it may le of use to term to ourselves a general
idea of the sciences and arts which are to be placed anong them. * * *
Tlhe division of the whole course of lectures into three pats was originally sug-
gested by the periodical succession in which the appointed hours recur; blut it
appears to be more convenient than any other for the regular classification of
the subjects. The general doctrines of motion, and their application to all pur.
poses variable at pleasure, sul)ply the materials of the first two parts, of which
the one treats of the motions of solid bodies, and the other of those of fluids,
including the theory of light. The third part relates to the particular history
of the phenomena of nature, and of the affections of bodies actually existing in
the universe, independently of the art of man; comprehending astronomy, geog-
raphy, and the doctrine of the properties of matter, and of the most general and
powerful agents that influence it.*

"Tlhe synthetical order of proceeding, from simple and general principles to
their njorc intricate combinations in particular cases, is by far the most conipen-
dious for conveying information with regard to sciences that are at all referable
to certain fundamental laws. For these laws being once established, each fact,
as soon as it is known, assumes its place in the system, and is retained in the
memory by its relation to the rest as a connecting link. In the analytical nmole,
on the contrary, which is absolutely necessary for the first investigation of truth,
we are obliged to begin by collecti.ig a tnumlber of insulated circumstances, which
lead us back by degrees t the knowledge of original principles, but which, until
we arrive at those principles, are merely a burden to the memory. For the lphe-
noimena of nature resemalle the scattered leaves of Sybillino )prol)hecis ; a word
only or a single syllable is written on each leaf, which, when separately counsid-
eredl, conveys no instruction to the mind; but when by the labor of patient investi-
gation every fragment is replaced in its appropriate connection, the whole begins
at once to speak a lerspicuous and harmonious language.

" lkfore ,proceeding to the examination of the several parts of our plan, we
must pause to consider the mode of reasoning which is the most generally to be
adopted. It depends on the axiom which has always been essentially concerned
in every ilmlrovement of natural philosophy, lbut which has been more andinmre
employed, ever since the revival of letters, under the name of induction. That
like c(au.ses Iproduce like effects, or that in similar circumstances similar conse-
quences ensue, is the most general and most important law of nature; it is the
foundation of all analogical reasoning, and is collected from constant experience
by an indispelwnsale and unavoidable propensity of the human mind. * * *
In the applicationlf induction, the greatest caution and circumspection are ieces-
sary; for it is obvious that Iefire we can infer with certainty the complete simi-
larity of two events, we mIlst be perfectly well assured that we are acquainted

* This third pmrt should include, along with the properties of matter and the particular
action of its particles, the whole of chemical science: but the variety and inmlortance of
the research of chemistry require a separate and minute discussion, and the novelty a well
as beauty of uumay of the experiments with which the labors of our contenilpwrries have
enriched this branch of knowledge, and which will be repeated in the auiphilheatre of the
Institution by the professor of hebmuistry, suffices to ak this part of natural philosophy the
most interesting o all the sciences.
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with every circumstance which can have any relation to their causes. The error
(of some of the ancient schools consisted principally in want of sufficient lprecau-
tion in this respect; for although Bacon is with great justice considered as the
author of the Imost correct method of induction, yet, according to his own statc-
ment, it was chiefly the guarded and gradual application of the mode of argu-
nent that lie labwred to introduce. lie remarks that the Aristotelians, from a
hasty observation of a few concurring facts, proceeded immediately to deduce
universal Iprinciples of science and fundamental laws of nature, andl then derived
from these, liy their syllogisms, all the particular cases which ought to have been
iade intermediate steps in the inquiry. Of such an error we may easily find a
familiar instance. We observe that, in general, heavy bodies fall to the ground,
unless they are supported; it was therefore concl(lded tlat all heavy botlies tend
ldownwards; and since flame was most frequently seen to rise ulpwarls, it was
therefore inferred that flame was naturally and alsolutelv light. IIad sulicient
precaution lcben employed in observing the effects of fluids on falling and on
floating bodies, in examining the relations of flame to the circumatlllient atuo-
sphere, and in ascertaining the specific gravity of the air at different temtnpera-
tures, it would readily have been discovered that tle greater weight of thle colder
air was the cause of the ascent of the flame-fl-tue cting, less heavy than air, but
yet having no positive tendency to ascend. And a(ccoringlylthe Epicureans,
rose arguments, as far as they related to matter and motion, were often more
accurate tlan those of their contemporaries, had corrected this error; for wc find
in the second book of Lucretius a very just explanation of the phenomenon:

"See with what force yon river's crystal stream
Resists the weight of many a uliosive beam.
To sink the wuod the more we vainly toil,
The higher it rebounds with swift recoil.
Yet that the beam would of itself ascend
No man will rashly venture to contend.
'Thus, too, tlle flame has weight, though highly rare,
Nor mounts but when compelled by heavier air."

"It may lbe proper to notice here those axioms which are denominated by New-
ton ruils of philosophizing, although it must 1be confessed that they render us
very little immediate assistance in our investigations. The first is that ' no more
causes are to be admitted as existing in nature than are at once true and sullicielt
for explaining the phenomena to be considered;' the second, 'therefore effects
of tlie same kind are to lie attributed, as flr as possible, to the sarmer causes;
thirdly, 'those qualities of bodies which cannot Ie increased nor diminished,
and wllicl are found in all lbodies within the reach of our experiments, are to 1Ie
considered as general qualities of all bodies existing;' fourthly, 'in expseri
neitnl philosophy, propositions collected by induction from phenomena are to be
estelenme either accurately or very nearly true, notwithstanding any contrary
hyiptlhesis, until other phenomena occur by which they may either be corrected
or 'clfuited.'
"As art illustration of the remark that these axioms, though strictly true, are of

little real utility in assisting our investigations, I shall give an instance from the
subject of electricity. Supposing that we wish to determine whether or nro the
electric fluid hals weight, we are to inquire whether or no gravitation is ole o,f
tlo.?e Iprop,,erties which are described in the third rile, ail whether that rule will
altlhorize Ius to apply it to the electric fluid as one of those qualities of bodies,
which cannot le increased or diminished, which are founll in all bodies within
the rea:th of omur experiments, and which are therefore to lie considered as general
qual:lii s of all bodies existing. Now, it appears to be, in tie first place, irtmeer-
t;i:ti whether or no the increase and diminution of gravity, from a change of dlis-
tallce, is strictly compatible with tith terms of the dlefinition; and in tiet( s(ectlnd
place, we arc equally at a loss to decide whether or no the electric fluid can with
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propriety be called a body, for it appears in some respects to be wholly different
from tangible matter, while it has other qualities in common with it. Such are
the difficulties of laying down general laws on so comprehensive a scale that we
shall find it more secure to Ie contented to proceed gradually by closer induc-
tions in particular cases. We shall, however, be seldom much embarrassed in
the choice of a mode of argumentation. The laws of motion, which will be the
first immediate subject of discussion, have indetel sometimes been referred to
experimental evidence, but we shall be able to deduce them all in a satisfactory
manner, by means of our general axiom, from reasonings purely mathematical,
which, wherever they are applicable, are unquestionably preferable to the imper-
fect evidence of the senses, employed in experimental investigations.

X.-SUMMARY OF DR. YOUNGr S COURSE OF LECTURES.

A scientific publication * of that epoch takes the following notice of the work
of we have just been speaking:

" When Dr. Young accepted the chair of physics in the Royal Institution, he
regarded that position as demandling of him something else than a Einlle conm-
pilation from elementary treatises; consequently he engaged in researches among
original authorities, in examining attentively and uniting in a single system all
that related to the principles Uf mechanical science, and all that could contrib-
ute to the improvement of the useful arts. In following this plan he has reduced
the fundamental doctrine of movement to simple mathematical axioms in a more
imninalite manner than hadbeIfore been done, and he has facilitated tlhe appli-
cation of those principles to all the cases which present themselves in practice.
lie has investigated by a great numibr of experiments the force or tenacity of
materials of every kind; a labor of which the results are highly imll*rtant to
the engineer and the architect. lie has simplified, extended and elucidated the
theory of the movement of waves, that of the circulation of the bloho, and of
the propagation of sound. He has studied the curvature of images produced by
lenses and mirrors; he has examined in detail the functions of the eye, and rep-
resented in a very comprehensive and very exact manner the phelnoulnla of colored
light; lie has also pointed out some new cases of the production of colors. He
has reduced the theory of tides to a very sinmlle form; and his researches on the
cohesion and capillary action of fluids are anterior to those of M. do Laplace.
He has made different comparative experiments on the elasticity of the steam of
boiling water, on evaporation and the hygrometric indications; in fine, his work
is strewn, to a large extent, with new inventions and practical applications.
"The second volume begins with the mathematical elements of the physical

sciences. Here are found all the propositions requisite for forming a comlllete
series of demonstrations applicable to all the important cases whici occur in that
department of scientific inquiry. The author has excluded only somle of the
more complex calculations of astronotny. A considerable portion of tile volume
is occupied by a comprehensive catalogue of works relating to physics and tlhe
arts, methodically sullivided, anl accompanied with such strictures as, in the
judgment of the author, were due to their respective degrees of merit.

XI.-THE COURSE OF NATURAL PHILOSOPHY GIVEN AT THE ROYAL rISTITU-
TION BY DOCTOR DALTON.

After the retirement of Young, Dalton,t the celebrated author of the atomic
theory, was invited to London to give a course of natural philosophy at the

Nichulwsu's Journul. Our extract is derived from the BiUiothqauc Brit"lxanue, t. xxxvii,
No. 4, April. 1PM.
tJohn Dalton, horn September 5, 1766, at Eaglesfield, in Cumberland, died July 27,

1844, at Manchester, where he had passed his lite in making chemical aunlyes tfor the
manuifacturers, the price of which varied from a few shillings to a sovereign, aud in giving
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Institution. -le has himself recorded, in a letter to one of his friends, what
occurred on this occasion, and the relations which he ad borne to Davy. "I
was presented," he says, "to Mr. Davy, whose rooms at the Iloyal Institution
adjoin mine. He is a most agreeable and intelligent young man,and of an evening
we have some interesting conversations. His chief defect, as a philosopher, is
that he does not smoke. Mr. Davy advised me to spare no labor on my first
lecture. He told me that tie world hereabouts would be disposed to form its
opinions from this introduction: consequently I resolved to write my first lecture
throughout; to do nothing but give a statement of what it was my intention to
undertake, and to expatiate on the importance and utility of the science. I studied
and wrote for nearly two days; 1 then calculated, almost to a minute, tlhe time
which my lecture would occupy, adapting my discourse to a duration of 50 min-
uts. 'Tlhe day before that on which I was to deliver my lecture, Davy and I
repaired, in the evening, to the amphitheatre, where I read my lecture to the end,
while he remained stationed in the farthest corner; next, ie read while I repre-sented tile auditory. We then discussed our respective styles. The next day I
read my discourse before a company of 150 to 200 persons, which was tmore than
had been expected. When I had finished there was general appluhse, and a
great u:zany of the audience came forward to compliment me. Since that occa-
sion 1 have rarely written at all, relying solely on experiment and verbal expla-nation. In general, my experiments have been highly successful, and I have
not once become embamrru ed in my statements; so that now, when 1 enter the
lecture room, I feel scarcely more concern than when I smoke a pipe with you
on .Suntlay and Wednesday evenings." To believe, however, an eminent critic,
Dalton must unconsciously have put too ligh an estimate on a sutccss, of which
the politentess of the audience seems to have defrayed the chief exlpnse, and to
which the simplicity and singularity of the man contributed probablyl more than
any talent he possessed as aiprofessr. " It wouldlie ctficult toconceive," says
the writer referred to, (Quarterly Review, No. XCVI,) ' anything more awl-
ward and inadequate than his manner of treating the great physical truths Iefolre
him. His experiments in public frequently failed; his delivery was dry, indis-
tinct, and without expression, and lie was far from po-wesing the language and
power of illustration necessary to the )prfeesor who deals with the loftv ihemles
of ulhilosophy, and by means of which Davy and Faraday have sledl so brilliant
a light on their great discoveries."

Dalton survived Davy and Young, and, in 1830, was chosen to replace tieo
former as one of the foreign associates of the French Acadenmy of Sciences. In
1832, having gone to Oxford to be present at the meeting of the Brilish Asso-
ciation, lhe received from the University the diploma of Doctor of Civil Law;
and hence, modest and sill)le as lhe was, a mnn whose chief pleasures on earth
were the pipe anti playing at blowls, le was to be seen, for several days, invested,
whenever lie went abroad, witl the re robe of the doctorate. Ile allowed him.
self, at the instance of Mr. Babbage, to bel presented at court, and that gentle-
nli h.si recounted for us all tle incidents of this grand event in the life of the
philosopher of Manchester Lord Brougham, at that time Lord Chancellor,
offered his services to make the presentation, and had already spoken of it to the
King; but difficulties super lmed. Dalton, in his quality of Quaker, could not
assume the uniform of the court, which would have required him to wear a
uword. It was suggested to dress him in tlhe robe of a doctor of laws of
Oxford; but red was not a color admissible by Quakers. Luckily, the sight of
Dalton was of such a nature as did not enable him to distinguish colors; he
labored rumder a sort of blindness as regards them. Therlre remained the cap of
lessons on chemistry and mathematics, at the rate of two shillings and a half per hour when
he bad but one scholar, and one and a half only for each scholar when he had two or more.
Io J:33, the government had spontaneously granted him a pension of 150 pounds, which
pension was doubled in 1i6.
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velvet; but lie was made to observe that the cap was usually carried in the
hand, and that it was rather the sign of a dignity than a covering for the head.
These difficulties being overcome," continues Mr. Babbage, " the doctor came

one morning to breakfast with me. We were alone, and, after breakfast, I
recited the ordinary forms of a levee, and, placing some chairs to represent the
different officers of the reception room, I stationed the doctor in the midst of
the circle to represent the King. I then said to my friend that I would repre-
sent a greater man than the King; that I would personate Dr. Dalton; that
I would enter at the farthest door, mako the tour of the circle, and bow before
his Majesty; and that thus he would have an idea of the ceremony in which he
was to take a part. In passing in front of the third chair, before arriving at
the King, I deposited my card on the chair, apprising the doctor that this was
the post of the lord in attendance who took tle cards and handed them to the
succeeding officer, who announces them to the King. In passing before the
philosopher I kissed his hand, and, moving afterwards around the rest of the circle
of chairs, I thus gave lim his first lesson as a courtier." A second rehearsal
having taken place, Dalton made his entrance at Saint James's in the midst of
an assembly in which figured several of the higl dignitaries of the Anglican
church. "I intimated to the bishop of Gloucester," adds Mr. Babbage, "that
I had beside me a Quaker, but at the same time assured him that my peaceable
friend was far from meditating any attempt against the Church. The effect was
electric on the whole party; Episcopal eyes had never witnessed such a specta-
cle in such a society, and I am inot without apprehension that, notwithstanding
my assurances, some of the prelates may have thought the Church seriously in
danger." As to Dalton, he came out of the affair very creditably. The King
addressed to him several questions, to which he replied without being at all
disconcerted.

XII.-CoocUR OF MORAL PHILOSOPHY BY SYDNrEY SMTri.

Sydney Smith, (born 1768, died February 22, 1845,) one of the founders of
tbe Edinburgh review, whom we must not confound with the celebrated admiral
of the same name, arrived in London towards the close of 1803. He quickly
Iecame noted as a preacher, and obtained great consideration in the highest soci-
etv. The directors of the Institution were at that time, as they have never
ceased to wb, on the watch for all talents capable of reflecting lustre on their
establishment; they invited Smith to give a course of moral philosophy, cmbrac-
ing all the operations of the mind. " I did not know," said he,* forty years
afterwards, " the first words of moral philosophy, but I had need of 200 pourida
to furnish my house. The success was prodigious." Smith is pleased to exag-
gerate his ignorance. IIe had pa ed five years at Edinburgh, and had enjoyed
opportunities of hearing Dugad Stewart and Thomas Brown in their favorite
science.

T'le first course commenced in November, in 1804, the second was delivered
in the spring of 1805, and the third the following year. Conversation, during
the winter of 1804-1805, turned scarcely on anything else but the young
Roscius and his lectures. He had from 600 to 800 auditors, (Quarterly liee-icw,
No. xcvii.) Yet, if we are to believe the celebrated Review founded biy ydney
Smith, it would be impossible to conceive an assembly less pL.rpared to comupre-
hend the mysteries of the understanding than a metropolitan audience at that
epoch.t

* Letter addressed to Dr. Whewell in 1813. Qutrterl/ Review, No. xcvii.
t Edixnbrgh Hrtriew, No. xci. The lectures of yd(ney Smith have been published in 1^49,

at London, under tle title: £lnemftar Sk1etcherf Mural Pkilvsoph, deltered at t/e loyal
ltnstituion, in tjke yar Jd 1,It, ued IO.
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XIII.-BRANDE, THE SUCCSSOR OF DArT, AT TaE ROYAL INSTITUTION.

It has been seen that Davy gave his last lecture at the Royal Instiotion April
9, 1812, but did not resign the chair till a year afterwards. In the interval, Mr.
W. T. Brande (born at London January 11, 1788) was invited by the directors
to prepare a course of trial lectures, which was delivered ia 1813, and was
immediately followed by his nomination to the vacant chair. The same year
CopiJl's medal was awarded to him by the Royal Society for his cominunica-
tions on the alcohol contained in fermented liquors, and other memoirs published
in the Philosophical Trannactions. In 1816 he replaced Walloston as one of tlh
secretaries of the Royal Society, and occupied that post, for which ho had been
designated by Wollaston himself, till 1826.

Mr. Branded has been successively superintendent of the chemical operations
at the College of Pharmacists, in London, professor at the Royal Institution, and
warden at the EnglishtMint. le resigned his chair at the Institution March
16, 18-2, and gave his last lecture April 3. The following are the terms in
which h1e took leave of his auditors:
"I have aimed in this course to show the intimate relation which exists

between abstract science and the useful arts, between the refinements of modem
chemistry and the improved and extended condition of some of our principalmanuiactures; and having terminated that course, it remains for me to take
leave of you. I can say conscientiously that it is with reluctance that I quit
my chair, but the hoarseness to which I am subject has, for some time, so interfered
with my lectures, and is so evidently aggravated by the exertion of speaking,
that the measure has become, if not a necessity, at east an act of prudence.

"' I have been officially attached to the Institution for a Iperiod of 40 years.
During the greater part of that time, from 1815 to 1848, I gave also a series of
lectures and demonstrations on theoretical and practical chemistry in the lalbor-
atorv Ibeneath us. They were designed for students of every kind, and took
place three times a woek, from October to May. They were tle first lectures
give nnLondon in which the attempt was made to embrace so extensive a view
of chemistry and its applications, comprising technical, mineralogical, geological
and medical chemistry; and I recur to them with much satisfaction, because I
can legitimately chlim for them the merit of having sustained tleo Jlan of this
Institution and added to its usefulness; of having aided in diffusing the knowl-
edge and love of science, to-day so general; of having done this for students of
every grade and of all classes; and of having thus fulfilled one of our principal
objects.
"As regards the lectures which are given in this amphitheatre, I will not dis-

semble that I relinquish them with regret. The instruction here given in chem-
istry has to me been always a pleasure; and it has not been nor can it ho
granted to more than a very few to teach it with success, and to such an audi-
tory, for so long a period. * * Other thoughts still press ulpon me, when
I look back nluon the long years which I have passed within these walls. I
rnjoice that I leave the InStitution more prosperous, in all respects, than at any
former epoch; its scientific reputation better established, its foundation more
solid, its halls more frequented, its usefulness better recognized; and I cannot
but see in it a fruitful source of the popularity of science, aul tile extension of
schools destined for scientific instruction, features which so eminently distinguish
the present age, and which are especially manifest in this powerful metropolis.* * * When I regard the Royal Institution under a personal point of view,
I reverence it as my alma mater, where, while yet a scholar, I listened to the
pregnant eloquence of Davy, before I enjoyed his acquaintance and shared his
friendship; where I was distinguished by the patronage of Sir Joseph lB.ulks;
where I was chosen by Wollaston to suhcced himself as secretary of the Royal
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Society; where I have been frequently brought into contact with the chiefs of
science, of literature, nnd of art; where Faraday became my pupil, my col-
league, and my friend."

Mr. Brande was named honorary professor, and the chair of chemistry was
given, in 1863, to Mr. Edward Frankland.
XIV. MR. FADADAY.- HIS OUTSET IN LIFE.-HIS rESEA.RCHES AND

LECTURES.

Mr. Faraday (Michael) was born in 1794, at Newington. His father, who
was a farrier in narrow circumstances, early apprenticed him to a book-binder of
London. At spare moments, the young Michael occupied himself with the con-
stcltion of the instruments of physics; he even succeeded in making an electrical
machine. It occurred one (lay to his master to show these objects to a customer
of his, Mr. Dance; and the latter was so much pleased with them that he pro.
cured for this apprentice, at once book-binder and physicist, permission to attend
the four last lectures of Davy at the Royal Institution, of which Mr. Dance
hinmelf was one of the earlier members. Faraday, seated in the gallery, heard
with attention and took notes; so that ho was able to write out the lectures and
send them to Davy, with a brief and modest mention of himself and a request
to be employed in the operations of the laboratory of the Institution. Davy
was struck with the perspicuity and accuracy of the memoir, and, having satis-
fied himself of the talents and industry of the author, offered him, at the begin-
ning of 1813, the place of assistant, which had become vacant at the Institution.
Faraday promptly accepted it, and, at the close of the year, accompanied Davy
to the continent in the capacity of confidential secretary. On his return to
London, in 1815, he resumed his functions at the Royal Institution, of which he
was named director in 1825, and two years afterwards became one of the pro-
fessors in ordinary.
The scientific researches of Mr. Faraday date from 1820. They have been

conducted, like those of Davy, in the laboratory of the Institution, at the cost
of the establishment, and without any assistance on the part of the state. He
has himself indicated their principal object in a few lines:
" I had early conceived the opinion, I may even say the conviction, that the differ-

ent forms under which the forces of matter manifest themselves have a common
origin; or, in other words, have so direct a relation towards and dependence
upon one another, that they are in some sort convertible among themselves and
possess equivalents of power in their action."

His efforts have, therefore, been directed towards the reciprocal relations of
heat, light, magnetism, and electricity; and he has succeeded in demonstrating
that, to a certain point, the imponderable bodies, as they were heretofore called,
are so many different manifestations of one and the same force. To speak here
only of light, it may be mentioned that, after several abortive trials which failed
to shake a conviction founded on philosophic considerations, he has succeeded
in ma.rnetizing and electrifying a ray of light, and in illuminating a magnetic
line offorce.
Nor are these the sole researches of Mr. Faraday, though to them his name

has become more especially attached.
' The memoirs which he has published on other subjects,* and his public

lectures, evince the extent of his inquiries. His rare merit as a professor is
attested by the thousands of persons who flock every year to hear him. Pos-
terity will applaud the ardor with which he has always emb-.ced philosophic
truths, without allowing any unworthy jealousy, as so often *.ppens, to distort

Mr. Faraday has succeed in liquefying and even solidifying several gae regarded as
permanent; among others, carbonic acid.
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them in his eyes; nor will it fail to recognize in him a penetrating and exact
reasoner, endowed with powers of imagination which communicate a degree of
poetic vigor to his conceptions; a genius of extraordinary resources when exper-
iments are to bo devised for realizing his ideas, and singularly skilful in execut-
ing them; a scientific writer, clear, candlid, and judicious, and often rising to
eloquence, when the grandeur of tle subject is capable of inspiring enthu-
siaslm."-Quarterly lRevicw, No. LXXIX.

Mr. Faraday received from the University of Oxford the degree of doctor of
laws, in 1832, the same year when it was conferred on Dalton. He is one of
the eight foreign associates of the French Academy of Sciences, as were also
his distinguished predecessors, Davy, Young, Dalton, and Count Rumford, the
founder of the establishment. Ho is regarded, in England, as the boast and
stay, decus ct tutamnen, of the Royal Institution.

XV.-1Ml. JOHN TYNDALL, PROFESSOR OF NATURAL PHILOSOPHY SINCE 1853.

The professor of natural philosophy at the Institution has, from 1853, been
Mr. John Tyndall, doctor in philosophy of the University of Marbnrg. Ho
was born at London, July 21, 1820, and pursued his studies at Marburg and
Berlin; he is known as the author of numerous researches on the glaciers, and
a work entitled Heat Considered as a Mode of 3Moemnent, a course of twelve
lectures delivered at the Royal Institution, and which has been translated into
French by the Abbe Moigno.
The theory set forth in these lectures considers heat as an effect of a move-

ment of vibration communicated to the molecules of bodies. Count Rumford,who was the originator of this theory, " recognized a proof of it in the continual
production of heat which takes place from movement. The boring of a bronze
cannon, for instance, in a short time throws the water into ebullition, and this
ebullition lasting as long as the movement which produced it, he found it diffi-
cult to conceive how, in such a case, a matter of any kind could be disengaged;for then it would necessarily be inexhaustible." (G. Cuvier, Eloge Historique de
Rumford.) The molccnar movement may be generated by friction, percussion,and compression, as well as by combustion. The mutual convertibility of heat
and mechanical action has been demonstrated, and it is practicable to calculate
the mechanical equivalent of heat, by which is to be understood the weight which,raised to the height of one metre, is the equivalent of the heat necessary to
raise by one degree centigrade the temperature of a kilogram of water.*

XVI.--CHAIRS FOUNDED AT THE ROYAL INSTITUTION BY MR.JOHN FULLER.-
THE PRIZE FOUNDED BY MRS. CTON.--THE PRESENT ORGANIZATION OF
THE INSTITUTION.

In 1833 Mr. John Fuller founded, at the Royal Institution, two chairs, one
of chemistry, the other of physiology; the former was given for life to Mr.
Faraday; the incumbent of tlhe latter is elected every third year. The two
professors bear the name of Fullerian Professor, from the name of the founder.
In 1838, Mrs. Acton invested the sum of £1,000, from the interest of which
the Institution is to award, once in seven years, 100 guineas to the author of
the best essay on the benevolence of the Almighty as manifested by scientific
discoveries.
The Royal Institution of Great Britain is under the patronage of Queen Vic-

toria. The charter granted it by George III, in 1800, was confirmed and
extended, in 1810, by act of Parliament. It is an association of persons devoted

* The labor which consists in raising 425 kilograms to the height of a metre is capableof being produced by the quantity of et requiite to raise by one degree the temperatureof a kilogram o water: in other words, 425 kiloegruwtr are equivalent to a cwric.
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to science and desirous of promoting its progress; its principal objects being:
(1) To stimulate to scientific and literary researches; (2) to teach the princi-
tles of inductive and experimental science; (3) to show the application of these
principles to the dffrent arts of life; (4) to afford opportunities for study. It
comprises:

1. Public lectures, designed to supply what books or private instruction can
rarely give, namely, experimental exhlibitions, comprehensive designs or detailed
descriptions of objects connected with science or art. They usually embrace a
short course at Christmas, and at least six courses, before and after Easter, tile
season extending from the middle of January to the middle of June. The
usual subjects of these courses are some of the branches of the science of induc-
tion, such as mechanics, chemistry, heat, light, electricity, astronomy, geology,
botany, and physiology. There are also, on occasion, courses upon subjects of
general interest, such as literature, the fine arts, and music.t

2. Weekly meetings of the members of the Institution. These meetings take
place every Friday evening during the season. They were established in 1896,
the members having each the privilege of introducing two of his friend byy
ticket. The object of these reunions is to bring into contact men of letters and
sav:ants, and to finish the opportunity of communicating, by discourses in the
amphitheatre, either new views or new applications of known truths, or of
demonstrating experimentally and of rendering familiar by description new
results which have been recently recorded in the scientific memoirs of philosophic
societies. Extracts from these discourses, prepared by the speakers, are printed
in the Proceedings of the Royal Institution, a copy of which is sent to each
member. The Procecedings began to appear in 1851; they constitute a sequel
to the Journals of the Institution, which began to be published in 1802, but
Lad undergone long interrilptions.

3. A laboratory, for the cultivation and advancement of tho chemical and
electrical sciences, by means of original investigations and experiments. It is
in tiis laboratory that the researches of Davy and of Faraday, as las been
already said, were made, embracing a period of moro than half a century.

4. A library of about 33,000 volumes,t comprising the best editions of tho
Greek and Latin writers and of the fathers of the Church; histories of the Eng-
lish counties; works of science and literature, of art and archeology; memoirs
of the principal scientific academies and institutions of the world, with numerous
historical and other treatises.

5. A reading hall for study. Here are to be found various series of memoirs
and scientific publications, whether English, French, German, or Italian, and a

great number of works relating to the natural, medical and mathematical sciences.
6. A rcading-room for journals, furnished with the principal reviews, maga-

zines, and journals of England, France, and Germany. The Institution sub-
scribes to a circulating library with the view of giving the members an oppor-
tunity of seeing tle newest works as soon as published.

7. A museum, containing a larro selection of specimens of mineralogy and
geology, collected by Davy, Hatchett, Wollaston, &c., and much of the original
lalparatus employed by Cavendish, Davy, Faraday, and others who have been

* This course has been long given by Mr. Faraday; it was specially designed for a juve-
nile audience and comprised six lectured, the subjects of which for the years 1357-'58 to
1i(6i-'l6 were: Static electricity; the properties of metals; the different forces of matter;
the chemical theory of a candle.

t Of these courses those which have obtained most success in late years are: a course in
nine lectures on. the History of Italy in the Middle Ages, given in 158. by M. Lacaita; and
a course in nine lectures on the Science of Language, given in 1861 by M. Max Muller, and
which has been printed and translated into French.

t This is the enumeration for 1863; it must be now much greater. A new catalogue of
the library, accompanied by an index of authors and subjects, has been published by the
keeper, Mr. Vincent. It includes a chronological list of pamphlets, dating from the reign
of James I.
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professors of the establishment; together with many other objects, given in
great part by the members.
The collection of minerals dates from the year 1804. In a review of tlat

period, (Bibliothilue Britannique, t. xxviii, 1S05,) it is said, with reference to
the Institution:
" TThis establishment has not ceased to extend and prosper. A considerable

fund has been destined for a library, and, last year, a sum of £4,000 was pro-
cured by private subscription ftr the purpose of forming a mineralogical collet-
tion, to be attached to the establishment unler certain conditions, with a labora-
tory exclusively intended for the regular assay of mines. The tirst idea of this
useful undertaking is deoto Messrs. Gievihle, St. Aubyn, and line, distin.
guished amateurs of mineralogy and well known on the continent. They remark
in their prospect that, while on one hand the private working of mines is con-
diucted in England with a combination of pecuniary, mechanical and chemical
means of which no other country affords an equivalent, on the other hand there
exists not a state in Europe where persons desirous of being instructed in this
important branch of human knowledge find so little help in public institutions.
This consideration leads them to propose to form by subscription: 1, a scientific
collection of minerals on a large scale, comprising the most recent discoveries,
and arranged in the order best adapted for offering complete stts and all the
most interesting facts in mineralogy; 2, an office or bureau of assay, exclusively
destined to the advancement of mineralogy ann mcetllhrgy. E;ch of these two
establishments shall be conducted by a man of the first merit in his line and
entirely devoted tlereto, a condition necessary for the progress 4f science, for,
although private and occasional researches may produce somo interesting dis-
covelies, the perseverance, which is always crowned by success, can only lo
expected from a savant exclusively devoted to this particular branch of study."

Thus it would seem to have been in contemplation to annex to tle Royal
Insttittin something like a school of mines; but this project was abandoned for
want of encouragement on the part of the government and tile proprietors of
minecs.

XVII.-CoxNTINrATION OF THE PRESENT OCGcANIZATION-TIEF, FINANCIAL
SITUATION.

The mem)lr.s,* after having been regularly presented, are balloted for, the
first Monday in each month, and pay at their aiuhission 10 guineas, (five guineas
as a first annual payment, and five as a contribution to the fund of the library,)
or GO guineas in place of all payments. They are admitted to all the lectures
given at tle Institution, the libraries, the museum, the meetings on Friday, and
have the right of voting at the monthly reunions. They can also introduce,.
by ticket, two friends to each of the weekly evening meetings, and their fami-
lies have the privilege of attending tlhe lectures at reduced prices. Further,
by means of a supplementary subscription of 20 guineas once paid, or three
guineas a year, each member cau introduce personally or by written order a
visitor to each public lecture.
The annual subscribers to the Institution pay five guineas, with an additional

guinea to the library fund, at the time of their admission. They are admitted
to all the public lectures given in the amphitheatre of the Institution, to tlhe
libraries ard the journal-room, but they have not the privilege of being present
"The Royal Institution counted, in 1863, 17 honorary members, the Prince of Wales,

the King of Wurtemberg, the Prince of Ilesse, and 14 learned foreigners, among whom
are M. Plateau, professor at the University of Ghent, and Ad. Quetelet, both elected in 1849.
The Prince of Wales was elected, in 1863, vice-patron of the Institution, to replace the
prince consort, Albert, who had exercised the same functions since 1843, and who Ltid been
asaiduous in his attendance on the lectures and soirCes of Friday.

15 S
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at the evening reunions. The widows of members, and the sons and daughters
of the same, if above the ago of 21, are admitted for the season to all tih
courses and to the museum on the payment of one guinea; and to each special
course on the payment of a half-guinea for each course. The subscribers to tite
courses pay two guineas for all the courses, extending from Christmas to mid-
summer, and a guinea for each special course. lor the Christmas courses,
youths below 16 years pay each a half-guinea.
The members of the Royal Institution meet 1st of May in general assembly

to hear the annual report of the visitors on the condition of the establishment,
to revise the accounts, and to elect a president, treasurer, secretary, fifteen direct-
ors, and as many visitors. The vice-presidents, six in number, are chosen ,by
the president from among the directors. The treasurer may also be dcsignated
for this office.
The property of the institute-consisting of buildings valued at C15,000;

furniture, X1,400; library, c6,500; laboratory and mechanical apparatus,
£1,400; collection of minerals, £300-was estimated, December 31, 1862, at
a sum of c24,600, (615,000 francs.) It possessed at the same period a capital
of £29.341 (783,525 francs) vested in consols. This capital, which amounted,
December 31, 1857, to but c25,166, had risen to £30,108 at the end of 1S62.
At this last date the total annual revenue of the Institution amounted to £5,532,
The expense of the public courses for 1862 amounted to £670, of uhich

£453 were paid to professors other than those attached to the establishment.
These latter received: The professor of natural philosophy, who lodges in the
establishment, c300; the Fullerian professor of chemistry, who also lodges in
the establishment, £96, besides £350 which he receives as director of the labor-
atory; the Fullcrian professor of physiology, £96. We have not ascertained
the amount of the salary paid the professor of chemistry, who is remunerated
by thU Institution.



MICHAEL FARADAY-HIS LIFE AND WORKS.

B1 PROFESSOR A. DR LA RIVE.*

Science has just lost one c' its most eminent and faithful representatives.
Faraday died on Sunday, tile 25th of August, 1867, at Itampton Court. He
was horn on the 24th of September, 1791, at Newington Butts, near London.
In 1804, at tle age of 13, lie was apprenticed to a bookbinder, in whose work-
shop he remained eight years. So many books passed through his hands that
lie could not resist the temptation of opening and reading some of them.
These readings, performed in the evenings after the work of the day was
finished, gave him a taste for study, and in particular for that of the sciences.
'lie Encyclopedia Britannitca first of all introduced him to some notions of elec-

tricity; and it was afterwards, from tle works of Mrs. Market, that he derived
his first knowledge of chemistry. His labors received their permanent direc-
tion fr6m this opening; their essential objects were electricity and chemistry.

" Do not fanc," lie said to me in a letter of the 2d of OcLober, 1858, in
which lie gives nme these details, " that I was a profound thinker or a precocious
child; I liad merely a good deal of life and imagination, and the tales of the
thousandd and One Nights pleased me as much as the Encyclotwdia Britannica.
Bat what saved me was the importance I early attached to acts. In reading
Mrs. MNaret's book on chemistry, I took care to prove every assertion by the
little experiments whicl I made as far as my means permitted; and the enjoy-
ment which I found in thus verifying the exactitude of the facts contributed
essentially to give me a taste for chemical knowledge. You may therefore
easily imagine tile pleasure I experienced when I subsequently made the per-
sonal acquaintance of Mrs. Marcet, and how delighted I was when my thoughts
went backward to contemplate in her at once the past and the present. When-
ever I presented her with a copy of my memoirs I took care to add that I sent
them to her as a testimony of my gratitude to my first instructress."

" I have the same sentiments towards the memory of your own father," adds
Faraday, " for lie was, I may say, the first who encouraged and sustained me,
first at (eneva, when I had the pleasure of seeing hinm there, and afterwards
Thy the correspondence which I regularly maintained with him."
Faraday here alludes to a journey in which he accompanied Davy to Geneva

in 1814, and in which, during a stay which lie mae with his illustrious master
at my father's, the latter quickly discerned the merits of the young assistant,
nnd formed relations with him which were interrupted only by death. At the
time when lie travelled with Davy, Faraday was his assistant at the Royal
Institution in London; and I must say thrft he has more than once expressed
to me, lboth by letter and viva voce, h;; thankfulness to the eminent chemist
who had admitted himn to one of liAs courses, and consented, after running
throllgh the notes of this course prepared by the young pupil, to take him for
his assistant.

After tie journey just referred to, Faraday, with the exception of rare and
* Translated from the Bibliothiquc Universille, October 25, 1867, Arch. dc&ci., pp. 131-

176.
tThis letter was addressed to me on the occasion of the death of Mrs. Marcet, and the

notice which I was about to publish on this distinguished woman. (See Bibl. Umiv., nouvelle
aerie, 1858, vol. iii.)
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slrt absences, never again quitted the loyal Institution, where lie lad his
laloratorv and his residence. Married to a lady worthy of him, and( who shared
:and uneltlrstood all his inlpressions andl all Ilis sentiments, he passed a life
equally peaceful and modest. lle refused all the honorary distinctions which
the government of his country wished to confer upon him; lie contented hliil-
(11ef with a moderate salary andwiith a pension of cC300' sterling, which filly
bflficed for his wants ; and accepted nothing supplementary to this except the
enjoyment, during tlhe summer, in the latter years otf his life, of a country house
at lamilton Court, which the Queen of England graciously placed at his dis-
poisal.

Without children, a complete stranger to politics or to any kind of adminis-
tr.tinl except that of the Royal Institution, which he directed as lie would have
directed his own house, having no interest but that of science, and no ambition
,but that of advancing it, Faraday was of all sarants the one most completely
and exclusively devoted to the investigation of scientific truth of which the
present century offers us an example.*One may easily understand whlat must be produced under such circumstances
by a life thus wholly consecrated to science, when to a strong and vigorous intel-
lect is joined a most brilliant imagination. Ever morning Faraday went into
his laboratory as the man of business goes to his office, and then tried by experi-
ment tile truth of the ideas whichheIld conceived overnight, as ready to give
them up if experiment said no, as to follow out tile consequences with rigorous
logic if experiment answered yes. His every-day labor experienced no interrup-
tiom except the few hours which lie devoted from time to time to tlhe exposition
ill tle theatre of tle Royal Institution, before an audience equally numerous
and select, of certain parts of physics and chemistry. Nothing can give a
notion of the charm which le imparted to these improvised lectures, in .which
he knew how to combine animated and often eloquent language with a judgment
and art in his experiments which added to the clearness and elegance of his
exlposition. lie exerted an actual fascination upon his auditors; andwhen,
after having initiated them into the mysteries of science, lie terminated his lec-
ture, as he was in the habit of doing, by rising into regions far above matter,
space, and time, the emotion which lie experienced did not fail to conimunicate
itself to those who listened to him, and their enthusiasm had no longer any
bounds.

Faraday was. in fact, thoroughly religious, and it would be a very imperfect
sketch of his life which dil not insist ulpon tllis peculiar feature which charac-
terized him. His Christian convictions occupied a great place in the whole of
his being; and he showed theirpowerr and sincerity by tle conformity of his
life to his principles. It was not in arguments derived from science that lie
sought the evidences of his faith ; lie flund them in the revealed truth s at
which lie saw thatthe human mind could not arrive by itself alone, even thoiiugh
they are in such great harmony with that which is taught by the study of
nature and the marvels of creation. Faraday had long and justly perceived
that scientific data, so movable and variable, cannot suffice to give to iman a.
solid and impregnable basis for his religious convictions ; but he at the same
time showed by his example that the best answer which the man of science can

give to those lwho assert that the progress of science is incompatible with these
convictions, is to say to them, And yet I am a Christian.

T'hle sincerity of his Christianity appeared in his actions as much as in his
words. The simplicity of his life, the rectitude of his character, the active
benevolence which he displayed in his relations with others, gained him general
esteem'asid affection. Always ready to render services, he could quit his labo-
ratory when his presence elsewhere was necessary to a friend or useful to
humanity. We see him putting his knowledge under contribution both for
inquiries upon questions of public health or industrial applications, and to give
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practical advice to an artisan or emallilie the dis.oeovery of a tbnutunt in the sci-
entific career. Only, as I Lave already said, with these exceptions, Ilhmade it
a rule Iut to allow himself to Ihe turned aside from the}la!oH's to which lie had
co'sll.c4ra'lted his life liy occ(Ipantions of another kindll, 'or ly those' 1)reten(led duties
.>f .c-,ietY which waste time, alridge intellectual life. alreadyy .so short.) and
vely oft(e leave nothing It.lhind thlemll but emptiness andi regrret. It wa:- not
that hl'('culdl not bM emine(intlVy socialdle hieni necesIsa(ry, or thatlie dlidn, t
allow himself sonic1 relaxations when. fatigued with wxork, Ie needed somll
repose. lit these were olylv accidental cir'cuistan'es in his life, which was' b,
(.xciusively devoted to Ihis laboratory.

'T'lh scientific career of Faraday wasequallyy ;forti,:ate and complete. tNamllced
as early as 1S23 a coilTespoldent of tihe Academvly f Sciences of I'Pais, lie \\;s
al'l!edl in 1S-44 by this same academy T1o occupy oine of its eight forcig]n :.isi-

t-iailc.-hips, f'tcer having,been associa:tet success.ively nirl all tlie learnedl !,,'lic.s
oflEuro|e aind AInrica. lie waslv noeintie nslli nsille to» tle.e scie'lltific
14ins, wh ich lie accepted with.gejlnui'e satisfaction, xi hilst hlie colst:antlyv ref'u.,e
cverv dtiter kind of honorary disitnction.

lu]it it is time toc(m'(1nlllitece the motre important part of this notice, that \lic!ch
is t, ,t'd(l'VE'tcd to the examination of the wfiks of Faralay. ll:Iv I ma,,peulp.s, Ie allotued, beforelo(.peakinig o.f tle woliks thlem.,el'ces, to say a Jo.'

<,»ils of tl'e manner in which Faradaiv w,rked.
Is it true thllat thle lman of sci(n'e whowi.h .es to ilItel']'rogate nlatiure4' mist se't

iliinlf.-t' face t, face with his apqpar,:atls, make thei 'act to, derive faIc:ts I','om
tlilacmi,: nlnIdait nitil these facts haveappeared, in ,rdltr to dedlucw. their c.llst-
Iqutl!ccl. ailnd all witiiohit aly precoliecived idea . Most certainly tlc ,hilo,so-
iher MhI, couh l advance .su'h an opinion has never experimiented, and in anv
t'a- thiis riethod has never been that of discoverers ;.it was asumredly not tilhe
,,;e, adoptedh1c]yFlaradl:y.

iThe:re is a second mtetlod also which was not his. although it is truly worthlyv
,ef ati'ntion,-aed often fertile of results. This coinists ili taking up kn,.Mii
pjheinoImIut and stdtyinig them with great lprec'ii(,in, 'carfi'ully determining ;.11
the]'le'li'hits aniid ililnieri(cal data, soe as to defdlc(.etihereffomi the lat s wli,'h
oveIrn tieilt.i. and oftenalso, to show tile inexactitulde of thie laws to whrlich (hey
tn.'esupllos.'d to lbe subjected. This method requires great previous sttdil,

grc:r lpr.atical talent in lti(e construction of apparatus, remarkable .,igacitvI
l};e iter.pretation of thle ]results tirnishied by experinienit, and, lastly, much pl.r-
-"t'veninJ(',anild patience. It is true that it ;leads with certainty toi a result :Ild
thIis is its g,,odl side ; but the difficult co(,ntinlls which it imlposes are so i,;:l:
o,:t:ales which prevent its being ggenerally followed, except ,y thehiiei2lict
intellects.
A third elth«l1. very different froIn tle last mentioned. is that whic,,qclitti,tlie bate.ntrack ,ad, as if !yinspiration, to t-h-sern.at discoveries whichil 'eInl

ne.w horizons to science. Thbis nethtod in order to lie fertile requirCs one 'co,,lli-
tioii-a condition, it is true, which is but rarely met withi-namnly, g,,eniis.
N«,w this condition existed in Faraday. Endowed, as he himself ,erceived. ii'h
imuchl imiaginatioi, lie dared to advance where many others would have recoiled;
his saiacit. , joiined to, ai exquisite scientific tact, by fuilrnishing him with a plre-:-llitm'nit of the poAsible, prevented himi from wandering into the fnlt.i-tio.
Still always wishiig feor facts, and, accepting theories witl difficulty, lie' :.is
ne(vceille:ss more or less directed .Iy preconceived ideas, which, whether trule o'r
fal.e., i4d him into new.roalds, wlier' most fi'equenltly lie found what lie so.lght.
.',inctilmes, indeed, what he did not seek, but where he constantly met with .-oill(
important discovery.

iSuc'li a method, if indeed it can lie called o)ne, although barren and(.ve(ndangerous with nIediocre minds, !prodihed great thlinigs in Faraday's hand.--
thanks, as we have sai to his ,t thi genius,lt thiks, also to that love of tru;h
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which characterized him, and which preserved hil from the temptation so often
experienced by every discoverer, of seeing what he wishes to see and not seeing
wlut he dreads.
The works which have issued from )iis brain, so well organized, are numerous

and varied; they relate essentially, as we have a;i c.dy state(l, to chemistry alnd
electricity. Those on the latter subject are by far the most numerous and imlwrt-
ant; we shall, therefore, devote to them the greater part of this notice, after giv-
ing a summary exposition of the others.

I. In 1816, Davy received a specimen of native caustic lime from Tuscany.
eISgave it to Faraday for analysis, and found that the account given was so

perfect that lie lad it printed, and accompanied it with some observations. This
success, by giving Faraday confidence in his own strength, encouraged him to
attempt other original researches. IIe published (in 1817 and 1818) an investi-
gation of the passage of gases through narrow tulbes, from which it ap ared
that the velocity of the flow of elastic fluids does not depend upon their density
alone, but also upon their individual nature. Various other points of chemistry
and physics, besides tloso whichlha electricity and magnetism for their objet,
attracted his attention from time to time throughout the whole of his scientific
career. Now we have a note upon the conlbustion of tllh diamond; then an
investigation of the sounds produced ,by the combustion of gases, or by the super-
position of a strongly-heated iron rod upon a mass of clpper at the ordinary tein-
peratuire, (Trevelyan's experimentt) and tlen, again, researches upon the limit
of vaporization, or upon the evaporation of mercury at low temperatures. We
imav notice two important memoirs--ne upon the explanation of certain optical
illusions produced by bodies in motion, tle other describing some new acoustic
igtures proceeding from the vibrations of the stratum of air in contact with thle
surface of vibratingplates. Iis elegant discovery of revelation (that is to say,
of the power possessed by'two fragments of ice when brought together to become
amalgamated by the fact of their simple contact at a temperature above 32° Fah-
renheit) followed into its consequences as it las been ,by Tyndall, has had a

much greater influence than perhaps lie ever expected. In all these notices, even
tlie least important of them, we find an original idea, a new and striking point
of view, which enables us at onice to recognize Faraday. And, in connection
with this, how can we omit to mention his simple and clear explanation of table-
turning, and tile ilgenious exl)eriment by which liel so( clearly shows tlhe muscle
lar efforts made unconsciously by the persons who, by laying their hands upon
tlhe table, cause its movement ?

Let us now dwell for a few moments upon some researches of longer dlra-
tion, tlhe publication of which preceded, and also in great part accompanied, his
great works on electricity.

In 1820 Faraday described two new componilds of chlorine and carbon.
One of them is solid, transparent, and colorless; it crystallizes in little prismlis
and in laminwa, and is obtained by exposing to the direct action of tlhe siun Hiicar-
bonated hy(lrogen gas with a large prol)ortion of chlorine. The other colltails
less chlorine; it is liquid and colorless, possesses great density, andl is prepare
by passing the former through an incandescent tube, from which chlorine is set
fiee. The discovery of tlese two compounds filled up an important gap in the
history of chemistry.

Subsequenltly, (in 1825,) by the compression of the gas obtained firo coal,
Faraday obtained a new compound, which, no less interesting than the precld-
in"g from a scientific point of view, lhad besides a great industrial importance.
This was a bicarlburet of hydrogen in a liquid state, which was found to be a
mixture of several compounds endowed with various degrees of volatility, and
which could be separated by distillation. Every one knows the advantage, ill
tlhe production of colors, derived from tiis by the illustrious chemist Hoftuanmn,
w1hen he extracted aniline from it.
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The discovery of this bicarburet of hydrogen was only an incident in the

researches which Faraday had undertaken in 1823, upon the condensation of
gases into liquids. His mode of operation in this investigation consisted in
placing in one extremity of a recurved tube, closed at both ends, the necessary
ingredients for the production of the gas, and plunging the other extremity in a

freezing mixture. 'Thi gas, evolved in a closed space, speedily condensed into
a liquid state in the refrigerated extremity of the tube. In this way chlorine,
sullphurous acid, sulphuretted hydrogen, carbonic acid, protoxide of nitrogen,
cyanogen, ammonia, and hydrochloric acid were successively reduced to a liquid
state. With the exception of chlorine, all these liquefied gases were colorless
and perfectly transparent; and all of them had a refractive power superior to
that of water. '1he attempts made to reduce the other gases, especially hydro-
ge xen,oxygenand nitrogen to a liquid state were fruitless. Twenty years later
(in 1844) Faraday resumed tlese experiments by directly condensing the gases
by mechanical processes in very strong and hermetically sealed tubes, refrige-
rating them by means of the mixture of ether with solid carbonic acid pro-
duced by Thilorier's method. The condensation could be brought to fiftv
atmospheres, and the lowering of temperature to -166°F., or 110°C. below 0(.
In this way Faraday succeeded in liquefying, besides the gases which I have
already mentioned, olefiant gas, phosphiuretted hydrogen, and arseniuretted
hydrogen, as also fiuosilicic acid; but he did not succeed in solidifying them.
On the other land, by applying his new process to the gases which he had pre-
viously liquefied, le brought them not only to a liquid state, but even to that
of transilmUlnt and crystalline solids; hydlrochloric gas alone of these latter
would not lecuome solid, whilst lydKl"lic and hydrobromic gas were successively
liquefied and solidified.

It is easy to understand all the importance of an investigation the result of
which was to modify completely the received ideas as to the constitution of the
penan1ent gases b-y causing them to enter into the cate ory of simple vapors;
this was to introduce into molecular physics a new anl important notion, the
consequences of which have gradually unfolded themselves.

It is also to a question of molecular physics that we must refer tlhe memoir
on the relations of gold and the other metals to light, published by Faraday in
1857. Among other interesting facts that this memoir contains, we shall cite
that of a leaf of beaten gold, which, whlen placed upon a plate of glass,
becomes lprfectly transparent and colorless when it is brought to a high tem-
perature, and which, when seen by transmitted light, resumes its green color
when it is subjected to strong pressure. A great numlwr of experiments upon
the pulverulent deposits of various metals obtained by electrical discharges
transmitted through very fine wires, led to remarkable results as to the varia-
tions of color arising from change in the molecular state of tLe samne body. We
also find il this menlmoir a detailed investigation of tile various colors presented
by different solutions of gold, and especially of the fine ruby-red tinge obtained
by the solution of a quantity of gold which, if agglomierated into a single mass,
would not occupy the seven-hundred-thousandth part of the volume of water
which it colors. It is not necessary to dwell upon the interest presented by
researches having for their object the study of the influence, still so imperfectly
known, of the molecular structure of bodies upon their relations to light, and
especially upon their transparency.
Among the numerous works of Faraday relating to the applications of sci-

ence to the arts, we shall confine ourselves to citing his re-icarchies ulon the
manufacture of steel, and of glass for optical purposes, these being tle most
imllortant.

It was bv the analysis of the Indian steel called tcootz that lie was led, in
concert withl Stodart, to compose an alloy which had all thelIroperties of this,
by comblining aluminium with iron and carbon. In a letter addressed in 1820
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to Professor l)e ]a Rive,* he relates all the attempts made ]by his collalorateur
and himtnelf during two years of p(ersevering labor, to discover the mnIst satis-
factory alloys. lie indicates, as tIe of the lest, that (,f rhodi(ium alid steel,
and, as presenting curious peculiarities, that of steel and silver; this :ist allov
does not lecomt.e a trite nominationn,unless the silver only forms oie five-hii.i-
(iredth part (,f it. IPlatinum, on thel contrary, combines in all proportions with
seel-, but it (Idoes not furnish so good an alloy as rhudium and silver 1r the C,.:-
struction of cutting-instrumnents.

Although interesting in many respects. the results which Farad:ay ol tainAedl
in his great investigation of the :ll,s (of steel were not!proporti:alte i the(.ir
importance to the time and trouble which they cost him. We ma yaihe
salac of time laborious researches upon the manutfactlure of glass for o>tical ilr-
lCoses, whichlihe made a few years afterwards, (in ls.29.) It was Ipi|N» tit. iltia-
tive taken in 4ll 1824 Iv the IRoyal Society of Londonl, which mi.tict: a climmiltitec
for the study of the illnprovement of glass with a view to,, its optical e., that
Faraday was called uponl to oc4mcupy him..self with it. Whilst he pursued the
chemical part of these investigations, I)ollond worked up the 'Ila.-s.a:m II r-

schel suiltjected it to the test of experiment. At the e.nd ol' Itlln asutd difficult
experiments, Faraday ascertained that the greatest dilliculty ill it wv(y of tlhe
ilal'ication (of a gootll flint gla..s (that is to say, a very rcl cwtive 'la..)was the

)presence of streaks and strike plrceedi.ng froit a wailt ,of hoi::,oi:e'le'ity, due, ill
its tliurnll, to dii'rellces of (complllositionll betwee'll the conti'i:lls p:rtiion:,s of Ithe
Eame glass. Thlie eildploiymcnt (lf xide o(f hlead ill the c ,iuja.f.iti,,ll:I' flilat Zlui's
wats the cause of this defectivVless, whichli could not lie avo.ided '.v(l !,»y iIuakiig
use of thi ilit o.st elli(caciou esoitaiiS4,1 renderitiig tlhe mixture IerlTect , hile i:i :

state of fti.ion. AAmting tile .comlibinationls tried, that ,f bAr-ate o.f leadd ali1 :.iliua
furiishledl a glass emnd(ued with (optical properties still more u.-iram]ly mu:trkcd
than tlose of flint glass, and at the same tim<' prese..tiunit a very.v muuiIiru stt'w-
ture. This glass, wvhiich, ,n accounllt ,of its great d.lcisity (dilile that of tli:t:
glass) has been named heavy glass, is foiulnd, unfo:l.tinnately, to Lave asit
yellowish coloration, which renders it uilnit for optical pulrpl.es; ,but tlie. li:br
which F!aralay devoted to its faibricationi has not been lost ; foIr, as v;e stIall s.-

herec-after, this samle glass, in tihe hands of thie taleuited experimtctiter, bccan.e
the instrumlelit of ome of his most beautifull discoveries.

In tle ,lonir anid curious memIl ir which lie published(. upon the falbrication of
optical glass, Faraday gives a minute description of all the plrocesse.-s e('iijlyed
!Iv him.-of tlie construction of furnaces, selection of crucil,les, means «,f h(.aLti-.
various artifices, such as the injecti,tl o,' platinum in powder into lilt.'t'l(,el,,el:a-s
to cause eit(liiappearance )of ubblesi, &c. It is a ge.nuimne iwl.-tra'cti iallill chia,:-
ical manipulation, and, as it were,: a ctmpleiment to his treatise on this.lh.ject,
which was piullished ili 1527, aid hias since goine thlirtgh three clitimsI. () ily
thoo.e wh:o are called upon to expjerime.nit ill the domais of physics anld chemt-l-
istry calln appreciate the immenl serservice which this treatiselhas renitlec'd t,,

theim, by teaching them a multitude of Ipritcsses of detail so valui:lhe f)or thueli
to know, and of which a description was previously nIowh(ere t-, be fo11unl. so

that every ne wa oligt aaticeshi to unde ap thm his owln
account. It was necessary that a sra'unt w¥ho for so many years hadibee. n stlr'!-
glinrg w ith the difficulties of exe.rimlentatiotio. and who Iad eI,-ceial, to im'r-
miount them in so ilnge(nious a imaimecr, should givehlii:iself 11the trouble to

d(escrihe the lmealt which lie had employed, so that hIis .experience light Ie ,f
service to others. Faraday was this su'tlt, and hii oblject was completely
attained.

Here, eilrhai)s, before proceeding to anotherr set of sullbjects, :we outtght to

speak of certain of Faraday's theoretical ideas relating to general physics,:uad
imore especially to the nature of the forces,atnld their correlation tot each other
and to the esseilce of matter; but we prefer nit to discuss the opinions emitted

*"F BIbl. £'nir., (1:~O0,) vol. xiv, p..209.
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!by him upon these questions until after the exposition of his works on electricity
ami magnetinsm. We must, however, at once admit that his views on these mat-
t'es are very contestable, and that, if they inspired hlim to make exi.lrimental
rc,searches of tile highest interest, this is a proof that, in tihe hands of' a man of
genius, even a bad theory may Ixb the origin of the most Iweautiful dlicoveries.

II. I pass now to the examination of those works of Farahday which relate
to electricity andIimaglnetisin. It is not without embarrassment lt:at I approach
this examination ; foir these researches are so numerous that it would be neces-
.rv to extend this notice bleycnd all bounds in order to give only a simnleanilisis of them ; and they are at the same time so varied that it is implossiblo
t-exllain them in tile chronological order of their publication without contusion
licii tilhe result. 'I'llts, for example, the. researchles on indu.ticn ant ittnpterruted
lo otherss on clectro-chemical ilecomlositions. to be afterwardLs resusmei' and 'corm-
1leted. Eatch llmemoir certainly forms a completellc whole; but one memoloir is
most frequently followed by another the subject of which is qllite dililerent. It
.suems as if the author, after having treated one qllestion, fo.undI it necessary to
recollect himself before resuming it, and to divert his mind from it. so to speak,
hy taking up) some other kind of work.

It Ias, tlherfore, appeared to ilme that the best thing for me to (1do was to gTroup
all thlise various works iunler a feiw (listinct heads, so as to ,e alle to give thliir
4SsS4n(e withliut requiring to enter into too many details. The first wUould include
all the researches relatinIg to electro-chemistry ; the second thise which have for
their object induction, wlhther electro-dynamic or electro-stat ic ; andi tlie third the
lih(ntiomelna relating to thle action of In:agnietism and dyvnamnic electricity lupon light
autd upl, natural bodies in general. It is true that there are smime works which
eltude this classification, its they will not enter into any one of ,our three divisions.
lBut these are less important works, and such as were iproduced its occasions
(i.retl; that is to say, they are tile fruit of some particular eircumnstance which
attracted Faral:y's attention to some spJcial point. Such is., If,r texantmple,, thi.?
lmericiir which lihas iforiits object the investigation of the electrical irol(erties of
th, G(mnoliutis-adtl tliat devoted to the evolution of electricity Iyv the friction
exerted against solid bodies iby tile glouhles (of later o olth.er substances carried
lpIiy valpor--experiments undertaken in consequence of tlhe invention of Ann-
sti(toi's machine. I astlv, there are others which only (cotaitin thie more o(r less
inlirect colsse.quences of the fulIdamental discoveries, wlhi(ch will lie explaite(Ld
in ,one of tthethree subdivisions under which we have 'roitlced( them. We shall
lit<t dwell ill)lon aniy of tles.e, thinking that we may give a mtre exact anid ctn-
1.1e(te i(lea of all the i'progress which Farada caused( thie science of electricity
a:(d maglinetismi to make liy conlinin,, (ourselves tio pointin- otit i, some5 detail
the litost piromilietit parts of his researchers uiIont these suiljects.
Faradav comnmellced with (chemnistry in his scientific' cae.er; it is thlirefore not

srlIrisi-g that lie approachedI electricity liy thie study oIf eleetrn;-chlieistry. It
1a1Sltioretver, towards electro-chemlistry that his attention atmust have bleen first

(irected iin that laboratory of thle Itoal Itnstittution which hil witnesses. thli
m:iuiilicent discoveries of Davy in chemical dec Imnlositi0nst8efct(ltedt y thetf ile,
atld esjiecially in the production of the alkaline metals. In taking up this sub-
ject Flartadav o(nly followed tile traditions left to him Ivhi is pre(lec(.essi.r.
His researches upon the electrical condu(ctililitv of lodlies collstitute a first

sitejl ill this patl. Th'le business was to ascertain whether, as was previously
tulip)se-d, tile l)resen.ce of water is Ieces.tsary to render solid Ibodies cndluctors,
andl whether solid non-metallic (anld consequently compol)uId) loi lies caln conduct
electricity without Ibeing decomposed. Commienc'ing with water, which is an
insulator when solid and a good conductor in the liquid state, Faralday shows
that a great number of complound substances are in the same tease. Sich are
lnuany oxides, some chloridles and iodides, and a multitude of salts, which 1do not
conduct electricity in the solid state, but, without any intermnixture of water,
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become excellent conductors when liquefied by heat, and are not decomposed by
electricity with separation of their elements in the same way as aqueous solu.
tions. 'o the list of these compounds Faraday adds that of those substances,
either simple, like sulphur and phospho' us or compound, such as tile periodide
and(K'rcheorides of tin, and many other., 'ich continue isolators when fil.,l
as well as in the solid state. In this first investigation, notwithstanding a great
number of experiments in which lie employed the influence of heat and of decc
tricity of high tension in the study of the conductive power of solid bodies, he
did not succeed in determining very accurately the conditions of electrical con1-
ducti,i!itv ; le only ascertained that, with one -exception, which lie justly
regards as only apparent, there is not a solid body which, on lecolming conlllt-.
ive by its passage to a liquid state, is not decomposed by the electrical current.
We lmay aldd,1so as not to return to the subject, that Faraday sometimes hadl
doubts upl)o this point, and that lie even thought tliat water could cdllluct elec-
tricity without lbing decomiosed. Now experiment shows that in all cases,
even those which appear most favorable to this opinion, electricity cannot 1o
transmitted under any form through a compounll liquid body without this body
underg,,inlg clectro-clhemical decomposition.
As to tlhe causes o(f conductibility, they are still far from being known; when

we see bo(lies., such as the gases, becimiIg conductors when greatly Irarfid,
whilst under the ordinary pressure they arue perfect insulators, we are ,omipell(lhl
to come,II thie conclusion that thle impiossibilityt that we find of explaining this
difi.rencel, as well as so many others ipresentedl in this respect by solid and
liquid!oill ies, is lde to the fact that we have not vet a correct notion of tli
mlllecular constitution of bodies. Perhaps the recent theories of several lihysi-
cists, particularly that of Clausius, who regards tle particleso'f bodies as bhei.g
in a constant state of Umovement, may succeed il elucidating this sulaiject, which
is still so lmyusteri)ous. Faraday himself had fully foreseen this relationbIetween
electrical coiiductilility and the ideas which we may form as to the nature ,of
matter. In a remarkable article pulilished in 1844 hle showed, upoilI ancanexeri-
mental basIis, that in the theory according to which a body is regarded as cIl-
sisting of atomspossessing weight separated from each other lby larger or

smaller intermolccular intervals?, there are a mulltitude of facts, so)ie of which
carn only lie explained Iy assuming that tlhe ato csare tihe conductors aind the
Imlolecuilar space an insulator, and the others by supposing that tlhe intenmlle-
cular space is the conductor and the atoms insulators-a contradiction whi'h is
inadmissible. lie concluded from this tiat we must imagine matter to be co)n-
tinuous, or rather imaginetieatoms to bie simply centres of force, and clnse-
quently replace the atomlistic by the dynamical theory. We shall often fill
traces of these ideas in the subsequent works (of Faraday; for our.ellves we

cannot take this view. We are convinced that it is not by denying tlhe exist-
ence of matter, I)properly so called, and adlmitting only tl;at of forces, that we
shall sucieedt in solvingJ the difficulties under consideration and manyothers,
but rather, following the example of Clausius and others, 1by mlloliftinll tlhe
ideas hitherto accepted ast to the lmode of constitution of ,bodies, and re('lacingl
them b1 others more in accordance with recent di.overies.

But we must return to electro-chemistry. I have already said that Faradiay
first occupied himself with chemical decomipositi(ns effected 1by tlhe electrical
current. lie ctmmunces b)y effecting the decomposition of water and of stl-
tions bv 1:means f a jet of ordinary electricity, rendered as continuous as possi-

ile y le:avilng a stratum of air interposed between the metallic points which
convey and carry off the electricity from a machine, and a strip of mnoistcnled
paper which this electricity traverses. lie observes that the deposition of thle
elements, separated from the decomposed liquid, takes place against the surface
of the air which is in contact with tle paper. Then, investigating the decolim-
tuiositi)tli Q.fflett!l1 thll nilr_hL-iAini olupa thl vlr;nriuomvttinnt;nrina wlie have
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been given of this phenomenon, and concludes that it is much rather a chem-
ical phenomenon than a truly electrical one. In other words, it is a peculiar
tnfom f affinity which, under thle influence of electricity, is exerted betwsee the
eilghlborinl molleCleles, so that tle decomposition is the easier in proportion as

thle aflinit is stronger. lie slows that the transfer of the elements can only
take place between blodies thle constituent parts of which have an affinity for
each other; and if these elements separate in a free state against the surface of
the metallic poles of the pile, this is because they cannot combine with the sub-
sltace of these poles; for whenever this combination is possible, they are noi
longerr set free. Water in some cases, air in others, as we have already seen,
may serve as poles just as well as solid bodies. F:araday justly rejects the old
idea of certain physicists who attributed electro-chemical decomonlpsitions to tlh
o,rdinarv electrical attractions and repulsions exerted upon the elements of a con-
ductive liquid by the voltaic poles immersed in it. The metallic wire?, or other
c.m(tiiuctolrs, which transmit electricity into a liquid, are merely, according to
him, the roads lby which the electric current passes into the liquid ; therefore, to
exclude alny idea of electrical tension, whiich is more or less imlplied il the name
pole, Faraday proposed to substitute for the denomination poles that of dcc-
trdcl. lie likewise applied tle term clectrulysis to the chemical decomlposition
rflicted lbv clectricitv, reserving that of and(!/sis for the ordinary chemical
d:clmitiositions in which electricity does not assist. LIastly, he gives tlhe naim
of kch'ctrvltfcs to those compound bodies which are capable of being decom-
lise1t 1by thte electric current.

After this preliminary and general study of the suilject, Faraday enumerates
the results which lie obtained iv submitting to electro-chemlical decomposition a
very great number of compounds, some of them simple acids or simple bases,
others saline combinations. Ile dwells particularly on the secon(dalr effects
often manifested in these decompositions, especially in the case of aqueous solu-
tiols, in which decomposition of the water and of the substance dis.slved takes
place at tle same time. But tile essential point of his researches is tle law at
which he arrived as to ttle definite nature of electro-chemical decomposition.
lie demonstrates, relying solely upon experiment, that the quantity of chemical
action exerted by an electrical current is proportionate to the (qua:ltity of 'lec-
tricity constituting this current; and, further, that the suame qanltity of elec-
tricity, or tlhe same current, decomposes chemically equivalent quantities of all
thle compoundd bodies through which it is lpassedl. Thus, if we llac1e one after
the other in tile circuit of a voltaic pile, several pieces of apparatus arranged
flr the decomposition of water and for collecting the gaseous products of this
decomposition, we find that in all, even when the degree of acidity of the water
and the form aind size of the electrodes are different in each, the same clurent
traversinll them for a given time produces the saml quantity of gas, and co1se-
iuenltlvy (ecomposes the same quantity of water. Ilie quantity of water decoll-

Il4'ise in a given time, appr'eciatetd by the quantity of gas evolved, is, therefore,
the exact measure of tile quantity of electricity which has produced this effect.
Hence, like Farad, we give lte name of 'oiuncwtur to the very simple appa-
latus which holds acidulated water destined to le decomposed by tlte current,
anil by means of which the volume of gases set free by this current in a given
time may le exactly measured.
The second principle, that the saume quantity of electricity decomposes chenm-

ically equivalent quantities of all compound bodies, was demonstrated by Fara-
iav y placing several different electrolytes one after the other in thle same cir-

cuit ; as, for example, acidulated water in a voltameter, and protochloride of tin
and chloride of lead in a state of fusion; and lh obtains quantities of tin, lead,chlorine, hydrogeIn, and oxygen, which are chemicallly 'iuivalent. Then, rising
fromn the effect to the cause, he comes to the conclusion that there is a perfect
tctuility between the electricity which decomposed a body and that which id
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generated by the chemical action which produces the direct decomloisition of an
e.qrlal quantity of the s:ime, or of a chemically equivalent quantity of some other
body. lie is thus led to iay attention thile theory of the pile. and to recog-
niize that the power of thi.4 apparatus originates in chemical action, and not in
the contact of two) !eterogeteous inetals,---a contact which is not nccessarv
either to lllproduce a spark or to cause a chemical decomposition.

lie establishes, in tlhe first place, that, either to effect a decomposition or to

produce a spark, a plate of zinc immersed! in acidulated water is sufficient with-
out its b<ein, necessary to bring the zinc into contact with any other metal. lie
shows that in every pile the presence of an electrolyte thatt is to say, a liquid
susceptible' of being decolhlnml).tsd) is indispensable for the evolution oif elec-
tricitv. Then, distinguishing- in the electricity generated thie intensity (or the
tension) and tlhe qi:ualtity, lie studies the circumstances, (de ending either ,on tlhe
nature of thie chemical action or tlie number of voltaic pairs associated, which
exert an influence on these two characters of the current. In a word, he estal,-
lishles such a correlation between that which occurs in the interior ,of a pile,a'm,
that which t:lkes place in thle electrolyte interposed between tie pohls,of this
pile, that it is impossible not to admit (with him) that electrolytic detonpl)tIsi-
tion, is nothii'gbIt a form1 of chemical affiiity transferred from the pile into the
electrolyte decniliosed.Wisl;ing to ,,t:tain an idea of the quantity of electricity which is associatedtl
with thie particles of which Imaitter is componlEc , lieeiineavors to, estimate tliat
which is nece'ssa:iry for the decomp)ositiol of grain )of water, reg.arding it, ais he
is justified in doing. :Is e(qumivalent to tilat lprodlu((ceid by tlle direct chliemictal
action (of the acidutl:te(l water iuln thle zii;c) which decomposesI thills grai of
water. lie arrives at this incredible result, namely: that this quantity Eif elec-
tricity, apl)lreciated lby the heat evolved, ly it in traversing a fine platiilnul wire.
is superior to, that manifiested in 800,000 dlisclharges of a battery of LEydenl jatrs,
charged by thirty turns of a powerful p)late-nmac'hine, and consequently equlva-
lent to that conititutint' a violent flash of lightning.

Thle researches of which I have been speaking were made in 1833, 13.'1,
and I 35. 1 had previouslyplaidl attention to the saitie qulestiols, al~d(l had
arrived btv somewhat ditlerent methodslit tile same concltlsion with laradar.,
inamelv: that it is ill chemical action that resides the origin of the evolutiol of
electricity inl tli(e voltaic pile. Faraday frequently alludes to my investigationlls
in a very kind manner; and subsequently (in 1840) he wrote ime a letter itl
which he said tlihat, eing a thorough adherenit of the chemical theory, lie liha
just attacked the qluestioln directlyy, as I had already (done, by demonstrating tlult
contact alone, if not accomapaniedl by chemical action, is not a source of elec-
tricity. The Ilmemoir inl which lIe ,probes this (question to tihe lbotto, is thile lat
which he devoted to this department ,f electricity. In it, by means of a multi-
tiude of in.gelnious experiments, lie demonstrates that tlie presence of an electro-
lyte (tliat is to say, »,f a liquid which is at once a compll)md( atnd a c(llndctor of
electricity ) is indispensable for the production of electricity in a voltaic couple;
lie va hisexprieshis experiments in a thousand ways, sollmetilmes liy exhaulstilng the
number of chemical compounds employed as electrolytes, sometimes bly tile inter-
vention of temperature or of other agents; and lie concludes by showing 1,by
general co,insideratioins the improbability of the existence of a force of contact.
We may say that this last work, a precious suppllement to the pli'e'ediing ones,

has rendered perfectly evident thle truth of tlhe chemical theory. This theory,
foreseen bIy olilaston and Falroni, limit opposed by moist of the physicists of
the early part of tile present century, lhad fouind a powerful argument in its avor
in thle Ieautifiul experiments of the .elder Blecquerel ujipon the electricity el
bv chemical actions. It was then (from 11'25 to 183;3) that, profiting by these
experiments, anti seeking, on my own part, to make others of the same kind
although in a slightly different direction, I published several memoirs to sillport
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and render more precise tile chemical theory of the voltaic pile. But I cannot
but admit that we are ind(lebted to Faraday for having baed tithistheory upon
irrefutable proofs, not only by tile great number and variety of his researches,
buIt esj.pec'ialy by his beautiful discovery of the (efinlite deconmqposing action of
tlit electric current-a discovery which establlisled between tile external chemical
acti.'n iof tie voltaic pile 11and the chemical ac('ti4on which takes place in the interior
of this aplparatlls. a r(el:Ition s) intimate that it is imllossible not to see in the
latter tlihe cause of the firmer.

111. I 1S;81 Faraiday d(liscIovered electrical induction; it is tile most important,
altholugl perhaps not thle most brilliant of his discoveries. Ten years before
(in 1.2l) lie had observed a perfectly new phenomenon in thie science of elec-
tro-dynam:mlic.is-that science ,w which issued cl.pilCete, is we mayV say, froin the brain
»f A;mpi(re, after GErsted's discovery. Struck by the explerimenlts of the great
Frencllh physicistt tlpotn tile 111mulual attractions and'(repulsions of electrical currents

)and magniiif.ts, Faradav was led, by th(eoIretieal ideas which were rather dispmtableandm not very comlmirmnable to the principles of mechanics, to assume th.t an electric
,iiTntmutIst tmn rolunI the pole (of a magnet with a contillnuIl's mIove(menut,liand
lccilucrlally that thlie pole ,of a magnet must in like nianner ti'rn r1ou(1 an electric,
(.r'renlt. Ie veriliedl this double result by experiment ; 1and Ampirei. )onsowed(
itsU:cer]d:c('e withJ his theory, ad(ldin, to it other filets (of 111' same nature. It is
nit tlie lo.-s true that tlie discovery of a continuous movement of rota;tin due to
the' co.lmlined action of a maurnet and an electric current was quite unforeseen,
iada:t t li' same time very important; for upl) to that time there was no example
of .u,, .-,,1 aclitota in pdh1.it .. It %as a first step in the course which was to
!l to)to ie findlin,g of a relation between mechanical movementt and tile mole-
cular :f'orce..

Arao.rf, (in IS2?.) was the first who directly established this relating by his
!1.:mtrifil dlisco:verv of magnetismln yrotation; ffor le showed li;it simplei:n'cliaiicl ilovenment could render a Io(ldy, in itself n(n-magni(, c. capable of
:a'lill. uphill tile !matrgnet. FaralayIadvanced still further in I~:I Ib diis.4VC'er-

:]ri!, tl~,tiw ,,,..uii!< tisit it wfi'4 s,,ffiei<.it to bnn: t.!war::d:-,cr r'nIovC front ,a n' 'i{c wire tonri-in.. a clisi'd circuit another parallel wire traversed by an elect ic current, or

?ilij)lv a n)a.nnet, in order to, develop in the former wire an elec('trie current. lie
sisicv4.rqd idnduction-thiat phinum.tenonwhich so many others lihad sou.lit in

%:tin, althoughh suspecting its existence, but which ho ulno hlad succeeded in

Let us dwell for a moment upon his fundamental expCriment. Two metal
i'l(es covered with silk are rolled together round a cylinder of gla.q or wood,;
the two wires are thus isolated, and have all their slircs :approt)xiulate a:nd par-
allel. An electric current is passed into one of these wires; immediately a. cur-
crit is manifested in aniopposite direction in the ineighlboring wire, the extrenmi-
t!cs of which are united by a galvanometer ; but this current only lasts fonr a
I,,mruent. The ceirrent paus;inithrough tthe firmAt ire is interrl'ul)ed; immedi-
-tely 'another current is developed in tile second wire, which is momIentary, as

iin thie former case, but directed in the samuo way as the producing current,
instead of in the contrary direction. The momentariness of these two currents,
iand tile fact of their alternately opposite directions, constitute the two important
characters of this new mode of production of electricity.
Faraday did not stop at this. Starting from Am)pere's idea that a magnet is

,mly an assemblage of electric currents arranged round an axis in tmianner
vterv analogous to the circulation of an electric current through a metallic wiro
rollf1ed into a coil, he tried the replacement, in his fundamental experiment, of
tlef wire traversed by the current by a simple magnet. For this purpose ho
twisted a single wire instead of two into a coil round a glass or wooden tube;
then he introduced a magnet into this tube, and ascertained that ati this moment
a momentary current is developed in the coil of wire, and that a secu-nd, equally
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momentary, but in an opposite direction, is developed at the moment when the
magnet is withdrawn. Here, therefore, was realized that production of elec-
tricity by magnetism which Faraday had long been seeking, convinced, as he
was, that as electricity produces magnetism, magnetism in its turn must produce
electricity.

Is it necessarv to follow Faraday in the multiplied experiments by which lie
demonstrates that the electricity developed by induction possesses all the proper-
ties of voltaic electricity, and of the ordinary electricity produced by machines-
that it heats fine metallic wires, gives shocks, and even produces the spark
To produce an electric spark by means of the action of a simple magnet, is one
of those striking facts which give to the discovery leading to such a result a
popularity, if I may venture so to express myself, which is reflected upon its
author.

Faraday soon showed that terrestrial magnetism, like that of a magnet, can
develop electric currents by induction in a metallic wire rolled into a coil or a
circle, and actuated by a movement of oscillation in a plane perpendicular to
that of the magnetic meridian. lHe found that it was not even necessary to
employ metallic wires' to ascertain the influence of the terrestrial magnetism
upon the production of induced currents, but that it sufficed to set a metallic
disk (of copper for example) in rotation in a plane erperndicular to tlhe direc-
tion of the inclination-needle to find that it is traversed by electric currents
passing from the centre to the circumference, or from the circumference to the
centre, according to the direction of the rotation. Still more readily does tile
vicinity of a magnet to a similar disk set in rotation in any plane under the
influence of this magnet develop in it induced currents, the presence of which,
directly ascertained, explains in a perfectly satisltctory manner the phenomena
of magnetism by rotation discovered by Arago.
These currents, although difficult to perceive, must nevertheless possess con-

siderable power, since they can drag a rather heavy magnet by tle action which
they exert upon it. It is probable that this power is due less to their individual
intensity than to their number, which appears to be very considerable. We
may cite two examples which prove in a striking manner the energy which this
mode of production of induced currents may acquire. The first is furnished by
a curious experiment of Faraday's, in which, on causing a cubical mass of cop-
per suspended by a thread between the poles of an unnlagnetizld electromagnet
to turn upon itself, he saw this mass stop suddenly the moment he magnetized
the electro-nagnet, in consequence of the magnetic action exerted by the cur-
rents which induction had set up in the copper. We find the second example
in the fact observed by Foucault, of the sudden stoppage which is likewise
experienced by a thick disk of copper set in rotation between the poles of an
electro-magnet the moment the latter is magnetized. This stoppage is such that
it can only be surmounted by a considerable effort, and the disk itself becomes
very strongly heated if the rotation be continued in spite of the resistance it
meets with. In order that such a heating effect should be produced in a mass
of such considerable size, and that we should experience an attractive action so

strong on the part of the electro-magnet, the induced currents thus produced
must be of very great power-a power which they owe essentially to the exces-
sive rapidity of the movement generating them.

I shall not follow Faraday through all his works upon induction which accom-
panied his fundamental discovery. I shall only refer to the fact that in 1834
he discovered a new important fact, namely: the production of an induced cur-
rent in the very wire that conducted the inductive current, and which takes
place at first at the moment when the latter current begins to circulate, and
then at that when it ceases passing. If this wire is rolled in a coil round a

cylinder of soft iron, the effect produced acquires great intensity by the fact of
the alternate magnetization and demagnetization of the iron which accompanies
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the passage and -interruption of tile current in the wire. We all know tlh
advantage that has been taken of this combination in the construction of very
powerful apparatus. We also know how, front one improvement to another,
we have comc to find in induction, and consequently in the simple mechanical
movement which gives birth to it, the most simple and economical principle for
obtaining electricity, especially with regard to its application to therapeutics
and illumination.
The discovery of electro-dynamical induction (that is to say, the production

of a current by the influence of an exterior current) led Faraday to examine
more closely than had previously been done into the phenomenon of statical
induction-that is to say, the development at a distance of tension-electricity
in an isolated conductor by the influence of an electrized body. IIe ascertainedi,
what no one had previously suspected, tlat the nature of the body interposed
between the source of electricity and the conductor submitted to the action of
this source had a great influence upon the effect produced--that, of the various
bodies, some facilitated the development of electricity at a distance, whilst
others completely stopped it. He named the former diclectrics; and lhe proved
that these dielectrics, which arc essentially resins, sulphur, shellac, oils of tur-
pentine and naphtha, &c., enjoy this property of transmitting electricity by influ-
ence in different degrees, whilst tlere is not in this respect any dliferenco
between the gases, which have the same dielectric power, whatever their nature
or their density may be. On the other hand, none of the metals are dielectric;
they are subject to the electrical influence, but do not transmit it.
From the investigation which we have just summarized, Faraday drew the

conclusion that induction does not take place at a distance, but that it is effected
b1v the intermediation of the particles interposed between the inductor and the
inducted body. Ho assumed that these particles are polarized one after the
other, which M. Mattcucci afterwards demonstrated directly by experiment;
that consequently the mode of propagation of electricity is the same in insu-
lating as in conducting bodies; and that the various substances only differ from
each other by the greater or less facility or rapidity with which this polarization,
necessary for the transmission of electricity, takes place in them. Then, passing
front this to the analysis of the different modes in which electrical discharges
take place, some obscure, others luminous, somc electrolytic, (that is to say,
accompanied by the chemical decomposition of the conducting body,) others
disruptive, (that is to say, effected by the mechanical disjunction of the particles
of the interposed substance,) he applied himself more particularly to the study
of the various forms displayed by the electric spark in more or less rarefied
gases. I should never have done if I were to attempt to explain all the experi-
ments which he made to elucidate these different points and to arrive at an idea
of the actual nature of the electric current. The identity of the current, what-
ever may be its origin-that its production is due to polar forces which may
exert a transverse action, as is the case in electro-dynamical phenomena-that
these polar forces emanate from contiguous particles; such are the principles
which Faraday endeavored to establish as the consequences of his experimental
researches, at the same time that he rejected the idea of actions at a distance,
referring all electrical manifestations to the presence of ponderable matter.
Whether or not we completely admit all Faraday's ideas, it is impossible not

to acknowledge the immense advance whiclihe caused the theories of electricity
to make, either by demonstrating by experiment the falsity of certain concep-tions generally accepted up to his time, or by opening up perfectly new points
of view as to the actual nature of electrical phenomena. We have just had the
proof of this in the consequences to which he was led by his investigations on
statical induction. His discoveries in electro-dvnamical induction lave had
still more important consequences, by introducing the notion of mechanical move-
ment into the essence of electrical movement, and thus enabling Weber to oom-
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bine, in an equally ingenious and satisfactory manner, the mechanical phenomena
of electro-dvynaiiics, discovered by Ampelre, with the electrical lihenomena duo
to mechaniical movement, discovered by Faraday.
Amplre and Faraday: two names which will always be united by the inti-

mate relation of their works to the historyo,f the science of electricity, in which
they have opened such new and vast horizons; and ytt minds as di.ssimilar in
their mode of pnrceeding as similar in the pow,.r of their genius. Bothsei. -
nently endowed x ithl that faculty of divination which generates great discoveries,
but one of them, Faraday, arriving at them by imlpre.ssioin, bv a kind of instinct
which never deceived him, the other, Ampere, advancing with a more certain
step, having ahis instrument those calculations which lie handled with such
remarkable :ability, and thus arriving at results which lie hardly required experi-
ment to confirm, so certain was he that this would not contradict him.

IV. I now pass to the last gret series of Faraday's works. I hIave said, an(d,
I think, proved, that induction was the most important of his discoveries; I
mmust now sa:v that tile action of magnetism and electricity upon light was tlhe
most brilliant. O()ften the attempt hla( been made to see whether nimagnetismi and
electricity exerted myv direct influence upon light; but these attempts had always
failed. Inlvestiigators had operated upon luminous rays travelling in the air or
in liiluids, and endeavored to act upon them, sometimesIby stromi miagnets, somc-
times ibv electric currents or biy statical electricity ; lbt these attempts had led
to nothingr, absolutely nothing. All these negative investigations have never

been published, but they have nevertheless been made.
Guided 1bv theoretical considerations upon thle mutual correlation (,f the forces

of nature, Faraday, after many fruitless attempts, succeeded in finding tile co,n-
nection which exists between light and tile magnetic and electric forces. Instead
of taking an ordinary ray, he operated with a polarized ray; instead of acting
directly upon this ray by means of a magnet, he submits it to the influence of
magnetism while it is traversing a glass prism in the direction (of its length.
This prisi.m, erminated ,by two square and parallel bases, the surf-aces of which
are well polished, and which are those ,ywhich the polarized ray lenetraies and
issues from thie prism, is placed between tile pols of an electro-muagnet ill such a

manner that its length and, consequently, the direction of the transmitted ray

are parallel to the line joining the magnetic poles. Lastly, tile liolarized ray on
issuing from tile glass prism only reaches the eye after passing through a Nico's
prism, which serves as an analyzer. It is also by traversing a NSicl's prisml
Ili;,re p'enetratimn into the glass prism that the ray of light is polarized; but
this may Ie (11ec'ted in any other manner.

It is -well known that by turning the analyzingprism to a certain angle the
polarizedl ray is extinguished in such a manner that the brilliant spot is replaced
ly a black spot. 11' after this operation has been effected, a strong electric cuir-

rent is pl)tss.l through the wire surrounding the electro-magnet. the Ilack spot
disappears and thle bright one again makes its appearance. Then by turning
the analyzing pr'ism a little further in the same direction, the liumuinous ray is

again (extinguished ; but this extinction ceases as soOa as tile magnetic action is
suppressed by tlhe interruption of the current which magne tized the electro-
Ilagtnet. Thle action of magnetism, therefore, consists simply in causing the
plane of pl)htarizatii, to turn by a certain angle, and to give artificially to the
glasa, while it is under the magnte(tic influence, a property which certain sub-
tIIances, uch as quartz and essence of turplentine, possess naturally.
Any transparent substance, except gases, may serve, although in different

degrees, as the medium for magnetism to act upon the polarized ray. Illt that
by means of which this influence is best manifested is the yellowishl heavy glass
(burosilicate of lead) which Faralday obtained in his experimental researches
upon the fabrication of glass for optical purposes. He happtenied to have at
haud several specimens of this glass; and it was by using oue of these for per-
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cover to which I have just alluded is that as the magnet acts by attraction
upon magnetic ,bodies, it acts also by repulsion upon all other bodies in nature.
From this it results that whilst a rod of iron, or of some other magnetic sub-
stance, suspended between the poles of an clectro-magnet, places itself axially,
(that is to say, parallel to tlhe line which joins the poles,) a prism of heavy
glass (the same, for example, which served for the experiments on light) places
itself equatorially, (that is to say, transversely to this line.) A rod of bismuth
is in the same case; and this metal and heavy glass are the substances on
which this repulsive action of the magnet is most distinctly exerted ; but all
1b,,lies in nature which are not magnetic (and these are by fatr the most numer-

,us) present the same property, although in various degrees. In this way
Faraday comes to class all bodies under two leads: those which are magnetic
(r oauramangntic, as lie calls them, such as iron, nicke, &c.; andl those which
are diamagnctic, such as bismuth, antimony, hheavy glass, &c. The character
of tile former is to le attracted Iby the magnet, that of the latter to I!? repelled
h1y it. It is true that this repulsion, to become sensible, requires an enormous
.agunetic power even in the case of bodies of which the diamagnetism is most

-rrunglylr marked, whilst a very weak magnet is suttfficient to betrav its action
upon the magnetic bodies, such as iron, steel, nickel, &e.

It therefore required very powerful means, such as 1Faraday employed. for the
discoveryy of diamagnetism. Ne'cvertheless a distinguiIshed amateur in science,
M. Lebaillif of Paris, had slown, as early as 1828, that a fragment of bismlluth
or antimony very evidently cls a dlicatlyelsadel icspended lmagnetized needle
.icnn brought as near as possible to one of the poles of the needle, but without
tiitchiiig it. Mr. Faraday was ignorant of this circmunstance when lie published
liis lir.t work on diamagnetism. I immediately informed him of it. at the same
trii,indicating the journal in which 1 had'pilished M. Lelbaillif's experiment,
.vhich I had witnessed at the time. Hle accepted my reclamation in the most
ami'icalle manner, and at once, with his usual good flith, recognized the priority
of' M1. Lebaillif with regard to bismuth and antimony.

In the numerous researches which Faraday devoted (from 1845 to 1855) to

,lituumagnetism and at tlhe same time to, magnetism, there are some important
lfints which I must indicate. Ile discovered tle remarkable influence exerted
lupon this kind of properties by the molecular constitution of bodies, and espec-

ially liv crystallization. lie showed, for example, that a crystallized lamina
(if !,ismuth or antimony can place itself axially between tile poles of an electro-
inag.inet like a magnetic bodoy, as well as eqlatorially, and that the position
which it takes depends on the manner in which it is suspended relatively to thle
direction of its cleavage. lie endeavored t investigatetoithe force which comes
into play in facts of this order, which he names mawgnlfcr.,rstaUllii force ; whilst
P'llcker, on his part, widened its lield by his beautiful and numerous researches
,,n the manners in which crystals place themselves between thlie poles. of a
electro-magnet ; and Tyndal 1, t lie worthy successor of Faraday at tlhe Ilyal
Ilstitutinl,,by his ingeilious experiments analyzed the phenomellon.il ints genei-
alitiy and succeeded in connecting it, in a perfectly saitisfictory manner, with
the laws which govern nagmiettitmzi and diamnagmIetism. bSubsequently Tyndall
suc'eedehd also in d(.mmonstrating, bIy a decisive experiiment, that diamagneti.-m.n
like magnetism, is diue to a polarity caused by the influence of the inmagnet in
th,' diamagnetic bIody, buit with this ditlerence, that, instead of opposite poles,
hiM .onvmoI less are develojeld by the poles of tile magnet. Thus fell to tile

Iri.,moul all the other more or less rash attempts at explanation which had been
iveen of adiamnagnetism.
Another point, which deserves attention is the investigation which Faraday

uii.1he. o»f the magnetism and dliamagnetism of gases. lie arrived at this curious
i'..m-lt, observedi likewise by Edmuoind Bccquerel at thle same time,) that of all
gases oxygen alone is magnetic, and this in a very marked degree, while all the

16 s
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frrmingt the experiment just described that he discovered the magnetic rotation
of tile plane of polarization, a phenomenon which would probably have escaped
him if lie hald mIade use of ordinary glass at first starting. Thus the long and
painful labors to which lhe had formerly devoted himself without any great suc-
cess, in order to discover a glass fitted for the fabrication of lenses, were not
lost to science, since they facilitated his enriching it with one of his finest dis-
coveries.

L:'t us now study the new phenomenon a little more closely, so as better to
sliw all its importance. Some sul4st:ancs, we have said, naturally possess the
property of causing the plane of polarization of a polarized ray traversing them
to rotate through a larger or smaller angle; some cause it to turn to the right,
and others to the left, of the observer. The discovery of Faraday was that the
influence of magnetism or of electric currents develops this same property in
nearly all transparent substances, lbut with this difference, that the direction of
rotationll of the plane of polarization derlends only upon the position of the
m:llgnlic poles, or the direction of the currents with relation to the transparent
sulstlance. f i'he law is, that if thle north )pole of the clectro-nmaguet is placedtl
ol the. same side as lle observer who receives the ray into his eye, and conse-
quet'ily the southpl)le on the side by which the polarized ray enters into the
substallce, thel rotation of thel Ilane of polarization takes place, to the observer,
from left t ttoright. It takes p;lce from right to left if the direction of the cur-
rent, and consequently that of te magnetization, lbo changed. The action of
the magnet may lbe replaced by that of a coil in the axis of which the tralls-
parient substance is placed. In this case, again, the rotation of the plaerof,
plolarization is very well observed when a rather strong current is tr:asmitttil
through tle wire of the coil; and the direction of the rotation is always the
same as that of the current.

Thlusw,whilst in substances naturally endowed with circular polarization tlhe
rotation of ile lhlne of polarization always takes place, according to tlhe nature
of the slllstance, either to the right or left of the observer, in IFaraday's experi-
mernt the direction of this rotation only depends nuon the direction of electrl:
currents or the relative position of the magnetic poles, since it is cuipleltely
indll)ependent of tle position of the observer. T''hse two kinds of action a:e
therefore not identical, andl we cannot say that by the influence of the mnItal:et
or of electricity we produce in all transparent bodies exactly the same prloerty
that certain substances naturally possess. Faraday well shows this difference
Iby anl experiment which consists in producing, by an ingenious artifice, the inter-

lal reflection of tlhe polarized ray upon the extreme surfaces of the prism; this
may Ie done once or several times before the ray is allowed to escape, and
doubles, triples, or quadruples tile angle of rotation of the plane of polariza-
tion, according as the ray is reflected once, twice, or three times. But when,
instead of thle magnetic, we have to do, with the natural rotary polarization, the
result is quite dififrent, the return of the rcflct'dl,ray neutralizing the effect
which the direct ray had undergmone while travelling in an opposite direction.
In this case the angle o(,f rotationl of the plane (,f polarization reflected twice,
aind which consequently has three times traversed the transparent substance, is
no greater than that of a ray which has onely traversed it once.

'The general phenomenon so unexpectedly discovered by Faraday has hith-
erto remtailled unexplainedlt, notwithstanding tman;y investigations, and especially
the persevering and remain kaible researches of M. Verdet.

It l.as not etven been possib e to connect it with some other property of 1)odies.
although ah ach substance has its specific magnetic rotatory power. Faraday,
however, drew from it a general (oInselquenvce which led him to another dis-
covery, namely: that magnetismi acts u1pon ll1Hodies, since all transparent
lbdies may be mtlitiied under its influence sullicieutlv to acquire, in different
degrees indeed, a power which they do not possess of themselves. The dis-



MICHAEL FARADAY-HIS LIFE AND WORKS. 243

other gases are diamagnetic. Considering the great part taken by oxygen in
the composition of our atmosphere, he attempted to xplain, by the Imalgnetic
properties of this gas combined with variations of temperature, the phllenomenon
of the diurnal variations of the magnetic needle which lh traced over all parts
of tlhe surface of the globe. It is impossible for us not to regret a little tlle
considerable time which lie devoted to this investigation, especially as it appears
to us very probable that it is not in the action of tlie atmosplhre, ult ili(muc
rather in that of the earth itself, or perhaps even in that of the sun, that we
must seek the cause of all the phenomena presented by the magnetic needle.

Lastly, a third point remains to lbc noticed, namely, that which relates to tlhe
investigation of the magnetic field and of what Faraday denominates the lines
of magnetic force. According to him, as we have already hlad occasion to
remark, there is no such thing as action at a distance ; consequently the mag-
netic field thatt is to say, tile space included between two approximated ma-
netic poles, such as those of a horseshoe magnet) is a medilmn frnom which, in
every one of its points, forces emanate, the distribution and dinretion of which
are indicated 1,y the very regular arrangeenlc t effected by line iron-filings
placed in this space. T'he lines whichlie calls lines of magnetic force thus
become visible iand even tangible. But they exist none tile less even when we
cannot see them, and it is the displacements or Imodificaltions w\hich they expe-
rience by the presence of a ponderable body in the medium in which they occur
that give rise to all the remarkable effects of which tlhe n:mgnetic field is tlhe
scene. Such is, in a few words, Faraday's view ulponi tllis particular question.
We pass in silence over a multitude of interesting details iupon diamagni etic

polarity, upon tile distinction to be set up b)etwten l lmanetic and dia:magnetic
bodies, and upon the possible relation between gravity and electricity. In
1850 lFaraday reverted to this question, which lie had previouslIattempted, but
without success. We see that it is with regret that lie is oblliged to reliInquish
the discovery of this relation, which lie had twice sought after; lutt with his
usual good faith lie admits that, although convinced that it exists, he was una-
lle to find any fact to establish it. If experiment, which lhe knew so well
how to eploly constantly, gave him a negative response, would nott this ifo
because his point of view was not correct antlldid not his error arise from his
forming too vague ideas as to the transformation of forces, not taking sutli-
ciently into account that it is tlhe work effected by the force, and not the force
itself, that must be considered in questions of this kind ?
V. We have passed in review the principal labors of Faraday ; and it onlyremains ;fr us, in order to complete this notice, to endeavor to form :an idea of

the special character of these labors, and of the influence which they have
exerted on tile progress of science.
The first character that strikes us is their number. What Faraday publishedin the form of memoirs, from 1820 to 185.5, is incredible. And what would it

lave beeni if, side by sidewiith the multitude of experiments which le lhas made
inown, we placed in a parallel series tlose which lie never lpulisheld It is
true that if lie has left them buried in his journal, it is because they gave him
negative rcsutlts; but from how many fruitless essays and erroneous attemptshe would have preserved scientific men if he had not been so discreet !
A second character is tho exactitude of the resL.tlts obtained: I do not think

that Faraday has once been caught in a mistake; so precise al(nd conscientious
was his imode of experimenting alnd observing. It must be admitted that in
him the hand marvellously seconded the head ; lh was of remarkable dexterity,
and posssssed a practical talent, rare and precious in men of science, which
enabled him, when necessary, to construct and modify his apparatus for himself,with the view of attaiinig with more certainty the desired result.
A third character, of quite a different kind and of much greater value, is tlhe

originality of the wt-kA of Faraay. A disciple of Davy, he undoubtedly
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shows traces of the school from which lie came, especially in the choice of the
subjects of which he treats ; but le does not blindly follow either the method
or the steps of his master, and, soon Iuitting the beaten track, lie strikes out a
path for himself. What is thisplath I slhall be asked. 'Ihis is not easy to
say; but I will nevertheless attempt it.
At the commencement of the present century, thanks to the important works

of which it had been the subject, tlie science of physics had acquired a character
of precision and clearness which seemed almostt to make of it a mmahematical
science. The fine treatise, in four volumee, on Experimental andi Mathematical
'lPhsics, published in 1816 by M. Biot, gives the most correct and conmllete idea
of tile point at whic this science had arrived. To the conilsion which still
reigned in the middle of the eighteenth century between tlhe various depart-
ments of the science, to tlhe ignorance which then still prevailed upon a great
number of these departments, succeeded a clear and substantial analysis of all
the phenomena, brought under simple and rigorous laws. Heat, light, lec-
tricity, and magnetism were regarded in it as so many distinct agents, having
their special properties and obeying their own laws. Calculation was adliirably
fitted to tlese clear and precise conceptions; hence we find it greatly used, as
witness the very title of M. Biot's treatise.
The great discovery of CErsted, (in 1820.) upon the relations existing between

electricity andmagnetisn, began to diminish confidence in this mode of con-

sidering the phenomena, a confidence which was already a good deal shaken by
the researches of Fresnel and Ar:go npon light. The breach once opened, the
fortress was soon entered; and among the most intrepid assailants Fara(day
figures in the front rank. By his researches on the condensation of gases, he
shows that there is nothing absolute in the laws of Mariotte and Gay-Lussac
and in the distinction so generally accepted between vapors and permanent
gases. By his investigations upon voltaic electricity, lhe es:abllishes between
chemical affinity and the production of electricity a relation so intimate that it
seems as if the one was onlv a form of the other. By his (Hscoverv of induc-
tion, lie brings in mechanical movement as.an important element in the produc-
tion of electrical phenomena. By his experiments on the influence of the mag-
net and of electricity on polarized light, and by those which were the conse-
quence of it, lie opens to science a new path which no one had foreseen. IHe
succeeds thus in establishing between the natural agents which we name light,
lieat, electricity, magnetism, chemical affinity, and molecular attraction sucl
intimate relations, such a connection, that it is impossible not to think that we
shall one day succeed in demonstrating that they are only different forms of the
same agent. No doubt lie is not tlhe only one that has followed this path.
Many others have brought in their contingent to this work of demolition and
reconstruction; but he was one of the first, most active, and most persevering.
Therefore his works, I have no doubt, will always be regarded as corncr-stones
in the new edifice which we are now endeavoring to construct.

I designedly say, which 'we arc endeaoring to construct; for we must care-

fully avoid thinking that it is already constructed. Since the fine discovery of
the mechanical equivalent of heat, it seems as if everything had been said and
everything were easily explained by means simply of a ponderable matter, an

impol)ndlerable &ether, and a mechanical impulse. Vulgarizers of science, mIore
anxious to produce an effect than to remain faithful to scientific truth, proclaim
a nlohcullar system of the world destined to form a pendant t*) the c3;caniqute
Celestc of Laplace. According to them, nothing is more simple, nothing clearer;
attraction itself, which has been the object of the study of so many superior
minds, is merely the effect of an impulse easy to understand. A dangerous
illusion ! which, if it succeeded in propagating itself, would be as fatal to the
true progress of science as opposed to its useful diffision; for it is especially
upon those who take to themselves the high mission of popularizing science
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that it is imperiously incumbent to spread none but correct and well-founded
ideas.

Let us not, however, exaggerate anything, or refuse to recognize in the too
positive ideas which we have just combated that portion of truth which they
may contain. With this purpose let us try, in conclusion, to lay down in few
words the point at which, in our opinion, in the present state of science the
important question of the unity of forces has arrived.

After having for a long time arrested the progress of science by abstract and
,eLieral considerations upon tlie l)henolmena of inatulre, the )philosophers finished
by adopting, with Galileo, the experimental metthod, the only one that can lead
with certainty to the discovery of the truth. A rigorous and profound analysis,
placed at the service of this method, furnished certain and fundamental results.
Reverting to a synthetic phase, many superior minds now seek by Imeans of
these tediously a(nd painfully collected materials to reconstnlct the edifice of
which the raising was formerly attempted in vain. No doubt science has thus
entered upon a fertile course, but only on condition of advancing with sure and
conselcuently with slow steps. We speak of the unity of force, and of the
transformation of forces one into the other; but do we know what are forces t
do we know their nature ? We have certainly proved transformations of move-
ment, and shown that one work may change into another work, mechanical
luotiion into heat, and heat into mechanical motion ; tlese are, without doubt,
the mIost important points gained by science, and enable us to get a glimpse
of the existence of a single cause manifesting itself in various forns. But it
is a long way from this to the discovery of this cause, this single force. Shall
we some day arrive at it It is possible and even probable; and in this case
the name and the works of Faraday will always remain associated with one of
the greatest problems which the human mind can entertain.



THE JUSSIEUS* AND THE NATURAL METHOD.

BY M. FLOURENS, PERPETUAL SECRETARY OF TUE FRENCH ACADEMY OF SCIENCES.

Translated for the Smithsonian Institution by C. A. ALEXANDER.

Introdwtion. Few books of botany, or even natural history, have had more
success than the small treatise of Magnolt (I say small, for it has less than a

hundred pages,) entitled: Prodromus IIiJtoria Generalis Plantaram in quo
Families Plantarum per tabulas disponuntur, Monspelii, 1689. The fine preftce
of this little book-and it is only the preface which is fine-comprises but tlirteeu
pages; and the name of Magnol, (such is the vitality inherent in ideas of a
high order, when they are also the first, and touch upon some great problem,)
can never be forgotten.

"After having examined," says Magnol, "the methods most in use, and found
that of Morison insufficient and defective, that of Ray too difficult, $ I thought
that I could perceive in plants an affinity, according to the degrees of which it
might be possible to arrange them in different families, as it is customary to
classify animals. This relation between animals and vegetables has given me
occasion to reduce plants into certain families, (for thus I would call them by
comparison with the families of men;) and as it seemed to me impossible tu derive
the character of these families from the fructification alone, I have chosen the
parts of the plants wherein the principal characteristic marks are met with,
such as the roots, stalks, flowers, and seeds; in a number of plants there is even
a certain similitude, a certain affinity, which consists not in the parts considered
separately, but in the whole. I doubt not that the characters of families may
also be drawn from the first leaves of the germ at its exit from the grain. I
have therefore followed the order observed by those parts of plants in which
are to be found the principal and distinctive marks of families, and, without
confining myself to a single part, have often considered several together."

There are many ideas in this page, and all of a striking character. Magnol
perceives that plants may he arranged in families as we arrange animals; lie
seeksich parts in whick the pTincipal characteristic marks occur; he sees tbat
the characters offamilies may be derivedfrom the first leaves of the germ, Fc.
And yet how much uncertainty is still apparent-how much vagueue.s ! Some-
times he considers such or such parts separately, the roots, the Jloicers, the
seeds; sometimes he considers several of them together; sometimes lie cou-

*An account of several members of the distinguished scientific family of Jussien will be
found to be embraced in the pre-sent article. ' When, in t1e3," says M. Flourens, "I had
pronounced before the academy the Elote of Laurent de Jussieu, M. Adrien do Jussieu ex-

pressed to me an earnest wish that the study should be extended to all the members of his family,
and that sonic details might be added to show their patriarchal habits and the ties of mutual
regard which united them. lie then coufided to me certain private manuscripts which his
premature death has devolved on met the duty of employing, and of which I have reproduced
some extracts in this notice."

t Magnol was the fil.t who introduced into the Method the word "family."
t This method, too difficult, thoughA cry lcarmed (quumris docissiWuam,) indicated at that

early period the grand division of monocotyledons and dicotyledons: hec dirisio (that of
dicotyledons and monocotyledons) ad arbores etium cztendi potest : siquidec palma et con-
gucres hocs cspCctu eodernmodo a retliuis arboribus differunt quo monocotyledunes a rcliquis
crbis. (Joannis Raii, MAethodus Plantarum Nrua, etc., Itjd.)
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Fiders the whole of the plant. Hesitation is everywhere conspicuous, because
the inquirer is destitute of a guiding principle-the principle established by
Bernard de Jussieu and developed by his uephew Laurcnt-the principle, in a
word, of the subordination of characters. "' The natural method," said Linnaeus,
"has been the first and will be the last term of botany," methodss natural/s
prinmu et ulttmuwjinis botanices eat ef erit.) To this end, in effect, have tended
all persistent and comprehensive researches. When, in the middle of the six.
teunth century, Gesner indicated the characters drawn from the fructification
as the most essential,* he pointed out the right path. It was Gesuer," says
M. Cuvier, "who discover the art of distinguishing and classing plants by the
organs of fructification, the art which has, in truth, created scientific botany ;"t
when, shortly after Gesner, Csesalpinus founded the first genera on the root and
germ ;j when, profiting by the labors ofGesnerand Caesalpinus, though without
.Icknowledgment, Morison established his classification on the seeds § when
31,gnol wrote the suggestive page just read ;11 when Tournefort excluded
fiom the constitution of genera every other character but that of flowers ail
fruits ;l when Linnaeus published his Researches reesecting Natural Orlers ;**
tlh-se vigorous intellects did but follow, by successive advances, the route
opened by Gesner. The problem of the natural method was in the nature of
ia enigma, which they transmitted from one to another, and of which the two
Jussieus, Bernard and Laurent, eventuallyy found the solution.

T'he Jussieu family, natives of a small town in the mountains of the Lyonnais,
which separate the basin of the Loire from that of the Sa6ne, had then exercised,
from sire to son, the function of notary for several centuries, when, about 1680,
onic'of its members quitted Moutrotier, near the hamlet which bears their name,
in order to seek his fortunes elsewhere. This more enterprising member, whose
aamue was Laurent, having taken his degrees in medicine, established himself

* Ex his (flore t fructu) enim potins lqunm foliis stirpiuul natural cet cognationes apparent."
(.pist. ad Theod. Zuitngerumn.) "'lis uotis(a fructu, Fcniine et flore) stapbisagriaui et coI-· ..iidamrarealem vulgo dictum aconito cogerlcm fauile deprehendi." (Ibid.) "Aleli.ssa Co(!-..-:atinopoLitana ad lamium vel urticam moiurtuamtl uodaui modo videtur accedere, svt*;li.s
tu;Len, under ego cognatioues stirpiuln indicare soleo, figure differt." (EpiSt. ad Adu:Ph.
Occonem.)

Blrtliographie universellc, article Gesser.
'l'Parts sunt radix et gernenu: ex horum igitur differentiis prima genera constitucnds

sunt." (De plawtts, 1, cap. 13.)
§ After claiming for his doctrines equal novelty and infallibility (Plsntarum Hist. Unir.

0xoniensis, seu iterbarum distribution nora, 17I1>,) pretensions on which the judgment of
3lasnol has already beIn seen, Morisou proceeds to say: "Notas generics et eCsentiales a
sc!:iiiuibus corunmque similitudine petitas per tabulas cognationis et aflinitatis dispouetes
s:lrpcsV exhibhbiUmus. )ifferentias specifics a partibus ignobilioribus, scilicet radice, l;liis
et caulibus, odore, sapore, colore desumptas adscribewaus."

| It has Pierre Magnol who replaced Tournefort at the Academy of Sciences as titular
member. Magnol did not reside at Paris, but against such merit as his no rule is valid. I
fiud in the proceedings of our ancient academy ( february 6, 1709) this note of the secretary,
loutenelle; "I read to the company a letter from M. Pontchartrain to the Abbe Iignon,
dated Versailles, February 5, in which it is announced that, for the nomination of the:4lth
of January, the King has chosen M. de Magnol, though a non-resident, on account of his
great reputation in botany. About the time when IMoison, Magnol, Ray, published their
gpueral views, and thus opened for their successors the way to the study of the botanical
atfinities, Rivin, by a few pages replete with philosophic evkws, anticipated Linnaius in sev-
eral points of the reform which was required in the uomcnclnture, (Introductio Gencralis in
rem lHerbarium, 1ti'9.) Morison's work, Plantarum Unbetliferarum Distributio Nova, bears
the date of 1*72; his Plantarum Iistori Unirersalis, that of >i(O; the work of Ray, Methodus
Plantarum Nora, &rc., appeared in ltie; that of Magnol in It6W9; that of Ririu, the tit;e
or which has been just cited,in Jli9; and the Elcments de Botanique of Tournefort in 1694.
In every department, it is from the close of the seventeenth century that the first steps of
the great philosiphic movement of the eighteenth century date their commencement.
T " I lac, cunl itasint, genera plautaruml statui non posse liquet, nisi fires simul et fructus

adhibeantur." (Isffoge i rem Ilerbariarn, p. 57, 17104.)
"* tragmenta tthlodi Paturalis rel Ordines Naturales, 1738.
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finally as a master of pharmacy at Lyon. He there married and became the
father of sixteen children, three of whom, Antoine, Beruard, and Joseph, have,
on different grounds, been remarkable among the most celebrated botanists of
an epoch of unrivalled brilliancy as regards the cultivation of their science.

ANTOINE DE JVSlIEul.

Destined to the ecclesiastical profession and educated at the collee of the
Jesuits, Antoine had, from art early agr, substituted for the rude sports of youth
the observation of plants. This taste, already very decided in the child, became a

pi)asiou for the young man. " He passed," says his biographer, Grand-Jean de
Fouchy, " in searching for plants the whole time which his duties left at his dis-
posal, and some ofthat, perhaps, which those duties might have properly claimed."
From the age of fourteen years he explored, in his herborizations, the environs
of Lyon, la Breese, Bugey, Forez, &c., and even a part of Dauphiny. To find
means of classifying the plants he collected, he addressed himself to a celebrated
physician, M. Goiffon, who placed in his hands the Fllments de Botanilue of
Tournefort. This work gave a fixed direction to his ideas; and from that moment
all traces of the ecclesiastic disappeared.

ILaving terminated his collegiate course, he ventured to avow to his father
that he felt it impossible to direct his thoughts to any other subject than the
study of nature, and, after some irritation and reproaches, this father, though
chagrined at seeing his plans disconcerted, but having no grounds for doubting
the sincerity of his son, yielded so far as to give him permission to pass from
the seminary to the medical school of Montpellier. A place in a public vehicle
was retained for the fugitive, but, notwithstanding the rigor of the cold, he
made his journey on foot, still herborizing, and reserving his right of tra::port
only for the purpose of sheltering the plants collected on the way. At Mont.
pellier, neither his medical studies, nor even several years of practice as physi-
cian, in any degree estranged him from botany, for he had there had the advantage
of hearing Magnol. Thenceforward his most earnest wish was to obtaiu access to
the instructions of Tournefort, and as soon as circumstances permitted he repaired
to Paris, with a view of attending the annual courses of that great bot;tnist at
the Jardin Royal. This was in 1708, and Tournefort, who had already sustained
the accident which so prematurely removed him,* was no longer teaching. The
surprise of Antoine may well be imagined when, not later than the following
year, he found himselfoccupying, at the age of twenty-three, the chair from which
le had hoped to receive instruction; for Isnard, who had been at first nomillated
for the succession, after a few lectures retired, and Antoine was then, at the in-
stance of the admirers whom he had left at Montpellier, preferred tt the vacant
place.
* * * * * * *

The volumes of our Academy contain several botanical memoirs of Antoine
Jussieu on Fungi, on coffee, the simarouba, contrayerva, torch-thislle, catechu,
&c.; and they contain also five on fossil remains, both of animals or vege-
tables, a subject of study then entirely new, and which, for that reason, would
seem worthy of a passing notice. The first of these five memoirs has for
its title: An examination of the causes of the impressions ofplants observed on
certain stones of the environs of Saint Claumrmt in the Lyonnais, (lMemoiwres de
IrAcademie des ,Sciences, 1718;) the second : Physical researches on the pcri-
factions of dlfJercnt parts offoreign plants and animals wAtch occur in Fra,..c,
(Ibid., 1721 ;) the third: On the origin and formation of a species ofconvoluted
stones, called horns of Ammon, (Ilid(., 1722;) the fourth: On the origin 1fj
*"As he was going to the Academy ot Sciences he had his brea-st violently pressed by the

axle of a cart which ie could not avoid, and died December 240, 1708, aged only 53 years."
( MImoire Iittoriqul et Lilttrairc sur ie College Royal de France, par AblCGoujet, article
Tourfefort.)
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stones called adders' eyes and toad-stones, (Ibid., 1723;) and the fifth: Obser-
ratioN;s on some bones ofa head of the hippopotamus, ( Ibid., 1724.)
Of these memnoirs the most important is the first; it is, so to speak, the

author's memoir of discovery. And yet how far was the learned world at that
date i-rom any just conception respecting those phenomena of remote ageswhich every day become more imposing in proportion as they are better under-
etood. If we listened to Antoine de Jussieu, tle question would seem to relate
only to certain national antiquities, which give to one people a title to glorifythl:euelves above others on account of their possession. "T here is no nation,"
he says, " which does not pride itselfon the monument. of whatever nature which
seem to indicate the antiquity of the country; when the still existing remains
of human labor are not available for this purpose, recourse will be had to anyother peculiarity which points to a remote origin. Even botany, since its
recent and striking progress has attracted more general attention, has been laid
under contribution as aliment for the sentiment in question. Thus MM. Lloydand Woodward have arrogated honor to England from the discovery of stones
on which have been observed the impression of different plants. M. Mill claims
the same distinction for Saxony. and M. Leibnitz haA enumerated all the places
in Germany which may pretend to the possession of these ancient vestiges of
nature. M. Scheuclzer, lastly, extols Switzerland for an unequalled affluence
iii these impressions of vegetable forms, whose types, he alleges, existed before
the deluge." We see in this statement with how much fairness Antoine recog-nizes the title of other nations; but, proceeding to assert for France an equalityof advantages in this respect, he says: "Of this I had an opportunity of sat-
isfy ing myself when, passing through the province of the Lyonnais on my way to
Spain, I traversed the environs of Saint Chaumont." The honor of France
being thus assured, he enters upon the subject and recounts that up to the gate
of Saint Chaumont and along the little river of Giea he had the pleasure of
observing on most of the stones which he picked up, the impressions of an
infinitude of fragments of plants, so different from all those which grow in the
Lyonnais, the neighboring provinces, and even in the rest of France, " that it
seemed to him as if he were botanizing in a new world."

This explorer of a new world, and relatively much more new than he supposedit, first remarks that in these stones the impressions of plants are found only
on the surface of the laminations. lie next remarks, that on each flake or lamina
they are different and placed in different directions, and the number of these
flakes, the facility of separating them, the great variety of plants distinguishable,c;auses him, as lie ingeniously says, " to regard these stones as so many volumes
of botany which, in each quarry, compose the most ancient library of the world,
and all tle more curious inasmuch as these plants either ezist no longer, or, if
they Ftill exist, only in countries so remote that we should have no knowledgeof them without the discovery of these impressions." I have italicized the words
Jcrist no longer, as being in effect not a little remarkable, and as presenting, thoughunder a rather hesitating expression, a first indication of the grand idea of the
Buffons and Cuviers on lost species.
Among the thousands of strange plants which have left their traces on our

rocks, the practiced eye of Antoine quickly rec gnizes capillarias, ceteracbs,
polypodiums, adiantums, osmundas, filiculas, and species of ferns which resem-
ble, he says, "those that R. P. Plumier and .1. Sloane have discovered in the
islands of America, and those which have been sent from the East and West
Indies." lie recognizes also leaves of palms and other foreign trees, peculiarstems, seeds, &c. But how does it happen that all these strange plants, these
plants of India and America, occur in this country, in France, in the Lyonnais,at Saint Chaumont ? Antoine is not willing to have recourse to the deluge; he
is c:mtent with simpler means: " Without being obliged," says he, " to recur either
to the inundation of the universal deluge, or to those earthquakes and violent
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concussions which have produced great openings through which the waters of
the sea have entered; without speaking of the fearful overthrow of vast monil.
tains which, in their fall, have occupied a great space in the bed of the sea, and
thrown its waters far inland, there is no want of proof that the greater part of
outlands, which seem to have been inhabited from time-immemorial, were orign-
nally covered with the water of the sea, which has since either insensibly or
suddenly abandoned them." No; truly, there is no want ofproofthat the greater
part of the land ias been covered by the waters of the se:, and not only origi-
nally, as Antoine says, but repeatedly; for originally will not suffice; and in
the present case it is evidently necessary that the earth, before being covered
by the sea, should have been first dry land, since it had already produced ter-
restrial plants; there had been, therefore, two epochs, and there are two facts:
the irruption of the seas and their retreat. " From the moment," says Antoine,
" that it is apparent that different places have been covered with water, it is easily
comprehended that impetuous floods, impelled from north to south, and again
repelled from south to north, whether by the resistance of high mountains or by
violent hurricanes, have swept with them the animals and vegetables of southern
countries, and that in this reflux the waters having entered and remained in
the recesses where certain mountainous formations lave constituted bay.4 or
basins, have there retained these light bodies, some entire, others broken."
Thus, impetuous floods driven to and fro, violent hurricanes, arrangements of
mountains, constitute the mechanism which Antoine imagines for such grand
effects, and which draws from Fontenelle the remark that in such matters it is
enough to obtain the faintest glimpse of a system." It was enough for the time.
Limited explanations must precede comprehensive ones; and, ial regard t, the
causes, so long hidden, of the displacement of seas, one could scarcely exlp.ct
fiom a botanist who wrote in 1718, the bold and profound .system which has
been only granted in these latter days to the persistent efforts of the mos-t in-
trepid of our geologists, Leopold von Buch.

1 may dismiss the other memoirs more briefly. In the second our l talniiit
examines a fossil seed, which he believes to be that of the arbor tristis, (f.tytlnt.'
de I'nlde,) of which marvelling travellers had related that it blossorm at tonight,
and that its flowers fall at daybreak, because they open in the evening and close
in the morning; in the third he considers the horns of Anmvm, which he tak:ls
for the shell of the nautilus; no wide mistake, since these fossils, or, as we now

call them, ammonites, a species wholly lost, were, in fact, ceplalopods mollusks,
closely allied to the nautilus; in the .fourth he treats of adders' eyes and toad-
stones, which, notwithstanding their absnrd names, he rightly recognizes fbr the
teeth of certain fishes, and in one case, with rare precision, for the teeth of the
pogonias; and in the fifth he discusses certain fossil bones, which he properly
refers to the hippopotamus; thus, in the early years of the last century, preseuti:g
some curious attempts, to which their date at least gives an interest, in fields
of inCluiry which have most largely occupied the science of modern times. I
find the same sagacity, and, if I may so term it, precocious curiosity in another
memoir, which has remained unpublished. and which is entitled "On the necessity
of a new arrangement of plants in reference to the foreign ones recently
discorered." The author, in the first place, earnestly deprecates any intention of
interfering with the method of Tournefort. "At the proposal," he says, " of a
new arrangement of plants, there is perhaps no one who will not suppose
that some innovation id contemplated in the method invented by M. de Tourne-
fort, and that it is on the ruins of the work of that illustrious academician that
changes of importance are to be introduced, under pretext of rendering more

easy the study of botany; but we are very far indeed from wishing to interfere
with an arrangement of classes and genera so happily conceived, and which has
united the suffriages of men the most expert in this science. The aim, on the con-
trary, is only to give to that method a new degree of perfection resulting from
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the observations made by sundry botanists during the lapse of nearly fifty
years in different foreign countries; observations which can only be rendered of
advantage to botany by referring them to the place which they would naturally
occupy, and which M.. Tournefort would not have failed to assign them, had he
lived till this day."
The modification, or, to use his own phrase, the new perfection, which Antoine

proposes to introduce into the method of Tournefort, does not in effect intrench
upon the spirit, the essence of that method. It proposes, as he explains, only
to add certain new classes or sections in order conveniently to admit the plants
recently discovered in foreign countries; but lie has done more than he proposed;
for a question of pure method, he substitutes another wholly different and new,
which as yet had no name, and which we now call a question of botanical
geography. lie establishes these three points: first, that our continent has a
multitude of plants which are peculiar to it and which are not found in the new,
and that the new, in turn, has a multitude of others which are not found in the old;
secondly, that the greater part of tlje plants which occur with us arrange them-
selres in classes into which but few foreign ones enter, and conversely; and
thirdly, that in the two continents there are a certain number of plants which
pertain to both, and arrange themselves under common classes. These three
propositions are strictly correct; and to appreciate their merit, it is enough to
remember that at tihe moment when Antoine wrote, the able dissertation of Buffon
on the distinction between the animals of the two continents did not vet exist.*

Strictly speaking. Antoine never occupied himself with method. We see this
in the care witli which le (deprecates an intention of interfering with that of
'l'urniefort ; still more clearly from lis Dicou;rs sur lcs progress de la botanique,
and more than all from the In/roduction a la connaissance des plante.. lie says,
in tile Distours, with reference to Fa;gon, who had called Tournefort to the Jardia
Royal: "For what dancess is not botany indebted to him in tile choice of the
most excellent person who had yet appeared, since lie was skilful enough to
fix the pIriuciples of a science which till then had floated in uncertainty?"
And in the Introduction, " the most perfect of medtods being necessarily that
of which the rules are the most simplet1 and invariable, there is none more distin-
gslisie(l by these characters thani that which teaches us to know plants by their
flowers and tlieir fruits." Now, the method which teaches us to know plants
hy their flowers and fruits is that of 'Tournef)rt; and the whole Introduction of
Aiitoine vie Jussieu is little more than a summary exposition of that method.
Nevertheless, thanks to Vaillant,t lie had already formed more just ideas
respecting the flowers, particularly the stamens, which Tournefort only regarded
as- excretory vessels. " We understand," says Antoine, "by flowers that combina-
tion of parts called stamens and pistils, serving for their multiplication."
A passage in his Di.scours paints, in an artless manner, the pleasure which the

Jardin Royal yields to those wlho frequent it in the pursuit of science: "How
great the satisfaction of being able, within so limited a space, to see at once
whatever, in both the Old and New World, is most curious in the domain of vege-
table nature; to be able in an instant to compare the imperfect state of botany
among the ancients with that which we witness to-day; to have facilities for
recognizing on the spot so many plants which it has been necessary to seek
beyond seas and upon mountain ranges; without trouble to reap the benefit of dis-
coveries which have cost so much suffering and toil to explorers, and to have it
in our power to discriminate at a glance, and in the same parterre, so much of
what constitutes the separate riches of each nation."

* Antoine died in 1758, and the volume of Buffon on the distinct animals of the two cou-
tiuents hi:peared in 1771.

t It is lprjoer to recall that six years before the celebrated Discours of Vaillant, a memoir
had bec u published by Claude Joseph t.offroy, of tin; French Academy, on the Structure and
use of the principal parts of flowers, in which the sexual organs of plants are demonstrated.
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It was Antoine de Jussieu who, in 1720, consigned to the Chevalier Des-
clieux, midshipman, that famous coffee plant which, transported from our con-
servatories to Martinique, has produced all which have been since reared there.
The plant deserved an historian: " Europe," says Antoine, "is indebted for the
culture of this shrub to the care of the Dutch, who brought it from Moka to
Batavia, and from Batavia to the garden of Amsterdam, whence an offset was
conveyed to Marly, presented to the King, and then sent to Paris to the garden
of his Majesty, where we have seen it yield in succession flowers and fruit."*

I proceed, lastly, to notice a memoir by Antoiue of a wholly different kind from
thoee which precede, and in which, by a fortunate and brief excursion beyond
the domain of strict science, he retraces for us historically the origin of the
collection of vellums belonging to the Jardin des Plantes. The memoir is enti-
tled: " A history of the facts which have occasioned and perfected the assemblage
of paintings of plants and animals on sheets of vellum, preserved in the Bibli-
otkheque du Ri."
* * * 0 0 * * *

This inestimable collection, begun in 1650 by Gaston of Orleans, and continued
by Louis XIV, Louis XV, and Louis XVI, was at the latter date composed of
sixty-four volumes or portfolios. At this day it comprises nearly a hundred,
and it should be added that its scope has been greatly extended. No longer con-
fine 1 to plants and a few birds, it embraces all the classes of the animal kingdom;
to zoology it has added comparative anatomy and physiology; and to the two
living kingdoms, the inorganic: geology, mineralogy, and crystallography.

It has been seen how active was the life of Antoine de Jussieu, and how
varied were the subjects with whiclihe was occupied. Unprovided with fortune,
he had been obliged to devote nearly all his time to the practice of medicine,
in which he attained great eminence. Had lie been enabled to place his active
intelligence and ardent curiosity wholly at the service of science, much might
have been expected from him. But while the labors which I have recited suffice
for the illustration ofhis name, his best title to acknowledgment will be always that
of having introduced into botany his brother Bernard, who for forty years was the
companion of his life. " They journeyed and studied together", says their
nephew, M. Adrien de Jussieu, and the younger profited by the situation of his
brother to give himself wholly to natural science. Both being unmarried, they
lived together in fraternal union, which on the part of Bernard might have been
characterized as truly filial. The disposition of which they thus set the exam-
ple, remarkable in itself, seemed innate in this family; paternal protection on the
part of the elder; tenderness, respect, and confidence on the part of the younger;
community of principles, of sentiments, often of studies, almost always of goods;
a union of interests and affection rarely paralleled, at least in modern times.
In a like spirit Joseph, the youngest,t came at a later period to join his two
brothers, for whom he preserved the same deference, the same devotion."
* 0 0 0 0* Sa

* Histoire du cafe, (Memoires de I'Acad. des Sciences, 1713, page 2'2, edition 1716.) The
following, from this memoir, is a new proof of what I have remarked elsewhere, touching
the law imposed upon our Academy, from its origin, of asserting nothing except on the direct
observation of nature: " As the authority of authors who have not seen the objects is not
decisive in point of natural history, and our Academy can only establish its progress on a
scrupulous examination of nature itself, on verified iacts and exact experiments, wo may
regard as imperfect the descriptions of the coffee plant which have appeared heretofore, since
we have been enab';d to make one from the tree itself now in the royal garden."

t This brother was also a botanist of distinction, and accompanied, in that capacity, the
scientific commission sent by the Academy to P. ru to measure a degree of the meridian at
the equator. " His curiosity," says M. Flourens., " held him captive for many years in
those regions so rich and unexplored, whero he often joined the labors of the engineer with
those of the botanist. To him Europe owes several new plants, the heliotrope, cierge d,
Perou, &c., with many curious and then unknown species. Condorcet remarks that, by a
singular chance, he was an academician for thirty-six years, without having ever appeared at
the Academy."
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BERNARD DB JUSSIEU.

§ 1.--Hi youth.
This first founder of the natural method, whose name is so well known, whose

personal history so little, was born at Lyon, 17th August. 1699. Ilia youth
seems to have passed without indications denoting any special taste or aptitude,
much less superiority. Having pursued his early duties at the jesuits' college
in Lyon, and completed that of rhetoric, his brother Antoine invited him to I'arid,
in 1714, that he might there finish his course of philosophy.
To be left to meditate in tranquillity was then the whole ambition of the

young philosopher. But Antoine having, in 1716, projected a visit to the ,outh-
ern provinces of France, and thence to Spain and Portugal, took Bernard with
him as a comp:.nion. It was during this excursion, and especially during his
exploration of the Lyonnais and Saint Chaumont, that Antoine made Lis valua-
ble observations on natural history,. "His young brother," as their nephew
Laurent tells us, " was then acquainted with but few plants, and had no decided
tastc for botany; the plants which he met with were examined, however, with so
much attention that lie never forgot them; and. at a greatly advanced age, still
perfectly recollected the places where he had gathered them."
* * * * * * * S

In 1722 Antoine procured him the appointment of sub-demonstrator to the
ch;ir of botany at the Jardin Royal, and unequal as the position m;ghlt appear
to his merit and subsequent reputation, lie could never be prevailed upon to
relinquish it; nor, with the exception of two short trips to England, did lie again
quit the environs of Paris. *

In the mean time he had become a licentiate in medicine, in 1724, and in 1726,
at the instance of Antoine, was enrolled as doctor in the medical facility of Paris.
"The functions of Bernard at the Jardin Royal," as Laurcnt informs us,

"consisted in directing the cultivation of plants, and in conducting in the country
the herborizations of pupils who attended the courses. He also sutirintended the
gardener., and would relinquish to none the gathering of seeds, &c. Nor can
we omit to notice his unalterable patience in the study of plants which ihe sedu-
lously watched under all the forms they assume at the different stag(ce of their
growth." Tournefort hlad published, in 1698, a ' History of the Plants in the
Environs of Paris," and this work being out of print, Bernard gave, in 1725, a
new edition, enriched with notes. Tlhe first of August, of the same year, the
Academy of Sciences admitted him to membership.

I have already said that the two brothers lived together, and were unmarried.
In this intimate union Bernard was indefatigable in the use of means tor sec-
onding Antoine. Ile foresaw and prepared everything for his lectures. When
the care of the sick necessitated the absence of Antoine, on Bernard devolved
tlhe rception of their common friends, and however retiring his nature, he dis-
charged this duty in such a manner that the fraternal mansion became the centre
of a cheerful, as well as learned, society, where everything new in botany and
natural history was unaffectedly discussed.

§ 2.-Correspondence of Bernard de Jusiru and Linneaus.
From the mutual letters of Bernard de Jussieu and Linnacust we are enabled

to form an idea of the singular contrast which existed between the two, united,
' Liarent rnmeembered having heard hilm relate that on one of those occasiiuliede broughthack with him from London, in his hat, a pot containing two plants of the cedar of Lebanon,

which had not, as yet, been seen in France. One of these two cedars forms, at this
day, a distinguished ornament of our Jardin des Plantes.

t Itpistolc Caroli a Linad ad Bernardumn de Jussieu inedita, et mutua Bernardi ad Linarumn:
currant. Adriano de Jussicu. (EzLntis Acad. Art. et. Scient. Americ., t. v., .er. nov. Canta-
brigio, Nov. Ang., 1'x'4.) Most of the Leitres of Bernard had been published by Smith, but
translated into English. 31. Alrien dte Jussieu lha given thum in latin, the language iu
wLich they were written, and interspersed them with those of LiunaUs.
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as tlh-y were, by a passion for study, and the same study; the one all entla.
siasm and unreserve, of an activity intca'pable of restraint; the other always self.
collected alnd calm, of an inertia almost insuperable. "'lhese two celebrated
men," says Vicq d'Azyr, " of whom each was the only rival whom the other
could fear, were aesseociated in many herborizations. ''he impatience of M. Liu.
uiills, who never asserted anything without warmth, opposed to the silnplicity
and composure of M. Bernard ld Juieaicu, who looked on every phase of nature
with a regard of equal satisfaction, could not fail to present a very surprisin,
contrast." (Elogc de Linne.) This contrast is manifest evCol in the numerical
proportion of the letters. Of the twenty-eight of which the corrc.,'ponldece con.
sists, one is from Antoine, nine from 1Bernard, and all the rest from liiunamus.
From hlisrirrcpressiblciuclil-tion to learn from every one, ls well as to corntunti.
cate intfobtnnation to others, Linnmlus had( the pen constantly in hand. "* Assu-
redly,"'li says to thte Abbd l)nvernoy, " if I Ilad ten hands they would scarcely
lultice to aH!i;svr all tlhe letters I receive; and if you were to see me at this work
you would think that. I (lid nothing but write and waited therein both money
;inld ltim(e. " "If 1 Iad a nmany handss" hie writes to ,Jac(liill, " as the famous
(hilnese idol, I would still inot have enough for all the ainsHwers I have to give.
It is certain that I alone write more letters every year than all the other profls-
s1ot of th(e university together." Accordingly, while we have several volumes
of the correspondence of linnmus, tas regards Bernard there can be no question
excelt. of ;single and scanty letters. It had required ail the heat of Liunamus
to melt tile ice of Bernard, but this clommunicateld heat cold not subsist. Of
the last twelve letters of tela collection there is buit one from Bernard. Limu:ets
gr:w w;eary, :at last, of so inert a correspondent, and directed his epistolary
ardor to otlieer quarters.
The cI)rrespon)ldence commences in 1736, and terminates in 1763, thus em-

bracing a period of twenty-seven years. It opens wiIh a letter fronm Antoine de
Jlusfi(I to TllUl:nluu, but evidently onlyanyanswer, for Antoine mentions therein
the "l I'la;t'of ltl)plaind" as a work [itinnlmiu hiaIl pIromited to transmit, and
t4 Which is eagerly expected in l'aris otn a:count of the early departure of our
academlicianrls for those frozen regions " It was, in effect, at this time that, with
a view to a more precise measurementof tlie figure of tlhecarth, oBougierl, Godin,
and La ConJl;lmine vwere proceeding to Peru, and Olairault, (Janim,, Lemonuiier.
and MaupertiulS to Laplatnd.

'T'e second letter is from Jinnetis to Bernard. lie had learned that An-
toine had devoted himself with.l great siuecCs to the practice of medicine, and
is unwilling to trespass upoa time so unefuilly employed. lie therefore addresses
himself tto Bernard, as being more at leisure, and consequently more disposed to
write. (1Iow little did lie know of Bernard.) Linnxais sends him his " Critica
Botanica,"land solicits his opinion on it: " I send you," lie says, "my Critict,
a work written in a crude and uncoutth style. I have been constrained to pub-
lish it almost without (levoting to it a single moment, my whole time being oc-

culpied by Imy IIorlus COli/brtianus, which I propose to publish towards the end
of the year." IBernard iepllies : ' I have received your two letters, iand your
Critical Botanicna," nor is there a word more respecting a book, which, by re-

forming thei entire nomenclature of botany, substituted ,innsl:t for all other
terminologists, and naturally aroused tile jealous susceptibiliti es of all scientific
cotellJporaries. The fourth letter of the collection i;s again from Iinulilus, and
in this lie announces himself as about to depart for Paris, where lhe arrived soon
after, (in 1738.)

Liniueusi was then aged thirty-one, having been born in 1707, the same year
with lBufon, and, for three years, had !been travelling in quest, if I may say so,
of scientific adventures, having left home with a `few crowns in Ils pocket, a pas-
aiOn f'or knowledge, anil hope. From Sweden he had gone into Holland, first
to Amsterdam, then to Leyden, and finally to Hartecamp. Iis resources be-
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coming exhatusted, IIartecamp opened for him new ones ; be there found in George
Cliflort, celebrated for lhis taste for natural history, a generous friend. It was in
tle cabinet, the. garden, the library of Cliffort, that lie wrote the following ad-
mirable works; Th'le St'tem Naturat, the F'undamcnta Botanica, the Bibliothrca
Bulunica, the Genera Plantarun, the Classes Plantarum, &c., and that other
book, by no Inmanis to be tbrgotten, the HIortus C/lifortianus, a touching testimonial
of the gratitude of a man of genius towards one of worth. In 1736 Linnaeus made
a short excursion into England, and two years afterward passed into France.
At the time of his arrival, Tournefort anl Vaillant were no more, and the

two Jussieuls held the sceptre of botauy. lie presented himself to Antoine,
withl a letter from Van Royen, a learned prolfssor of ,cyden, who sai( of him:
"Thle bearer i.s Charles Linnaus, wbhom i would clieer'illly name the prince oj
botany, i' I acknowledged one."
* # * * * * t *

'l'he Jlssieus received Linn.lus as rVan Royen ladl hoped they would; and
during the mIonth lie remained at Paris lie was constantly with tlem, especially
with Bernard, who placed himself unreservedlly at hii disposal. In announcing
his projected visit, in tlhe fourth letter, Linmutis had given the most lively and
ingenuoll(us expre.ssioli to his hopes: 1" Happy shall I be if you grant me your friend-
elhi; it' I shall be allowed to see your plants and those of 'Pournefort; if, through
you, I can make some progress in a study for which an ardent thirst consumed me.
Ilitherto I hatv received the kindness of all t(he botanists I have met with, and I
tiiust that you will not he more difficult." These hopes were not di3sapl)ointe(d. To

fornl an idea of tihe cordial union then cemented between these two individuals, it is
(olly necessary to pass from the letter, in whicl Linnaeus announces his(departure
for Paris, to that which communicates his return to Stockholm-from the letter of
hope to tile letter of acknowledgment : " I live in the recollection of your kind-
Ilases, of your house, your table so liberally offered to me, your days which were
anl at my disposal, your garden, your herbariums, to which I had unrestricted access.
I relullled( in safety to my own country, and fixed my residence at Stockholm, at
first unknown to almost every one; soon afterwards I entered upon the practice of
medicine, and witl success; 1 lave beenrecently appointed physician in ordinary
to dlie marine; lastly, I have taken a wife, a friend long land ardently coveted, and,
if I may say so between ourselves, sufficiently rich, so that I am leading at present
a contented and tranquil life."

]'roceeding with the correspondence, I pass by a letter of Linnamls which
mentions nothing new but the foundation of the Royal Academy of Sciences of
Stockholm, in 1739, and arrive at a letter of B1ernard; this time, a rcal letter,
f;)r the former was but a note: "I discovered," lie sayo to Linnatus, "dduring last
isulmmer the flowers and entire fructification of the Pill/aria, and have published
a Memoir uponi it in the acts of our Academy. This year I shall add a historyiof tile I'mmna ef Theoplrastus, a plant allied to the Pilularia, but differing from
it sunticiently to form a distinct species."

lin the memoir on the Pilu/aia,* I remark a passage which could scarcely
l*J'rniard can, in strictness, be scarcely regarded tlS a writer. At mIost, lie iH left in the vo!-

unims; * oltr Actdemyblt tlirvo very short Iinemi1oirs on botany, ono Oil thle Lemma,aliot her on
the I'ilularia, a third onlthe plantain, besides a zoological Imienoir, not of greater length, oil tle
poi!Ip/,'. 'lie tllowiig i)i iCftialys8i of the three lbtancll memoirs is presiCited by LiurCent;

"Th'i fir't memoir (1739) gives at description ot tle Pilindaria, a plant before but litt!tknown. IJ shows Itherein tlhesexual organs, which lhad not then been discovered, anld proves,by their amalogy with those of tIhe ferns, that it is of the suame family. The stamens espcci.aliy are des;(riba d witi ctare, Is well as thle form of tlhir pollen, and the i)heniomena wlhiic
tleiypIrsenit in tlie water, seen with the microscope. Ilo compares them with tlhoso lie had
obsh.lrved in the pollen of other plants submitted to tile samne examination. Played on water,he says, tlhey presently eject, by a small rent which tlars place It a point of their capsule, ajetof liquid oroilrit mater, ath ich remains in the water without mixing with it, u7nd in small glolbulesojietreme tenuity. These grains of pollen, swelling in the fluid like small resicles, have an
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have been written at tlat time by ally other thln the destined founder of the
natural method: " My object," lie aye, " is not to demonstrate in litii place the
preference of one method over another; I only propose in the present memoir
to compose tile history of a Fingllar plant of tlhe environs of Paris, and. if I have
joined with this history, by way of digression, some observations which might
seem foreign to it, it is because I have thoughtthem necessary for the perfect-
ing of the method." " The character of a plant," lie continues, " is what distin.
guises it from all those which bear some relation to it; and this character, by
the established laws of botany, should be formed from an examination of tle
parts which compose the flower. We call that an incomplete character, or with
M. Linn.eus an artificial character, in which are described only some parts of
the plant, while silence is observed respecting other parts which, according to
tlhe method one follows, are assumed to be unessential ; whereas we understand
by the natural character, that in which all the parts of the flower are designated,
and their number, theirJfgure, and theirroporlion aire considered."
This being premise(l, Berlnard proceeds to inqluire to what place in the botani.

cal field tlie plant which he is studying should be assigned, following first the
method of Tournefort, and then that of LinnLtus, and lie very correctly decides
that the generic characters proposed by linnmucs are better than those of Tourne-
fort. "This character," he says, (that, namely, derived from the method of
Tournefort,) "is incomplete, for it does not express all that is necessary to be
remarked in the flower of thle Pilularia, and itii notpossible, from euch a
character, to give to this plant, place which will suit it in the classes of several
botanical methods. The mode in which M. Linnmulll establishes tlhe natural
character of plants, in his book entitled Genera Plantarzun, (loes afford this
advantage; it is more exact, and appears to me to deserve some pr(fircue:."*
From those last, words we feel that Bernarld already has a glimpse of something
preferable to the process of Linimull ;t and, in efl'ect, when lie shall have suflt
ficiently matured his ideas, lie will not stop, as lie does here, witll considering
together and on the name fooling all the circurnmsances-numbtr, situation,
figure, proportion; he will s(ee that they have not all tle same siguification, the
same constancy, the same weight, and lie will fund the natural method on the
decisive principle of tle relative importance of the character.

Quitting tle memoir, I return to tlhe letters and find there, at nearly every
step, proofs of the profound attentilln with which Bernard applied his mlind,
from this time, to tlle search for tlhe natural method. Iilnmieus makes an

almost spontantous Imovetcent, or inmortminet of attraction, and after the rent or c.tpulsion ojthl
liquid, tIhey rtminailalcid and at rest."

Iln 174(, M. lde .itissicil prCesenteld ailemoiroo the Lemma, a phlut known to the ancients,
but in whliclh lowors had never been observed. lie showed that the small bodies situated at
tihe base, iand similar, in stone respects, to those of the Pilularia, contain statmns and pistils.
Ho describes both with the saiti( exitllcttes, observes tile samie l)henomitena ill the pollen of
the stamens, and draws the same conisequlleccs, assigning the Lemman to tlhe fimlily of
lilnH, in proxinlity to tile Pilultria."
"The lmelmoir presented in 171;2 on a species of plantain which ;has but ono flower at the

extremity of eachl stalk, is also very interesting. 'The aut hor shows, in this lpllnt, two
characters bleforc unknown: tlhe one, drawn from the absenceof their pistil in this a))arent
flower, which is male; the other, from the existence of several felimale flowers, hidden in the
axilhe oft leleaves, alt the base of each stalk of mlln l lowerss"

"1In order to oimrit nothing of the little written by Bernard, we cite, in tile Inst placc, his
memoir of 1747, on the effects of the Eau die Luce (at mixture of volatile alkili and oil of yellow
amber) uaiinst the bite of vipers. '1 lavilng made repeated proofs of it," sar-s Laurent, and
being weltv convinced of the eflicacy ot this substance, he a:lw\ays carriedt l }lak of it wilh
him in his herborizations."-( Nortes manuscrites sur Bernard.)

* Mnmoires de I'Academic des Sciences, 17:'..
t WNe feel it also from these other words: "'lThere can bo no embarrassment in giving to

the Pilularia in the arrangement of plllnts, a place which will suit it, fromt its limanuer of
vegetating. As, in the natural method, thie monocotyledons shoulll frmn tme iist general
division of Iphdllts, we will place it there, andl, if there is any class into whiich it can enter, it
appears to ie to be that of the tcrus." (Merm. de I'Acad. des Sc,, 1739.)
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inquiry respecting his projected publication of the Plantes of Plumier.* In reply
Blernard says: " ''he Plantes have not yet appeared, and will not appear before
1 have succeeded in arranging them in an order conl'ormable to the natural
method, or at least approximating to that method." Ini the following letter lie
felicitates Linnius on his nomination to the chair of botany at Upsal. " I have
received this news," he pays, " with great joy, for, devoted as you are to the study
of plants, your new position will give you new means of ascertaniing that natural
method which is tlie hope and desire of all botanists " What we have been
reading above was written by Bernard from 1739 to 1742, and it was not until
ne11fily tWenty years later, in 1759, that lie ventured to make, in thie garden of
Trianon, tlihe fir't experimental trial of his ideas.

Thie memoir on tlhe polyps exhibits Bernard under anothera spect;-bhrrcvvals
to us, il this remarkable study, that singular sagacity which seemed instinctively
to guide him to the truth in everything.t Nothing had more interested the
naturanlists of' the XVIII century, and nothing was better calculated to (do so,
tlihn tile experiments of Trembley oil tlie yolype, that animal which is repro-
duced from a slip like a plant. which may be turned inside out like the finger of
a glove, and every- portion of which when cut off becomes a separate and entire
animal. The polypev of' Trembley's experiments were those of fresh water; tlhe
pol!/lcs of Bernard are those of the sea, animals not less surprising than tlie'
foibmner, having equally the property of reproduction fi'om a slip, like plants;.
composite, multiple animals, of which several live united together by a common
trunk, having a common sensibility, a common movement and even a common
nutrition, for what is eaten by one nourishes and suffices for all.
These, animals had long been takecj for plants ; they were called marine plants ;

it was even thought that tlie flower had been discovered, and the author of the
discovery, Marsighi, had become famous. 1Peyssonnel was the first who, ill tihe
pretennded flowerof the coral, had the sagacity to recognize, in 1727, a real animal,.
tlhe coralline animal, as lie called it, the polype j thecoral, as wesmay-;at present;
a fact which then appeared so strange that Reaumur, charged with thlieduiy of
lllllleingl it to te Academy, did not ventullre to nalme. tlhe author. "The esteem,
said lihe at a later period, " which I felt for M. Peyssonnel made me avoid naminghim as thle author of an opinion which could not ftail to appear incredible."
Bernard wrote to Liunmnus: "have madeoame excursions, and, last autumn,

traversed thle coasts of Normandy, where I discovered ilhings of no little novelty,
and you will wonder, some day, to see how much tlhe animal kingdom is enriched."'
In hiis memoir he says: "T'l'le diversity of opinions oni tile nalmre of the marine
phua/s, so far from satisfying a botanist, has seemed to me only the mlore capablle
ofestimulating his curiosity, and I acknowledge that mine has been excited bythlie desire of making some researches on this subject." lie repairs therefore to
the sea-coast, repeats the observations of' Peyssonnel, finds them at all points
exact, and, at his return to Paris, hastens to announce this to the Academy.
Thereupon tlie question was considered to be decided, and a whole class of beings

iiw1'e`B]eriaIrd's time, thle Iimiseim hlits received severnil manuscripts ofI'lumier, and in a
n:fir siinguiilar imainter. '' Plmnicr had lei a lurge niliumber of rimascripts, soneic of' greatvah-lmi, bit his ImonLstic bretllrenl, among whom Iherte was neither botanist nor naturalist,held them in very little estimation. At lthe epoch of the revolution, when the convents were
visited ailid the librlrie:4 ottofe ilioliks c'tnlied off, .Saoll' of' Ithpese lmInllscripts were found which
had slrv'ed for fire-screens. M. Liaurent (de ,Jusieru had thetii carried to timh ,Jtirdin du Ioi,and deposited in the library. (Cuvier: Itcons sur I'llislnire ires &incnrusAnturtllcs,.)t in proof of this "t ingular sagacity," we are told thatli "BIn'iard dc ,Jussieu's scholars
used to bini-g him flowei-rs wlhiclh they ;had mutiflated or toitpoiiittidcd with others, fr tl pur-p(se ofott('i ugJ iis knowledge, aid lie alwa's r'ecognizied them itimediatiRly. Some of (hemlotvii diitll( lie uniie experiment t o0 Liina'ris, lie. si(, ' OM or your teacher (Jussiciu) aiin
aolie answeryour- questions.'" Cnuvier', in a l)iograplhicitl memoir on lRichard!,cills Ie'nai!d

theI most, mihodti ainld perhaps tlihe most profound hottauist of l.mocrighteenth cenituiiy, who,altli,,tugh hie has scarcely 1iullishedanything, is, nevertheless, thle inspiring genius of modern
butanists. "--( Encyc. A merican., )--T'lR.

17 S
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passed from one kingdom of nature into another. Reaumur, in turn, regretting
the wrong which he might possibly have done to Peyssonnel by his silence, gave
utterance to these generous expressions: " 'ile attention which M. Pe)ysonnel
had brought to his observations ought to have convinced me sooner that these
flowers, witl which M. Marsigli had endowed the different productions just
spoken of; were in reality minute animals."*

lThe tenor of all the letters written by Bernard to Linnimus, or by tlhe latter
to tlhe former, is the communication andl discussion of novelties like these.
"Thelsel thiln,".ays Bernard ingenuously to linnall us, ' constitute your delight
and mine: IocT res sunt t uce, Slnt mef(ed'(licihe." At one time it is Lint111u.s who
consults Bernard on some dilltcity with which lie is occupied. \Vhat is the
Peloria, that species of metamnorphosis which transforms certain flowers, the
flowers of tlhe Linaria, for example, from irregular flowers, as they usually are,
into regular ones ? Must this be considered a monstros.ity " That," replies
Bernard, "is what the seeds sown cannot fail to teach us." Nor was Ih mis-n
taken; the Pcloria is reprolduedl by the slip, and is not reproduced by the
seeds. Every one now knows with how new a light the admirable theory of
M. De Candolle on the primal symmetry of beings,t has elucidated this
phenomenon, which, on examination, laslbeen fiun'I much more general than
was at first supposedd$ tile Pc/oria is the primitive andi regular type of the
irregular flowers. At another time, it is Bernard wlh announces to Linnteus
some new miracle of science : Sed quid rmorort? E lc(ccnoia pandunltu, orbi
lilterario miracula. It chances, however, il this instance to be a filse miracle;
the m:ntter in question being the animalcules whiiclh Butlln thought lie had dis-
covered in the li(jiui(l of f'eales, and which (1o Iot exist there.§

For another trait of Litnilmis, we may cite tile friendly warmth with whicl
lie everywhere speaks of Bernard; going so far at one time as to say "tlat he
loves him more than any one else, with the single exception of his wift."
* * * * * * * *

The true key, indeed, to everything in Linneiis, is to be found in tile inexlhaust.
ible find of his geniality and goodness of heart. 'Thlus, how touchinglly (ldes he
speak in his letters of his pupils; calli;lg Kaln, KClnuts nosler; Ilasselquist,
his dearest disciple. We cannot wonder at the aflection which they in tlrn all
vowed to him. They might be said to have constituted a body of apostles
intent on carrying his doctrines everywhere, and bringing back to him nlew
subjects of study; with this view, Kalm betook himself to North America,
Forskal to Arabia, lhasselquist to Egypt, Toren to the Indies, Osbeck to Clina,
Tllhlberg to Japan, Sparrman to the South seas, &c. Through his disciples
the world, in some soft, pertained to him. On the other hand, if kindliness is the
characteristic of Linnalms, modesty is tle quality wlicl attracts us in BerLnard.II
·Of this Linnauisis especially sensible, and Bernard is the only botanist against
whom the former lias not launched some haft of petulant impatience. Well,
indeede, might ihe be considerate of that signal disinterestedness and silence which
left him the seu-urc possession ot a supremacy which Bernard alone could have
disputed with him.

Ue.pCeeltiln the whole history of the coral animal see tlieamlysis of tile manuscripts of
Peyssomiel, whlich I inserted in tihe Journal des Savants ;)r 163r:.

t Sule tlh Memoir of D) Candolle, Smiitlisoiman RIeplort for e59'J.
t inimeus had at first observed it onliy in the Litia.i arcrensis ; it has been observed sin,:c

in several other plants. of diflertent species.
.See, in tile lotes of the edition which I have given of Buffon's works, the causes of title

error.
;I Nothing, lis nephew Laurent tells us, was more familiar to hinilnaln the answer: je. n

.s'lt pas (l do not know.) Jean Jacques, who haid l1etucome an entlhisias? in blotny, senft to

,-ik ofl'him whiut method hle11shld follow. ' None," replied lh, rard; " let himllStudy jpttlits
inlli o order in which nature others thellI to llim. It is impolllsil:O that a Illlm of' such geuilt
shouldd occuIpy himself witl botauy alnd Ilt teach ItS somethingg"
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The last letter of Linncmus bears the date of March 1, 17(63. HIe had just
been named one of tie eight foreign associates ot' our Academy, and says: " )f
all the academic titles I have received, none has flattered me so much as tlii.,
with which I alone, of all my countrymen, have as yet been invested." On
3Bernard's part the correspondence had stopped much sooner; his last letter
bears tile date of 1751; a subject of no little regret, for it was towards( this
period that lie made, at Trianon, the first trial of his natural orders. Ie would,
without dloubt, have said something to Linnwus on the subject, and however
brief his communication, it would now be of much interest.

§3.-On Bernard ie Jussieu's motle of obser ing in botany.
It is my good fortune, due to tlhe kindness of Dr. Tessereau,* to be now able

to add to the memorials already col.sid(lred sixi.tccn letters of Bernard ; a number
which, after what has been said(, would seem almost incredible. But the explana-
tion is not difficult : between Bernard and a certain M. Artur, a member of thre
higherr council of Cayenne, to whom the letters are addressed, there runs,
throughout the correspondence, an incessant exchange of reciprocal solicitations.
Artur constantly urges Bernard to procure an increase of his appointment, which
seems to have been scanty, and Bernard, as ceaselessly, presses Artur to send him
pilanits and other objects of natural history. In an early part of the correspond-
enice Bernard, under date of l)ecember, 1736, writes as follows: " You know
that the seeds of all the plantsof the colony interest us; I hope that you will begood
enough to collect them for us, as time and ol)ortuiity permit. Pray do not mieg-
lect to send us roots of the simarouba, as well as branches charged with leaves
anl dried between paper, and the ripe fruit of that shrub ; skilfuil as you are in
drawing, you might sketch for us tihe flower it bears; and you. are highly com-
petent to give its description, with that also of tile pareira brava, the ipecacuanhla.
and other plants recommended by their virtues in medicine or use ill the arts."
Apparently Bernard's estimate of Artur's competency must have undergone

omen modification, for in tile fifth letter lie takes the trouble to compose for his
guidance a very brief and yet complete treatise of elementary botany, taking
care, at the same time, to spare, as far as possible, the sensitiveness of his cor-
respondent.

Exactness, il the description of all tle parts which constitute flowers, be-
comes," lie says, " more aniil more necessary For the perfection of the metlod
which arranges plants ill classes, and distinguishes ssentially each species; we
should not adhere solely to tihe form of the petal.-, and the part which, il tihe
flower, changes into fruit; it is necessary .o particularize tlie figure of tlhe calyx.
it. composition, tile difflerent figure of' tlie petals, tlie part they occupy, their
number, their division, tile number of tlie stamnns ; whether they stand alone
and distinct, or whether, united in several bodies or a single one, they spring
fiom the sides of a calyx or a petal. 'l'he pistils are somnetimel single and some-
times- many in tile same flower; and there are three parts to be considered in
them, the lower, which is the ovary, tile middle, which is tihe style, and the upper
and last, whicl is tile stigma.."
Everything in this little treatise is worthy of remark, for, in indicating to M.

Artur the mode of observing, Bernard, at tiletsame time, indicates tile scrupulous,
attentive, and complete manner (and for the first tHime complete in botany) prac-
ticed by himself. I think it proper, therefore, to reproduce tile wlole letter:
"These parts are not always found in tlhe order in whicl I mark them ; in that

case, great attention is to be paid in observing tlie fact,; these parts, too, are often
mnult;ple-that is to say, there are several ovaries, several styles, and several
sti'mr;as; again, their figure, situation, porportion, vary, and all this requires de-
tails; finally, the ovary becomes tie fruit, either naked or enveloped, simple and

" An eminent physician and autlior of' valuable treaties on hygiene.
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containing but one seed, or composite and divided into different loculamnets, and
thile s'(edsi have their al)ppropriate form.

" There ar, besides these particulars, bodies which are met with in the flowers,
either on the petals, or simply adherent to these petals. to the calicos, to the base of
th.e etubryons of thl(e ovaries, where they appear as tilbe: cles, cornets, ornamental
l,.aves, or narrow strips. As they serve to secrete, in the interior of' the
flowers, a juice or hIoneyed liquid, modern botanists have given them thlie name of
nfcc/ari,'/m; it is important to remark, in any flowers, whether this body exists,
what part it occuplies, and what is its confomn:ation You well know that in
plants some are hIe(-rlmaplhrodites ; others bear only flowers with stamens, and are
in;alcs; others, winch are females, have only pistils; there aree some which, on

the same stalk, are ftirnished, at different places, with distinct male and tfemale
flowers ; we see what it is proper to observe, and also what is wanting in the char-
acters which have been established in the methlods we )ossess resplecting plants.
If you have time to labor mnore at botany, you will (1do well to verify all that
may suggest itsellt' to you in reference to the principles I have above indicated;
you will not only find in tlie occupation : source of pleasure, but will be enabled
by your researhcites to correct, reform, and authenticate more particularly what-
ever information is attainable respectiig thel plants of the colony of Cayenne.,
In adapting your phraseoldogy to the plants which you shall arrange according
to species., (to not make use of colnparisons, but express, in few words, thle specific
mark which you perceive iln a species, which serves to distinguish it from those
you already know ; if you know but oneon f the species, it is useless to bestow
upon it other phrases than the name it bears or which you may assign it, for we

hliould nbt distinguish a species whicli is unicique; this would be to distinguish
tlie known from tilie unknown, and tlie consequence is obvious. I write ill haste,
and may have failed to explain myself clearly ; have the goodness to supply
what is wanting, by omitting no circumstance of what you see in thle plants you
wivh to described ; be ol your guard respcting thle v; rieties which cultivation or

a difference of so,il may present ; these should be left to the amateurs of flowers
and fruits. Adien, my (lar colleague"*

§ 4.-Thre catfalogue of Trianon.
The papers which contain this valuable memorial, the first foundation of' thl

natural method, are inscribed wit h this title : Order established by 11. Bernard de
Jua.sieufor t/,cpants in the garden of Trianon, int 1759 ; with a notification by
Laurent, il)mporting that "from this catalogue, written by his own hand, was

copied that printed in the GeCnera P/antarum.''
In this catalogue of rlS'ia on, everything *i reduced to a list of names ; but

tlwse names are. arranged in a determinate order, and that happily-conceived
order lhas beenI found to contain the key of thle natural method. Liniteus also
had, before Bernard, given in his Classes 1lantarum (1738) a series of nanmrs,
fragments, as lie expresses it, fItIre natural met/od-Fralgmenta naturalls
met/hodi. How comes it, then, that tihe names of Linuteus have produced nothing,
and that those of' Bernard iave produced the method ? Simply because Lin-
nteus failed to discover tlihe true order, while Bernard discovered and disclosed it.

"' o tints letter attention is dIe, as imilortnt in the history of Bernard's progress towards
their natural nutlhed. It wais necessary to commence byetstiihlishiing tile complete enumner.ltion
of thle characters, before proceeding to their appreciation, their relative valuation, the great
principle of the $sfiordintutiion o charrcrters. This letter is of' 17:3, the catialuguc of Trir.ion
of 175.). Bernarddoes not hurryhim.sell, but lie is always advancing.

t To this M. Adrien di ,Jussiiel hlis sulbjoindtilhefollowing : "T[he catalogue printed ill
the Genera plaintaruim diltiers from it in .some points: in tlie suppressionl of cituitiois ainid
svnoyiiyms, tlie iniiercailiontiin of' certain species written ill general by tihe Indl of A. L. dle
,uissicita, tilf olissioni of ntimiitie ill sonie fitiiiilies, antd even ti' (division of' some of' them. The
nriraiiment of all tlie hypo.gyinou miiiopetalvete is here ditlrent, another mllnl ript, of tile
date of 1765, having beenft'llowed in the printed copy, in relation to this group alone."
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Not a few botanists have attempted, as well since tire death of ,innlaeus as

during llis life, to discover Ilie key of his Inamcs, tile hidden principle of' his order,
but none lhas succeeded. Giseke, one of his pupils, ;hd maintained at Gottilgen,
in 1767, a thesis onttile Ncir systc!mso botany, (Ssl!/.':1Nata p/lntartm. recentiora.)
and, in reference to tlie natural orders of Linlnus, had said: " Linmteus has
written a series of names, but nothing more; no character, no description ; a
geiiluine enigma, almost impossible to divine; one knows not why such a plant,
is placed liere, another there, Inor whllt reason has prevailed with tle author fr.
uniting or separating them." After some hesitation lie sent his thesis to Lin-
n:tus, whlo answered him w itl his usual good-llature: * You a.-k of mIe the char-actersl of my orders, and I confess hllat I cannot give tlem."

* 4 S * * *

IhBrnard would not have spoken thus lightly of Iiis orders, and would not have
chal;lged the arranglmt1enlt lh had given themtfr anllother, and this because he
possessed tile key, tlhe reason, thle ascertained principle of that admirable arrange-
ment-a principle which, after having carried thle natural method into botany,
las carried it into zoology, and will carry it everywhere; alprinlcilple whlliclh i
today8o universally recognized under tile nalle o the principle of the subordi-
mzation of characters ' InI examining characters,'" says Laurent de Junssieu in
speaking of' Bernard. " that botanist bad remarked that some were more general
thanl others, and ought to fulrnish tlie first divisions. Afte1 r having applreeiated
tliem successively, lie had recognized thatt1e germination (oftile seeldand the
reIspective arl';tilrgemnt of tlie 'sexIal organs were tlhe tw\olp'inipal andimost
invariable. lie adopt ed tiheli,anld made them tlie basis of' tile arrangelmenlt Nwhich
lieestablished at Trianon inl 17-59."
There is, in effect, a visible succession, a visible subordination of the organs.

and consequently of' tle characters. In plants, tihe iirst rank pertains to the
embryo, tlie endl and purllose of' vegetation, as (lestiiled 'o preserve the life of
thle species ; the second, to the organs whliich concur ill theft;rmation of that
cmbryo-tliat is to say, to tlie stamens and pis)ti-l-llt taken tCogetherlandl con-
.-id(l(ir in their recipliocal relaQtons ; thitei cnet he organs which protect these
orthlle other parts of the flower, of' tlie fruit, of tle nseed; then the secondary
modifications of tile essential organs tlhellselves, considered separately; and then
the organs of' vegetation, which contribute only to tlie individual life. Before 3er-
iard tlie characters wereY enumerated; since hisi time, tlley are appreciated; we

ktiiw, since then, that they have unequal values, tllat a characelr of the first rank
is (equivalent to several of tle second, onie of' these to several of teti third, &e.
Neither Toliurefort,lnor A (lansoll, nor Linimeus had discerned this controllingpl)in-
ciple Buernard perceived it, availed himself of it, and(emibodied it siletltly ill his
caltalogue; Laulrent de Jussieu drew it thenlce, developed it, and placed it in full
lightly; M. Cuvier transferred it, by giving it wider scope, from botany to zoology;
Iland thus by successive steps we have been endowedt with thle natural method.

§ 5.-Old age of Bernard.
"_Convinced that principles exist ready formed in nature," (iti. Laurent who

speaks,) '" and that thle botanist ouglit to confine himself to seeking them there,
without attempting to establish thlem apart from nature," Bernard11ha. excused
himself from the labor of' composing a book. According to himn, tlh perf!et book
was open to all; it was only necessary to learn to read it. When lie found
himself intrusted with the creation of a botanic garden, lie could not fail to ex-

perience tihe liveliest pleasure, for it was the living book, of which lie had in-
(liulged a dream, that lie was now commissioned to produce by arranging plants
iltihe natural order, of which lie had discovered tlhe clue. Simply to supply an
aid to his memory, lie had tlen composed his catalogue, and such is thle charm
of'trlththatthiscatalogue, wlich is only a long series of barbarous names, be-
caimetle poetry of a life instinctively devoted to one great task.
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Years meantime had accumulated, and Bernard, always absorbed in his
problem, perceived tile lapse of time as little as he did tile renown whichliad
encircled his name. Nothing had altered tile serenity of tile life of tile two
brothers; the love of order had, in this house, passed fiom theory into tile
most scrupulous practice. To this modest retreat il the rue des Bernardins
regularly resorted Maleslerbes, Duhamel, Lemonnier, Poivre, and other dis-
.tingulihed men, whom similarity of labors and opinions alnd long attachment
united in the bonds of the closest intimacy ; here also every learned stranger,
particularly every botanist, was emulous of being introduced. Ter prolonged
life of the good Tessier has left to us only tile impression of tle aged man;
here le appeared as te young debluant. Andre T'houin was indebted to the
two brothers for the origin of his botanical fortunes, and not a few besides,
devoted upon similar grounds of gratitude and affection, enlarged the circle by
which our cclibalaires were encompassed.

Occupied in scrupulously fulfilling towards his elder brother the duties of a
piety wlich might well be called filial, it is easily imagined with how poignant
a grief Bernard was affected when a short malady bereft him of Antoine. He
fell into a gloomy reverie, fiom which nothing seemed capable of arousing him.
Seated alone at the once common fireside, his long meditation only then began
to be interrupted by bitter reflections. IIe no longer quitted tile house except
to go to the church, the Jardin Royal or tile Academy.

T'he protracted life of Bernard condemned him to blindness; but those allevia-
tions which le had ministered to Antoine were in turn supplied to himself by
Laurent, the son of their eldest brother, wlo was, during many of his later years,
the inmate of his house. Seated daily near this nephew, and sulperintending his
studies, the old man, under the appearance of a tranquil reverie, became once
more absorbed il his former pursuits; it was as a second phase of tile same life,
as a thought whlicl revives and is perpetuated. Passing away thus,thie exist-
ence of Bernard may be said to have been at last rather transformed than ex-
tinguished; his mortal remains left tile fraternal mansion November 6, 1777.
* a # * a * * *

LAURENT I)E JUSSIEU AND T'PHE COMPLETE VIEW OF TIE AMETIIOI).

Mf. de Candolle, il his Thioric Elcmcentaire (c la Botanique, undoubtedly the
most original and maturely considered of his works, tlhus CXlpesses himself
respecting the two Jussieus: " \Without seeking, in any manner, to assign a

distinct part to each of these skilful botanists, and to separate names which,
united as they were by consanguinity and tlhe most confidential intimacy, will
be always still more closely united by fame, we shall merely remark that what
characterizes tlie method of the Jussieus is that it is founded on the subordi-
nation of characters." Now, this problem of tile distinct part borne by the two,
and the proper merit of each, a problem which MA. de Ca(ndolle has chosen to
evade, is precisely that which I propose to consider; but, before attempting its
solution, it is necessary to refer to some manuscript notes of Laurent de Jussieui
respecting his uncle.* It is of interest to see how Bernard was regarded by

"Tlhese valuable notes on the life of Bernard de Jussicu are accomplanlied with a notice
that " they were intended( for instructions to M. de Condlorect." It was, in effect, ol tllese
notes that was tolunded the historical eloge of Bernard do Jussien, read by Conidorcet at the
public session of the Academy of Sciences of the 29th of April, 1778, and, what added to the
eclat of the ceremonial, read before Voltaire. At tlht moment, whicll so shortly preceded
his death, Voltaire was the object of general admiration. " Paris contained at tie s;llme
tinme tile celebrated Iranklin; the latter was naturally desirous of seeing a manIwhose fai'"
had so long occupied tlho attention ofbtoth the Old and the New World. Voltaire, although
had lost the habit of speaking English, attempted to sustain the conversation in that lttmigiagt



THE JUSSIEUS AND THE NATURAL METHOD. 263
his nephew, who was at the same time his successor and continuator; without
whom we should with difficulty have penetrated the secret of his thoughts or
possessed the authentic explanation of his catalogue.

lie regarded botany," Laurent tells us, "not as a science of memory or of no-

innclature, but as a science of combinations, founded on a thorough knowledge
of all the characters of each plant. IIe compiled, every day, materials for form-
ing that natural order which is the touchstone of botanists. Always thinking
himself not sufficiently advanced, lie neglected to publish his first essays, and
sought the improvenwnt of his work. This distrust of himself continually ar-
rested him, and even brought him to the point of doubting' of all." * *
This last and curious phrase is one which any other than Bernard would scarcely
have suggested, and which reveals a species of superiority to which feiw attain
or even aspire. " IHe wrote little," continues laurent, "but. observed InIuc; and
the fruits of hlio labor would perhaps have been lost to science but for a tflvorable
circumstance, whicl obliged him to give a practical exposition of his general
system in tile arrangement of plants." The favorable circumstance was tlie tfl-
lowing-: Louis XV having seen at Saint Germain the plantations in which tile
Marilchal de Nolilles hadn indulged his taste, by collecting the trees and shrubs
of foreign countries, was struck with tile f;nely of forming similar ones tt
Trianon, and of founding there a school of botany. WithI this object, and
guided by Lemonnier, then first physician of the royal infants of France, he cast
his eyes on Bernard, who "being constrained," as Laurent expresses it, "'to
adopt some arrangement, judged it expedient to substitute his new plan for the
ancient methods." Thus we see oin how mere a contilngency'depended our

possession of this new plan; without the visit of Louis XV to Saint Germain,
Bernard would not have been constrained to adopt an arrangement, and quite
probably would never have written his catalqgue.
Respecting those ancient methods for which lie substituted his new plan, Lau-

rent Ihas conveyed to us the views of his uncle(: "T'lhose methods were, according
to him, only descriptive tables in whicl the plants were arranged agreeably to a
conventional order adopted for the convenience of those who study tiemn. The
science, limited to these methods, is a factitious science, very remote frt'mn tliat
of the natural order, whicl is the true one, and which consists in a knowledge of
the real relations of plants and their organization," * * * * When a man,"
adds Laurent, " has combined the characters of plants to such an extent as to be
able, in an unknown species, to determine tlie existence of many from the pres-
ence of a single one, to refer on thle spot this species to the order wlicl suits it;
when lie has destroyed tlhe prejudice, so disparaging to botany, that it is to be
regarded as a science of memory and nomenclature, and bas made of it a science
of combinations wlhicli affords alimemirt to thought and imagination, that man may
be called the creator, or at least tie restorer of tile science. Others will, perhaps,
extend its bounds, but lhcwill have Ibeen the first to point the way, to trace the
plan, to establish tlic principles. M. de Jussieu has not, it is true, consigned
them to any book, but in the garden of Trianon we recognize the conception
of the author. Thel same conception reigns in the recent arrangement of the
Jardin Royal of Paris, formed upon tle model of that of lTrianon, and only differ-
ing fiom it in some points for greater facility of study." Finally, Laurent.
arrives at the higher view which characterizes the JTussicus in botany, at tle.
key which has given them the natural order, the principle, namely, of the subor-
dination of characters. "In the examination of characters, Bernard had remarked
that some were nore general than others, and should furnish the first divisions.

but presently resuming his own: I could not resist the desire (lie said) of speaking for a
milent the lamguimge of M. Frantlllin. 'llhey net again at a public sitting of tihe Acldemy
>,fSciencels they here elmbllraceedlidnllst tlihe( cehulltio.s of the spectators, who excelnimled

that it w\\s S1lomn emlbracinlg 8opllocles." (Coldlorett: 'ic le I'oltaire.)
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After duly considering their relative value, he recognized the germination or the
seed and the respective arrangement of the sexual organs as thle two lriltcipalan(d Ilo.t. invarialble; lie adopted them, and made them the basis of the arrange.
meant which he establi. hed at ''rianon in 1759."

'.'hus the solution of tile problem I had pIroposed is seen to have little diffi-
cull y; for Laurent himself tells ius, as well ill these notes as ili the pref:ilce to
his G'enera PlantaIrum, tlat it is to Bernard we owe the discovery of the prin-
ciple of subordina(tionof caracttcrs. "'llhis inequallity of characters had( not
escaped ite excellent author of' the Orders of Tlrianoi, neither the subordinate
part Lof the more varial)le, nor thie importance of tile more constant, nor the dig-

ilty of the embryo and tlhe sexual organs, nor tile afinity of tlie genera and
orders which are associated with one another by these primary indications. The
families whicl lie has established are, in general, strictly natural, and confoimina-
ble to tliese principles." At a still later period, lie styles the Catalogue of
'Trilnfnm, that mature result. of the long meditations of Bernard, "the most solid
monumOient of his rellown." Nor does M. Adrien de Jussieu, though disposed
by a natural bias to incline the balance rather to tile side of lis father than his
uncle, bear a diffirenlt testimony : " I have beneath my eyes the manuscript cata-
logues of Bernard : tire re two of then; that which was printed at tlie head
of tlie Genera, and another slill longer, il which arie enumerated, in connection
with the name of each kind, the species according to the Linna'an nomenclature,
witl a brief synonomny of former authors. lut thle wilole is limited to a series
of names, without a word of development or explanation. Such as they are,
however, they evince lhat Bernard dle Jussieu hald established tlie principle of
the slubordination of characters, and had determined those to which must be
assigned the first rank; ian immensee step in advance, and sufficient in itself to
immortalize him who conceived it." * * * * "But does this embrace," asks
M. Adrien witli reason, "all that we find in tlhe Genera Plantarum ?" In reply,
let us bricly examine that work. At the time of its appearance, botany possessed'
20,000 plants, of which more than half ladt been unknown to Bernard-tlwse.
of Commerson, of I)omiley, of Forster,of Forskal. '['lie author distributes these
20,000 plants into a hundred orders; these hundred orders into 1,754 genera;*
to each of these orders and genera are assigned its characters, and to all these
characters their due valuation and weight.
The author divides the characters into three classes: The first class, essential,

constant, uniform in all the orders, and drawn from tile most important organs,
tlie number of lobes or cotyledons of tle embryo, the insertion of the stamens
or their arrangement in relation to tie pistil, tle situation of the staminiferous
corolla; the second clasn, general, nearly uniform in all the orders, or only vary-
ing by exception, and drawn from organs less important-tlhe presence or defect,
whether of' the calyx or of the non-staminiferous corolla, the structure of the
corolla considered as monypetalous or polypetalous, tlie relative situation of the
calyx and tile pistil, finally tlie presence or absence of the perisperm; tie third
class, sometimesuniform and sometimes variable, now furnished by one organ
,and now by another, the calyx monophyllous or polyphyllous, the ovary iimnple
or multiple, the number, proportion, connection of tle st;mens, the number of
cells of the fruit and its manner of opening, the position of the leaves and flowers,
&c., &c. By virtue: of this classification of thle signs, Laurent lias always before
lin tile principle which controls the arrangement of plants. It only remains
to respect everywhere this first classification, which gives tihe other. Let no
character of a genus intrude into the definition of an order, nor of an order into
the definition of a genus. T''l least inversion produces dissonance in the natural
order. By this system tle method is seenC, more clearly than ever before(, to he
the science of characters. There are found to (be laws by which these characters

"Add J50 geniira which are suplcrnumerary, or ot doubtful place (plantce incertw sltdis.)
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imply or exclude one another; the presence of a single one, as we have already
heard Laurent say, suffices to determine the existence of many, and it is even in
this that the most distinctive feature of the method reveals itself.
Adanson* and others, who censured Laurent for this exclusive preference

given to one part among all tle rest, were completely at fault. They failed
to appreciate that wonderful correspondence through wlich a character, aptly
chosen, far from excluding ollhers, as they apl)rhcended, comprises, implies, involves
them, as its consequence, and in proportions always definite, in combinations always
fixed. They failed to perceive those subordinations, those obligatory connec-
tions, or, as Cuvier at a later period called them, those necessary correlations of
parts, wliicli enable us from eacli to infer tlie whole, and reciprocally from tlie
whole to infer eachl-a singular prerogative inherent in the natural method, and
which that method, among all others, alone possesess. But by what process
had Laurent elevated himself to a knowledge at once so thorough and original,
to what might almost seem an instinctive appreciation of characters I)Doubtless
the catalogue of Trianon had been his first guide, the counsels and conversation of
Bernard his earliest and most vallled resource. But in the following extract from
a short manuscript accountll of himself, which lies before lme, we obtain an insight
into the means hehad devised for rendering this knowledge peculiarly his own.
* * * * * * * *

"In 1773," he says, " a place of botanist being vacant at the Academy of Sci-
ences, I was tempted to compose a memoir in order to be admitted to it, and with
a view to unider-tand thoroughly what are called families, I determined to take
one of them as tlie subject of my essay. Limuens had published his Frag-tlwntla aturalia or Ordines Naturalecs; Bernard de Jussieu had arranged hlis
Families in the garden of Trianon, and Adanson had publised his Familes
des Pla.tes in 1763. I selected for a subject tlhe family of the Ranlunculae'eo,
adopted by these three authors, and after having studied their catalogues, I
reviewed this family il all its characters, and soon recognized that these had not
all the same value; that some were constant in all the plants of thle falllily, that
others varied only by exception, and that others again were more or less variable;
whence I concluded that, in comparing them, it was not sufficient to have regard
to the number of like characters, but that it was necessary to take into account
their unequal value: thus it was thatthe seed finished metile first values, the
sexual organs, taken together, tle second, and tlie other characters, successively
diminishing in proportion, gave me finally more definite ideas on these relations.
My memoir, composed by myself alone, but approved by my uncle, was acceptedby the Academy and opened its doors to me in March, 1773."

lThis work oil the characters oftile IRanv/tculac' being finished and published,Lauirelt immmc diately commenced a similar one oi tlie Compositfe,tlie Gramineue,,
the Leguminwsc?, theUlmbhellfiera, &c,, families alike natural by the consent of
all botanists; and, this completed, lie felt that lie was master of thle science.
i "'l he principles of I3. Jussieu," saysAdalson, "will encounter perhaps some diificilty onthe part of botanists who believe that a method, in order to be natural, shouldfound its di-
visions on an examination of all the parts taken together,without giving to any one an ex-
clusive pretbreuce over others." (Report of Adanson to the Academy on the firstImemoir of
Laurent de Jussieu.)Adanson, was, after Bernlard do Jussieu, the man of his tino who had given most attention
tomtc hod. In hiis elaborate work,lFamilies dis Planttes,le reinarks: "Iti the ariitificial methods,of wliichl the object was simply to render more facile a knowledge of plants, by disentanglingit froma tile multiplicity of characters, consideration was given to but one or a few of the moregeneral or proiminentt parts of tlhe fructification, but, in a natural method, the characters,
whether of the class,tlhe genus or the species, ought. to be taken from all parts, mioro or less
obvious, of the plant." Laurelnt do Jussieu havingonl i day read a inmemoir to lthe Academy,Adanson abruptly remarked that lie recognized thereinseveral ideas which le liad himself
already made public. "I canweell believe it," was tie calm reply of Laurient; '" we studied
under the samea master." AdansoIn had, ine ffect, studied under Bernard; moreover, thio
plantation of the garden of Trianon dates from 1759, while the Familics deste antes appearedin 1763.
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" From that time," he says, "I conceived the plan of a new classification; * *
I projected, upon these principles, a new method, whose entire plan is set forth
in my memoir of 1774; I combined together the labors of the three authors
before cited." * * * * At length, in 1788, after fifteen
years of this persistent labor in the study of characters, the printing of lhe
General commenced. The author was so full of his book that lie began to print
without having written it, or, as lie himself says, " it was sent to press ill pro.
portion as it was composed." It appeared in 1789, under the title: Genera
]lantartum secundum ordlines naturals disposila, juxta mletiholu inin orto regio
paristiensi exaratam.
Now that both Bernard and tile Genera are known to us, may we not say with

confidence that Bernard would never have taken upon himself tlie execution of
so laboriou- an exposition ? lie loved truth, but sought it only for tlie satisfaction
it pr, cured himi. On a natLure of so much simplicity neither vanity nor ambition
had any hold. In 1758, after thie ldeathi of his brother Antoine, whose sub.
demonstrator lie had been, it vwas )prol)se(d to him to be advanced to tile first
place; lhe Iprefterred to retain thl second : '"'le old," lie answered, "are content
withlwhat they have; they (do not like change." In 1770, Lemonlilier, the
successor of Anitoine, being alp)ointed first physician to tile king, an(d Ihence
obliged to reside at Versail(ls, it became Iecessary to find a substitute; lBniTof
referred tile nomination to Bernard, wlio presented Ltiurent. Very different ill
this re'spect from his uncle, tile latter accepted the charge, though then only
twenty-two years of age andl nearly ignorant of' botanly.
* * * * * * * *

"It was nowl tiine," he tells us, "tliat I should l)lpply seriously to thle study
of tlh science ; tlie metliod of T'oulrniifort, then taught in thel garden, was, it
is true, very easy, all t(le stldenllts wer enovices; thmre was little dlitliiilty in
retailing to them il tile morning what I a(ld acquired tlhe evening, bef'ret. lMy
uncle, who had always arranged thle plants, whether for his brother Antojiie
or is successor Lemlonnier, rendered Ilme tile Hiane service, and, in tlt earlier
lessons, supl)plied mIe wit l tlhe characters of tile princilmal speciess." W\hllen
Bernard, in 1770, filflile-l this part of slub-demonst rator to his neplew of twevty-
two, he was himsellft' seventty-one years of' age ; no circumstance perhalilps could
more s'roiIgly mark tiledifference of their respcctive characters.
* <* * * * * *

IIFEK OF LAURtEN'T 1)1 JUS.IEU AND INFLUENCE OF llIS LAIO()RS.

It l]las been seen that Antoine Laurent de .Jussieu, born at Lyon April 12,
1748, and adopted by his uncle Bernard in 1765, at once became, under th(e direc-
tion of' tihe latter, a master in science. The explanation of this is, that having
been guided tly tile iintlresiools itl received intoapattoice true and untrodden,
all the steps which lie took were naturally confident and progressive.
* * * * * * * *

In thel memoir wlhicl procured him, at the age of twenty-five, admission to
the Academy, lie had laid down tile Ipinciple thata, without neglecting (the
nonlenelature, it wvas above all necessary to devote attention to the investiga-
tion of characters, the most important part of' botany." Thi3s was one of the
truths which had occupied tile life of Bernard, and now proclaimed by Laurent,
it challenged general recognition at the moment when it had become most neces-

sary to thle progress of the science.
In 1774, lie presented. iln second memoir, written on occasion of the reor-

ganization of the botanical school of the Jard(in Royal, tile plan of a new classi-
fication. 'This new frame-work of tihe science, a skilful combination of tlie labors
of Bernard at Trianon, of tlhe metllod( of Tournefort and of tlie nomenclatueltre
of Linntuus, was developed witli a precision and confidence which struck ill con-
siderate minds, and established Laurent as an innovator at the Academy and
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among botanists. In this memoir he lights the torch destined to guide nl tlhe
great labors upoll method executed during his cra. I cite the following passage:"lThere exist in vegetables, as in animals, primary classes which comprise other
secondary classes; both are founded on general and invariable characters, which
cau only be derived from tih organs most essential to life, an1( tli reproduction
of the species; all beings which differ in the structure, situation and function of
these principal organs ought to be separated; lence tlhe first divisions of the
animal kingdom result from the inspection of tlhe heart, the liumberl of its ven-
tricles and auricles. The organs, which lold after this tli first rank ill the ani-
mal economy, will give the second divisions, and so on. This principle, from
which no departure can be made without lapse into error, is tlie foundation of
all researches in organized bodies; nothing nIlusive can be obtained from tie
examination of the external parts, of those parts which supply, at most, charac-
ters of tile third or fourt order; methods founded on tliese characters alwaysdev(iate from nature, both ill tlle animal and vegetable kingdoms.
"These truths," llecontinues, " did not escape my uncle, and the arrangement

of' imilies, in the garden of thec Pelit Trianon, proves thathle was thoroluglly
p'inetrated with them ; his order is more natural than tlie metllodspublished up
to this time, because it is simple in its general divisios, and preserves the in-
tegrity of ftlailies. We find there thetlIhrie primary elh-ssees, characterized by the
e110mbryo ; the aco/lyledons are arranged according tolthe more or less marked ap-
pearance of the parts of fructification ; in thle monocotyledons the author is
guided by the insertion of the stamens, andl successively passes in review the
stnimiens borne on the pistil, those which adhere to tile calyx, and those which
aric attached to the support. The dicotyledons are divided, likewise, by observing
that, wlhe tlie corolla)bears the stamensl it is their insertion which becomes thi de-
ci-i ve character in referring t le plants to one of thetliree insertions ofthe stamens."
For hi.s classification Laur'ent takes from Linnius, as we hl;e already seen,

their, encra, thespecies, t1le nolenclature ; from Bernard, tlhe orders, or' natural
failmicus; from Tournlet;rt, a me(anls of multiplying tlie classesoft Berlnard, with-
out breakingllup Ili ordtl s or hisJfl 'mishe.The genera of Linnmus were tlhe
most precise which had yet been known ; his spheres thle most definite; his nt
menrita/ure was admirable. lThlis nomenclature, which reduced tile long phrases
of'Tournefort anld(Gaspard Bauhil to two words for each plant, thle,lamllt of
the species and the lnaime of' tle genus, constituted in itself a great reform inl
science. Yet wVhen the (questioarose of' introdulcingit at. the Jardin des Plan' , .

(itliculty occurred ;lBul'on, who was then intcndant, rejected the,iniman names

s.impjly because they were those of' Liniuus. A little reflection, however, recallv'd
himi to a sense of right, and tlhe Gardeln received attile :mmne time tihelnomnen-
clature of Lin us and the natural order of Bernard. A year later, instruction
was given only according to the new method.1The presence of Bernard, coIing
every morning to arrange tleplants lfor tlie lectures, lent a sanction to thle d(-
v(elopmlent given by tlie young chief of time doctrine to tie thoughts which had
been suggested tolim by the old one.
A science whoseprogress strikes tle imagination is sure to attract a throng of

proselytes. Never had botany counted0so many. Tli expeditions into the
country, to which Bernardhlad imparted( so much interest, and wlich Linmeus,
by adopting them, lad rendered still moreftimous, liad now no other guide than
Laurc'( nt. Each spring-time stw thle train wliicih accompanied him inicriase in
member ; neiter age nor celebrity stood aloof, for tie same attractioncaptivatedall minds however differenI t their predilections. There might be seen tlhe youlh-fil :onl of ai procurator, escaped from the jargon of tlie paternal oice, wlio
merely skimmed the surface of' botany preparatory to a bolder flight in another
scieuce, through which hl would one day endowhiis country witl theglory
attached to the name of' Lavoisier; or it migt hbelIaynal, coming to seC k tlhe
scientific details embraced in his history of tlhe two Indies. We have already

267
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seen Jean Jacques Rousseau ask from Bernard directions for the studies which
consoled his latter years. For five seasons, the author of Emilivs assiduously
followed the herborizations conducted by Laurent, and often succeeded in turnilg
their course towards Montmorency. De Jussieu, filscinated by the blandish.
ments of the distinguished man, complied tilt more readily with his wishes (in
such occasions, because a compact existed between them which interdicted all
allusion to the works of the philosopher, and under this condition the latter
showed no want of the qualities of a gay and complaisant companion.
*# * * * * * I

Let us return to the two memoirs, whicl may be considered as the basis of all
that was effected by Laurent in tihe sequel.* They had been written while
Bernard and Linnceus were alive , a few years had elapsed and the two patri-
arelhs of botany were no more. Thencef;,rward the first place was open, and
all felt that it was Laurent who must occupy it; it was impossible that he him-
self should not feel it. Accordingly, we find in a letter of his, written about
this time, these noticealle worls: "Tlllere are circumstances of which it is ourduty
to take advantage, and one offers itself to me which I should be wrong to neg-
lect. We have lost, within three months, the three first botanists of Europe,
AM. Ialler in Switzerland, M. Linnleusl in Sweden, tile third at Paris. It would
be a proud thing to succeed them, and to retrieve for France the pre-eminence
which foreigners have disputed." These words evince tile consciousness which
lie felt in his own strength ; what still more evinces it is the labor which le
then projected of comprehending tlie entire vegetable realm within the princi-
pies which lie hid just established in his two memoirs; a vast enterprise, result-
ing in his great work on tlefmin/ies ofplantts, the celebrated Genera Plntarum
which we have already ha(l under consideration.

In this admirable production a circumstance especially worthy of remark is
the use which the author has known how to make of the materials within his
reach at the time of its composition. Their number has since been increased
fourftld, and yet there is no great principle of the natural order whichl is not
laid down in his book, and scarcely any of the combinations established by his
successors of whicl the germ is not to be found. Fontenelle admires in Tourne-
fort a clh'sification in which twelve hundred new species, which, lie adds, no one

expected, have found admission witlhot disturbance of the plan. What would
he have said of the method of M. de Jussieu, in which nearly fifty thousand
species, unknown at the moment he wrote, have found their place, and almost
everywhere a place indicated in advance, a place which expected them ?

I have said that the author had established a hundred primitive families; none
of these has been suppressed ; more than half have undergone no modification.
hr'I'e have been transferred, and transferred entire, into neighboring groups,
which is but a different mode of association. Of the others, the greater part,
through the natural effect of so many new species collected in the lapse of nearly
half a century, have been necessarily disintegrated and subdivided ; but scarcely
one has been so, except by sections or divisions indicated by Laurent himself.
Finally, there are five, and only five, of them which have been recognized as

natural only by fragments. Hesitation then exists only respecting some frag-
ments of' families, some scattered species, and even here there is rarely ever wanting
a note, an indication, a doubt, pointing in tie direction of the truth-truth which
only the most wonderful sagacity could then have described, so few were flle lec-
ments at hand fiom which to deduce it, and so great the need of since collecting
new ones, in order to establish it in a complete manner.-

Systems grow more sacred with age, and the promoter of tile natural method
lived long enough to see it almost universally adopted. Iesfontaines r'ot only
taught it, but rendered it essential service by al important discovery in v'ege-

For the note, which, in tle original, is appleded to this piisaige, tho reader is referred to
the end o' thie article, whither it has been consigned on account of its length.
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table anatomy. ltichard, who first applied exact and detailed analysis, was

often associated with Jussicu in his labors. I find a memoir inscribed by him
to tlie latter in the words, To the greatest botanist of .Europe; and no one
who ever knew Richard will suspect him of flattery. Ti'1 penetrating and
critical spirit of Du Petit-Thlonars found nothing to cetnsure; DC Candolle, Mir-
bel, Robert Brown have developed the method in their writings; Humboldt
has applied it to botanical geography ; tile pupils reared by them, and the gene-
rations which have succeeded, have all rallied under its laws. Intelligent acqui-
escence has in this been only equalled by the docility with which vegetable
ni;ture has enlarged by thousands of species tle outline originally traced, without
permitting an infringement of the ordinances of the lawgiver.

In 1793, the Jardin des Plancts received a new organization, and took the
title of Museum of Natural Iistory. D)aubcelton was tle first director, anld was
succeeded by De Jussieu. In those difficult times, he devoted himself entirely
tothie administration of thisaidmiralble establishment. The libraries of the religious
bodies having been suppressed, lhe obtained leave toelect from them all that
had a bearing on natural history, and thus laid tlhe foundation of the present rich
collection of the Museum. Nearly always secluded in his cabinet, lie had re-
iained a stranger to the political agitations which tlhei convulsed France ; it
bad even been a subject of public reproach that he never appeared in the pop-
ular assemblies. ie judged it expedient therefore to repair to his section, which
\was that of tlhe Sans Culottes. It was tile day for choosing a president, and,
to his amazement, lie fund himself promptly promoted to the honors of the
chair. From this time municipal dignities were showered on him; dignities
which it was dangerous to refuse, however earnestly lie might covet tle retire-
ment of' his garden. Yet, in tile exercise of functions thusIunexpected, his spirit
of order and method suggested to him areport onithe hospitals of Paris, which
is still regarded as a model.
As a relaxation from severer studies, M. de Jussieu applied himself to tle

compilation of MIemoirs (f the Museum, an exactalnd complete history of men
and things. We there see the origin of the JardinlRoyal, which was at first but
a garden fbr medicinalplants; this was indeed its legal title, its cabinet being
but a depot of drugs. In tracing the successive steps by which it has become
the mostImagnificent of collectionli, its historian recalls tledlific ulties of every
sort which were to be surmounted for tlic estabiishmlet of instruction in natural
history, independent of' that in medicine, andtl the petty war which it was nie-
cecssary to sustain against the Faculty, 'who could not toleratetli: introduction of
chlimistry,tlhe objectofoneoef the new chairs, into tie course of' intructlon,
as being, so said tile Faculty,) for good causes and considerations, prohibited
andl (dctinncedl bj decree rf Parliament.

lll1O04, the chair of in/eria medirc in this same Faculty, having become
vacant byl tile death of lPeyrilhe, M. de Jussieu offered himself,*t and all coin-
peitition disappeared. As professor, le tookfitlheblasi of his lessons tile fruitfll
principle of the correspondenicce of the properties of plants with their botanical
affinities.ft "' leasoniug, founded on experience," he had said in hiis memoir of'
1774-, demonstrated that plants conform;able in their character s possess tlhe same

" leIhad, iln 17i(, taken a very active part in the formation of thle Royal Society ofMedi-
cine. landaliy seconded tli efforts of hisfriendly Vic(q d'Azyr, to toulnd and sustain a body,theIu so strcllolmsly combated by tleolllFaculty, aind which, at aIlter period, becamUe the
uiiuclisof' the new Faculty.

t T'he development ofthis principle forms the basis of tlie discourse which lie rcad at the
pub:iemelting of tlheSchool..iJfllcinc in 18(i. It is curious to see this impoitantf princi-itle already distinctly enlunciated by Morison : PlantI qIue generis societit.tjunguntur ple-trflqtfluL:. simic cs possidlent ftacultatts, ( PIntarutt/ii.ltoria, &c.) But it shouldle rearked
thatt his prImecipl lihas only become !sally serviceable to thie nateria rmedica, when it hais been
;)rnciculli! to apply it to groups more comprehensiveothal the genera, to orders, namely,
Jr fi]ilics.
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properties, so that, the natural order being once given, it will be practicable to
determine their virtue by exterior signs.

During the latter half of his life it was his most cherishcd purpose to give a

second edition of his principal work. Unfortunately he was able to leave but
fragments of these labors, all, however, of a singular completeness. They form
a succession of memoirs, inserted, almost uninterruptedly, from 1804 to 1820, in
the Annales du Museum. Here more than half tlhe primitive families of the
author pass in review, each is examined in detail, and in each the species which
compose it. The great work of Gawrtner on fruits was not available to him in
1789. lie now takes it as a term of -comparison, as a touchstone, so to say, of
the new groupings which he proposes. In studying the seed G'ertner had
brought anatomy to bear upon the same organ, from which M. de Jussieu lias
drawn the principal bases of his method. Applied to the science of relations,
there observations of Gwrtner acquire an unexpected importance, and they are
taken advantage of by De Jussieu to throw new light on the computation of char-
acters, on the formation of families, on tihe art, but little known before, of adapt-
ing to one another those two resources, on which depended thenceforth theadvance.
ment of the science-anatomy and the method. Numerous articles, scattered
through the Dictionnaire des Sciences Naturel/les, are also important productions,
and, collected in a single work, would form one of the most useful of books upon
botany. The articleiMethode naturellc is a second edition of the introduction to
the Genera Plantarum; that uponfnailnies, though much shorter-since much
would have been only repetition-is a model in its kind. The articles relative
to each particular family all present, and in proportions required by the subject-
matter, the same brevity, the same precision, the same definite views of the facts
composing them. Lastly, those of which the object is the determination of the
names of plants, as reported by travellers, exhibit his sagacity under a new

aspect. These names, barely accompanied by a few vague and incomplete indi-
cations, were so many enigmas which piqued his curiosity, and in the search for
whose solution lie found a sort of learned diversion.
The philosophic tranquillity of his spirit had taught him the secret of sparing

himself unnecessary trouble. When attacked, as le was in almost all languages,
he never replied. " If I am mistaken," he would say, "it is natural that 1 should
be attacked; and if I am not, all attacks will be futile." Ile never ceased to
refer the greater part of his success to his uncle. A stranger was once congrat-
ulating his son on the good fortune of hearing so honored a name; " Yes," re-
plied MI. de Jussicu, who was present, "it has been a very useful one to me."

A very decided myopy was common to all the members of this family who
devoted themselves to botany. Laurent, whose sight had always been weak,
lost the use of one eye while he was yet in the prime of life, and towards the
close of lls career the other became so enfeebled as to allow neither of writing
nor observing.
# * * * # # * *

In advanced age lie passed a part of the year in the country, still finding his
chief pleasure in the search for plants, which, while some degreeof vision remained,
lie recognized by bringing them close to his eye, and, when he could see no lon-
ger, by the application of touch. To succeed under such circumstances pl;easctl
him as a sort of triumph. At the creation of the Institute he became naturally one
of its members. Hie was nominated to the Council of' tle university in 1808, was
for sixty-three years a member of our Academy, and for sixty-six years a profes-
sor at tlle Jardin des Plantes. Iis constttition was robust, his stature tall; his
gait and whole hearing denoted the self-possessionl ofa profoundly thougltfill mani.
'1h' simplicity of his tastes, tlhe habit of labor, the tender cares of a devoted family,
secured to him a long anld vigorous old age Ie expired September 17, 1836, inl
the midst of tlie most cherished objects of his affection, at the age of 88 years.
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ADRIEN DE JUSSIEU.

In this sole and last direct inheritor of the name of Juseicu were early manifested
a singularly just and acute discernment, a certain archness of humor, and a senti-
ment of profound respect for his progenitors. To thcee was added a thorough and
*very comprehensive instruction. M. Adricn had recognized and resolutely accepted
the great weight imposed on him by the celebrity of his ancestry. His works,
stamped with merit of a high order, attest even by their small number, due to
his scrupulous regard for excellence, a respect for his predecessors and himself.
Some of his memoirs * are finished models of that complete and profound study
of families which embraces not only all that belongs to the formation of groups,
but all that relates to vegetable anatomy, physiology, and geography. His
Traite Elenmentaire de Botaniquc supplies the most substantial, precise, and at.
the same time most elegant survey of the actual state of the science, while his
article Taxonomie, in the Dictionnaire universel d('Histoire Naturcl/c, is the
most well-considered and profound disquisition which has been given, in our day,
on the important subject of Mlletods.

IHis father, who had relinquished to him his chair at the museum in 1826, had
the satisfaction of seeing lhim, in 1831, take a place beside him at the Academy.
The herborizationH, which his great-uncle Bernard and liis fatler liad rendered
famous, were continued by him. In 1845 he was designated to fill the chair of
vegetable organograp)hy at the Faculty of Sciences. His pupils will not readily
forget with lhow much skill all available knowledge was condensed in his les-
eons. He had been long collecting the materials tor a history of botany, and it
cannot )be too much regretted that his protracted sufferings did not permit him
to finish it. Never has an historian been more happily adapted to his task.
For such a work lie possessed( at once clear-sighltedness, discrimination, a: ,d npo-
tii(lity of knowledge. Ilis colleagues and tfriendls have still in lively re-
menmbranlcc the vivacity and originality of his conversation, tilehlumorolil. and
grapllic turnl of his mode ofnarration. M. .Adrien had religiously culliv;lted the
ilomnistic virtues, which were traditionary in his family, and which contribute so

much to the happiness of life. His veneration for his father was almoi;t idola-
trois, while his devotion to tie two daughters, who survived him, was 11ot0.(le.
marked by features of tlie most tender and ji(dicious regard. lIe died June 29,
1853, aged 55 years, having been born I)cember 23, 1797.

Note to page 23.

All that M5. de Jussieu has 1)roduced may be regarded under two chi'f p)oiits
ot'view: character ,and classification. It was wilh his memoir of 1773 that lie
openl-d the study of tlhe former, and in that of 17741 that he laid down the prin-
ciple.s of the latter.

§ 1. Ofcharacters.-Characters are the signs which indicate the relations of
heilg.. In every organized body, whether animal or vegetable, each parti has
iece.ssary relations with all lie others. We may therefore judge of' all by each.
A\ld those parts whichaIrethllus taken for signs of others, those parts by which
-ejlllgc of others, are what we name characters. Naturalists lhad begun by
seeking these characters, these signs, almost indiffTrently in all thepairt.s. I1.
W;a: suiibsequently recognized that these different parts arel very farfiom having
;an e(1 :l value either ill uniting or separating beings. l'lhence has sprung thl
vili;iion of characters, and this valuation has furnished the solution of tlie pro-
blem of method.

I<jl' (cia't!l\v tllhose ol t I'/ll uphlorbia cc', (1821,) the l'utace, (1525,) thoMicliacrt, (I1:I() ,)h'flJ-,'/;i / cr:, (V1:3,) &i., aniidlstly, his line lcreti.Si, on Alonouotyleulinous embrlpJs,
,;'<;).) I tlrcl but indicate his luburs; the time for their complete appreciationhIs not yetg:rrivcil.



272 THE JUSSIEUS AND THE NATURAL METHOD.

Everytiling depends, then, on the principle of the relative importance of charlc-
ters. But how is this relative importance to be learned ? By two means equally
sure, and whichMr. de Jussieu has himself explained: one, founded on reasoning,
infers directly the importance of the character from tile importance qf the appa-
ratus which furnishes it. Everything' in the vegetable tends to the formation
of the flower; everything in the flower tends to the formation of the embryo,
of the new being; the formation of this new being, the embryo, is therefore
the aim and end of all the otler vegetable functions. " It is- in the embryo,
then," says M. de Jussieu, "thalt naturalists must seek their principal charc-
ters." (Diet. des Sc. naturel/es, article Methode naturelle.) In his memoir
of 1774, lie had said: "A different conformation in the vegetable embryo
occasions, in the development and organization ofthe plant, remarkable differ-
ences, which constitute so many characters; these differences being dependent on
those of the embryo, tihe characters which they give depend equally on a single
onte which determines their existence; whence it follows that the character
derived from the embryo must have a value equal to that of all the others
united.

,So much for the first means, that founded on reasoning-the rational means.
Well tli.s fails, M.d(e Jussieu supplies it by another purely experimental, and
which never fails. In defect of the function which is not known or is badly
known,lhe determines tie importance ofthe organ by its constancy. Nor is this
all; it is withLeachl circumstance of an organ, as with the organ itself: the cir-
cumstance the most constant, that is to say, the most general, is always the most
important. LiunnrTuslas made of the stamens the base of his system; the num-
ber, attachment, union, proportion, ilinuation of these parts, are all considered,
all employed; and lie does not see that, .mong all these characters, one only
has importance, because it alone ha3s constanllCe, narmnly, the attachment of the
stamens, or their insertion. Tournefort has founded hlis system on the corolla.
IIe considers tlie absence, presence, situation, division, form of the corolla,
and employs all these characters which are variable, while lie neglects precisely
tlhe character derived from the attachment of that organ, which alone is constant.
T'he natural order has escaped both these sagacious men, and has escaped both
from the s:lle cause, because of their not having recognized the relative import-
ance of characters. Still further, if we take the botanists from GeOsner onward,
all those who lavc been fortunate in their attempts, wlo have discerned some
fragments of the natural order, all, without knowing it, were guided by the prin-
ciple of' the importance of characters. Yet more, there are natural families
already formed, such as those of the graminca', the composite, the uhnibr!ife'rfe; if
we study these families, every character which varies in the family is subordi-
nate, is secondary; the primitive and essential character, the important character,
embraces the entire family. There is, therefore, a gradation, an order in charac-
ters; andl, as I have elsewhere said, the true problem is to begin by classifying
these characters, according to which the objects, in turn, are classified.

But it will be said, perhaps, and with reason, are the important characters
always accessible, always easy to be determined, to be seen; and then hlow shall
we be governed in reference to the inferior, the accessories? To know this, we
need only refer to M. de Jussiel: "All tlie characters," he says in his memoir
of 1773, ' have not the same value, the same efficacy in uniting or separating
plants. Some are primary, essential in themselves and invariable, like the num-
ber of lobes of tihe embryo, its situation in the seed, the position of the calyx
and the pistil, the attachment of the corolla and the stamens; these serve for
tle principal divisions. The others :re secondary; they sometimes vary, and
oily become essential when their existence is intimate/ connected with that q/
the preceding; it is their assemblage which distinguishes families. It is true
that tile fundamIental characters of anly order whatever should always be taken
in the fructification, but at the same time it is necessary to regard those which
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the other parts furnish, as accessory characters, which announcefte (.eistelnce /,
tl preceding, whose minuteness or situation sometimes hinder them from being
remarked. It is thus that, among animals, the external disposition of the parts
indicates the number of ventricles of the heart and other distinctions of the class
or genus." Lastly, in bisP memoir of 1774, he says: "Characters simply general
are usually connected with some of the essential characters, a circumstance which
:fflrds accessory signs announcing tle existence of the true characters-; " and,
with reference to iel organs of animals, h1 adds : " He who should content him-
self with exterior or secondary signs wi/i out establishing their afinit ?wit/ tihe
interior parts, would have blt. an imperfect idea of the true relations which
exist between animals." There is protobund analysis in these observations, and
equally true whether it be applied to zoology or botany.

§2 Of cla.ssificaion.-Let us first consider the classification of Bernard, as
stated by M. Laurentl de Jussieu: " The orders traced by Bernard in the gar-
(dci of Trianon amount in number to sixty-two, more than half of which ar(e en-
tirely confoirmalle to actual families. Several others, likewise conformable, differ
only by tile addition of strange species which ought to have been detached,
Others, still, are a union of several families, which should sometimes remain
united, sometimes be more or less separated. The author, having given only a
simple manuscript catalogue, without other addition, has not characterized his
orders nor assigned the reason of their arrangement. But if we carefully studythat arrangement, we first recognize that, without indicating the classes, he has
adopted the three great divisions characterized by the embryo. The first orders
pertain to the acotyledons, excepting, however, thle naiades, which have been
separated more recently; and the aristolochice, which should be completely sepa-
rate(l. In tle mrnmorot//ledons, wllicl follow, there arc seen to appear successively
the orders with cpng/ynic stamens, those withipcrigynic stamens, and those with
,Iyp/wg!nic stamens, whliclh proves that lie appreciated the characters derived
fti6i tile insertions. In tlie dwiotyledons hle pursues the same course, the same
dlistinction, though concluding with the pcrigynic plants, and referring to each
tinmonopretalou., plp/l)telalJoufs, and apetalous plants, which have the same
ilUsertion, sometimes intermingled, sometimes following one another separately.lie terminates his series by thel amentaceae united to the urticcae, the euphorbi-
OwrI/r and the confifrof. It will be seen that, without having proclaimed the
natural laws,, lie has almost always silently obeyed them." (Article ilMe/hode
natuirclle of tlhe Dict. des Sciencres Naturclles )
Bernard, then, had established sixty-two orders or natural families; and hav-

ing (lone this, hie had united these sixty-two orders into seven classes. I Th1e
nlimal;l kingdom " says Laurenlt in his memoir of 1774, "has but seven classes ; in
flJlowving the divisions of Trianon we count no more in the vegetable kingdom."This number of seven results in eficfct from tlhe employment of the insertion ofthe stamens alone for the subdivision of the monocotyledons and the dicotyledons.We have, then, three classes for the monocotyledons, three for the dicotyledons,making six; tlie acotyledons, left undivided, because their flowers, so little
alIparenct and little known, form the sercnth. Laurent fel, tile necessity of mul-
tiplying these classes, anil availing himself of the corolla, (a resource which
Berltard denied himself:) raised their number first to fourteen, and then to fifteen.
"'1lh author of the older of Trianon," lie says, " regarding this work as propertor botanists alone, as an advance towards perfection, and( a simple indication of
ihe route which should lead to it, desired that, to satisfy tile present object,which is that of public instruction, we should labor rather for learners than for
diilpts; that, without deviating from the true principles, we should seek to
etstabish a method which should have the classes in greater number, more pre-cise, and consequently more easily to be apprehended. 1Ie thought, further, that
it was incumbent on him to comply, as fur as possible, witl the received preju.(tice wNlicll regards as tile preferable method that whicl is founded on the parts

1S s
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more apparent and easy to be observed. It has been thought tllat this double
object might be fulfilled Iby joining to the essential characters, which are sometimes
little apparent, certain accessory characters, which arc constant and always visi-
bll, and1 which indicate the existence of the former by associating the corolla
wilti the stamens, il order to designate the classes." (cMemoir o- 1774.)

Il'urent ias since said, (1824:) "It would be necessary to adhere to this
numbaler" (thie number serlen of Bernard,) "'if, in order to avoid all excel)tion or

variation, the classes could only be founded on invariable characters. But if it
jbe observed that the numberr of families now adopted amounts to nearly one
hundred and fifty, and is conseqluelltly quite considerable for each class, the
necessity will be felt. of formiing new subdivisions, without deviating, however,
from admitted principles, and by always adhering to characters of the greatest
value. That which first presents itself, after tlhe invariable, is the character
derived from the mediate or immediate insertions, or, otherwise, from tle corolla
considered as existent or null, as mlonopetalous or polypetalous. Although it be
subject to solne variations, it is still that which presents the feCwest, and by
Employing it for tile subdivisions, tle number of classes can b(! multiplied, which
diminishes embarrassment in tle arrangement of families, and may much facili-
tate study. It is true that tIis helaracter is of no utility in dividing either the
acotyledons, the flowers of which are too little apparent, or lhe three classes of
monocotyledons, in which the corolla does not exist, since the part which was
long takenll or such is a trul( ca;lyx. It is in the dicotyledons alone, then, thlat
we can employ the character of the insertions, whether ;n(ediate, simply immediate,
or essentially immediate; or, in other terms more easily rememIbered, the character
of monopetalous, polypetalous, apetalous plants. We tjius. establish, though
admitting of some exceptions, in each of the tree classes of dicotyledons, three
subdivisions, without deviating from tlhe principles adopted, and tile number of
dicotyledinous classes would then be raised to ineic. Further, tih subdivision
or class of mnonopetals with epigynic corolla, or corolla borne on the pistil, may be
separated into two, according to the character of their stamens, distinct in one
of ils divisions, united iln t shlleath by the anthllers in the other, which comprises
solely the great series of conlposite plants. This separation, which, in the
dicotyledons, adds a tenth class, does not separate families and conflicts with no
affinity."

lie afterwards adds: "It has already been stated tlhat, in order to arrange the
families more easily, it wa:s necessary to multiply tie great divisions, always
adhering, however, to the most solid characters, and we have seen how it has
been practicable to augment tlis number of classes in the dicotyledons through
considerations derived from the corolla. It haIs appeared to us, nevertheless, that,
witi a view to facility of' study, an objectwhich should not be neglected, it
was necessary, in order to have inl the great divisions principal characters easy
of apprehension, mnd to approximate a little in this point to the method of Tourne-
frt, founded on the corolla, to give the preferenceto mediate and inmmedliaite
iln.ertions over hypogynlic, perigynlic and pligynic insertions, an1d not to follow
rigorously the first.principle estahli;,(ed. AVW shall lave tie slae classes, hlut
'prlselitedl, in the dicotlyledons, according to another sri(es. llThus, by leaving
tlif. four class:. (to tie first two grand divisions to subsist in their integrity, anll
without any change, we shall, ilni tle irst place, disinguish the dicotyledoins inll
;Ittalous, Ilmooetalotus lan(ld polypetaloilnsl)laniits. In the alpetalons, or those with
e:'sentially immediate insertion, we shall distingruis three classes with epigynic,
Iprigynie, and hypogynic stamens.. I t we next pass to plants wilh a nlonope.talois
corolla or mediate insertion, and if we remember that the insertion of this corolla
ioeiie becomes tlle essential and prinlmlry character, we sh1:ll subdivide the imouo-
petals into the hypogynic, perigynic andll epigynic corollas, and the epigyill will
ie ftrthter divided into Pynanthleral, having united anthers, and chorisalthltr;e,
having distinct anthers. Thle polypetalous plants, or those having tlhe insertion
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simply immediate, will be divided, like tle apetalous, according to the insertions
cpigynic, hypogynic, and perigynic of lle stamnens, without any further subdivi.
ioln. The class of diclices will close this series of eleven classes, which,joined

to tlhe four preceding. will carry the wlole number to fifteen, in which we can
rranlge all the families known, without decomposing them." (Article Metowde

naflrel/c of the Diet. des Sciences Naturclles.
Thefollowing is tle table of these fifteen classes given by Laurelnt himself in

the article just cited:
ACOTYLPIDOXES ............................. ..........................Aco!lMs ..... 1

stai(lel)s iyvpof'vnctli ....... ............................. lo:ofhyl/ gynh ... 2
3MO1NO OTYLEDONEIS sta;m nells peri;g'yous. .....................................lnll risyl,,n e .. :

tualimvlls rtpigynous .................................... onuoejiqi ..... 4
( .stamen-l cpigVynoua1 ....................... .pisctnmcirt ..... 5i

APETAL.E.....,st mlel s perignous ......... ............ 1'crisftminle .....(i
st(shliit's liivpogylnois ....... ............ ypostamiiut .:... 7
corolla hlvypl gyl Iio s...................... Iyporo, llrt ..... 8
corolla perig'nous ...................... riorll ......

Mr OrTA -
( nnltherrs united . ...... Epicorolltac (DICOTYLEDONES .... ntsOI'F.TAI.E. corolls cligyuous Synanthe,ir *....

[ ( nuthers distinct .......lpirorolle ..

[t~~('/f~~Catorisant:crMi *
st;mens cplgynous ........... ............. pipf.alre ....... 1I

POLYrPEAL.:.. t tan'mls hylogyious ...........I.........../potfrtlrc..... 1
f(tDtalceI pL'rigyliols..................... lPriptla 'I ... .1. 1

.Drc)LINiEs ..............................................)iclin ......... 15

In the table placed at tile head of the Genera Plantarum, instead of the names
which here indicate each class, the author had merely employed the number, a
mode of (designation which, as is seen above, he judiciously changed.

INDEX ET'HODI

Ordines naturales complcctentis.
ACOTYLBEDONIlS ...........................Cs..5 .......Css I

tami 'ahypr gyna ................................................. II
MONOCOTYLEDONES.t " pcrigyni ................. .................................

(t"upigynt .............. ..................................... I,

l e igtiLapiy .......... .....................AIP TAl .I...... ,lli rigyvna............................... V
113.pagrllvlnl-rnlt··.--·.--.·--····.-·VIIhypgyna ............................... V1 I

rlla hypgyna..................... V.VI

Y'O: J.Y (stAninl:ji plle1yna ................................. iXl

" 'if·}ltXrigyna.. IX\'j COriTvYl .......................... . ... XIV
DICLISrS It yllOU.LAIlS ......................... ......... X V

IM. de .Tussine has been censured, and with reason, for the arrangement of his
c!nises, founded on tile forms of tile corolla. It will be seen that ihe censured
it himself: " These classes," lie says, " have the defect of not subl-i.tinlg without
exception." Again, lie says that, " if tlh method bh considered rigorl. sly, and
nt with a view to convenience, it would he necessary to adhere, as 1ernmard haI
dlone, to tlhe sole invariable characters, the lot'es !if the cmiri/o and tlhe inserti)onl

,/' tie snamen.s." And yet, in proportionl as tlie 1n Ilberol' species hias illrea':sed,
it 1t:ms been fund that even thi.flast character, taken from tile insertion of tlie
st1l.nns, cannot be regarded as exempt from variation. Ontthe other hand,
v,:rythlintg lhas concurred ill confirming tlie grad division given by tll.e lobis qf

lt/,e ,,/,r)o. ItHence, tlile tlree group f)oundd onllIsec lobes (tle aicotl/hedot,,
mlfitnwor/tdefons, and dicotyledons) are ifar byond simple (elatses, pI)oi)erly so

e2!.'.I; they correspond to thle embran:hlitlcm ts of tle a;illilal kingldo:, estab-
i::.(ld byl (Juvier, and og, perhaIlli to be designlted by tl(e Samie ltname.
mhider lihese tlilree grand divisions shlill(d Ie ilaecd the classes Roperr, each
torniM d ht tlie unionolf several families, ill colflOtmilt with tlhe ijudicil.ms eilec.
lion of 5Ir. JRoert Brown : "A methodical anll at thesame tilime natural at-
lalgemncntotfiittailics is perhapsimpracticable in the actual state ofour km wledge;
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but it would probably hasten the execution of that wock were we to turn all
our attention to the combination of families in classes equally natural." (Gen-
eral remarks, geographical and systematical, on the botany of Terra Australis,
p. 7, 1814.) All the ranks, all the subordinations of groups, would then be
marked; the entire outline of botany would be conformable to that of zoology,
and great advantages would result as regards the high and philosophical views
common to the two sciences. On this problem of families to be united into
classes, and classes to be separated from embranchements, M. de Candolle ex-
presses himself as follows : " There are but three great classes known at present,'
(the three which I propose to name embranchements.) * * "It is beyond
doubt that each of these classes may one day be subdivided, so as to group
among themselves the families which are alike; but this subdivision of classes,
this institution of groups superior to families and inferior to classes, has not yet
been accomplished in a natural manner. * In this lies the most important
problem which now presents itself for solution in the study of natural relations."
(Theorie :leFmentaire de la Botaniqgu, 1813, p 195.)



NATUAL HISTORY, OF ORGANIZED BODIES.

FaROA THE COURSE OF LECTURES OF M. LAREY AT THE COLLEGE OF FRANCE.

Translated by 0. A. ALEXANDER for the Smithsonian Institution.

I.-HISTORICAL EVOLUTION OF THE SCIENCES.

The course of instruction in the College of Franc is not limited to a simple
exposition of tile state of science at each epoch, but, as a school of discovery,
extends its views to tlhe actual tendencies of the human mind. It aims to sig-
nalize tie new horizons which are opening for science, and whicll hold out to us
the promise of further acquisitions. In order, however, to judge of the direction
to bie pursued, it is necessary, from time to time, to cast our glance backward,
to consider the space which has been traversed, to recall the findings, the haz-
ards, the difficulties of the route. Such a recurrence to the past is one of thi
most useful preparations for a new departure, and will enalle us to attain our
end much more promptly and certainly than it was possible for our predecessors
to do. It is by availing ourselves of their experience that the march of improve-
ment ilas been constantly accelerated, until, in our day, more discoveries are pro-
duced in ten years than formerly in an age.
The history of the natural sciences has, not long since, been retraced in this

chair by the professor whom I llave the honor of replacing. M3. Flourens hero
passed in review the life and labors of the learned naturalists of the XVIti,
XVIItl, XVIIIth, and XIXth centuries, having devoted to this subject several
years of his instruction. I shall not undertake to unfold anew this historic
tablet, however instructive may be its lessons. Permit me merely to retrace,
with a rapid glance, the principal phases of the evolution of science. We shall
tlhs see more clearly tho tendency of scientific inquiry and the direction in
which we should look for its further advancement.

Tllo natural history of organized beings comprises zoology and botany. If
we open the most ancient treatises on these subjects, we perceive that the engross-
ing occupation was to make an enumeration of the objects of nature. Science
might be said to have been then engaged in taking possession of its domain;
in making the inventory of its treasures. Each object received a name which
might distinguish it, by recalling, as far as possible, its exterior characters. Thl
"embarrassment of riches" soon gave rise to the necessity of a methodical
arrangement. Tlhe first step was to separate animals from plants, and thus
were formed the two great kingdoms of the natural world. Afterwards, in each
kingdom, were created new divisions; first, branches, each of which was dis-
triluted into classes,and these again, by successive divisions, into orders, families,
tribes, genera, and species. To be useful, tllcse classifications should combine in tlhe
same group the beings. analogous to one another,, so tat, y knoing to what fam-
ily an animal or a plant belongs, a preliminary idea may be formed of its principal
characters. It is for the attainment of this end that classifications have been so
often modified, tending constantly to become more natural-that is to say, to

Rezue des Cours Scientifiques de la France it de 1'dtrangr, March, 1867..
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establish the affinity or the separation of beings on the most important char.
actors.

Anatomy, in thie mean time, came in aid and revealed the interior structure
of animals and plants. It showed that certain organs seem, from their constant
occurrence in tile series of beings, to have on that account a predominant
importance, while others which are frequently modified, and sometimes wholly
wanting, appear to be but accessories, and of a secondary utility. HeInce it is
that the presence of a vertebral canal containing tile spinal marrow has lifu'nished
the distinctive character of a whole branch of the animal kingdom, that, namnely,
of tile vertcbrata. In this second lphase of the evolution of tie natural sciences,
man no longer confined himself to the r6le of a spectator of nature. Ite scru-
tinized and compared ; he essayed to form an idea of tlie general plan of thie
organization of beings. The dry nomenclature had thus given place to a
methodical classification.
When Cuvier appeared, comparative anatomy was doubtless already founded.

Antiquity itself l ad learned it from Aristotle; modern times had witnessed its
advancement by Cl. Perrault and Vicq d'Azyr; lbut much remained to be done
in order to complete the classifying of animals according to their anatomical
constitution. '1'lie branch of tice inrertcbrata comprised a multitude of incon-
gruous orders, among which new divisions were of course necessary. The
invlertelrates were divided by Cuvier into three new bIranches, the Mollusks,
the Articulata, and the Zoopliytes. FTljis natural classification, based on com-

parative anatomy, borrowed tile distinctive characters from tlme arrangement of
the most important organs in the animal: from that of the nervous system.

It was now that, combining in a comprehensive synthesis particular facts in
order to derive from them general ideas, Cuvier was enabled to throw light on

some of tlle laws which govern tleo organized world. Such, for exapile, is
the lawtion subordinationoqorgans, wilich teaches us tliat such or such an organ,
when it is present in an animal, impliestile presence of other organs which are
associated with it after a necessary manner. Natural history liad thus become
a veritable science, agreeably to the definition of Bacon: "Sciences are only
facts generalized." Now, generalizationlhad conducted Cuvier to tile expression
of laws. These, in turn, led hinm to a remarkable consequence-to the creation
of paleontology. It was in conformity with his law of the correlation of forms
thathe reconstructed the entire skeleton of a fossil animal when possessed of
but a few of its remains, and restored for science generations of beings which
liad long disappeared from tle surface of tho globe.
By tile side of Cuvier another grand historical figure presents itself in Geoffrey

Saint IIilaire, liis contemporary and friend, nore recently his scientific adversary.
Prepossessed by his labors in tlhe natural classification of beings, Cuvier lhad
bent his whole force to the discovery of tile differences which separated them.
Tlle geniuss of Geoffroy disposed himn rather to comparison; resemblances
attracted him more strongly than differences, and enabled him to detect, inthe
zoological series, tlo unity of plan amidst the diversity of details. History
will preserve tile remembrance of the memorable conflicts oftileso illustrious
adversaries, conflicts which powerfully developed two great conceptions in which,
at last, there is nothing irreconcilable. From this epoch dates the rise of
anatomiicalpI ilosopliy.

While zoology was establishing itself on foundations really scientific, botany
lad Ieenpursuing a !paralcl career. As early astlie XVIIthl century, Pierrelnag-nol attempted to substitute f;or the ancient nomenclatures a natural classification.
lie sought, in 1689, to distinguish plants according to their principal organs-
tlie roots, tile stems, tlh flowers, tile seeds. But vegetable anatomy was too
little advanced to permit a classification based on the constitution of the most
importtant organs of plants. Botany lhad still to )pass through the artificial
clasiflcations of Tourclfort a(nd Linaeus before arriving at the more perfect
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form which it received from the Jussicns. It was Antoine Laurcent de JIIssillu,
ill effliect, who first clearly apprehended and distinctly declined the principle of
sul,ordination of claracteis. lie based his classification of plants on thle anat-
omnv of the most important appar'atlus ill the vegetable kingdomf-thi apparatus
of reproduction. Hence the munber ot time lob,cs of the vegetable embryo,
that is to say, of the cotildctllo, tile insertion of lthe :amcns in thellower, became
the characters on which is still based the classifications of plants.

Since Cuvier and tlhe JIs,-sieus, zoological nI l botlanical classifications havo
continued to imilrovet; bt naturalists have, on the whole, respected the plan
which hlas been handed down to lithem. Rectilications haveC beClenmade, andllt cer-
tain bIeillgs have been transferred from olne family to another, wit h which they are
more closely allied by essential characters; at other times it has been found
Ilccess'Iry to enllarge tile zoological and botanical outline for the admission of
newly discovered individuals, hbit these partial modifications constitute but It
development of thie fidaental: idea which has remained unchanged: tliohe
nece.ssity, namely, of keeping constantly in view thle classification of beings
according to the most impormUtant cllaracters of their organization.
Anatomy, which had produced these reforms, tias itself advanced to new con-

quests. LUp to our present century it hiad remained purely descriptive-that is
to say, it was limited to indicating' tie formti of tlie orgails considered each in its
owvn l)mass. Thus it. determined the forin of; the bones, of thle muscles, of the
vessels, of thle nerves, &c., whether in mall or ait lower species, or else it com-
paredmentof tilhee arrtIIIemnt (f' these organs in a succession of individuals of thle zoo-

logical series. It was Bichat who impressed on anatomy a new character. lie
created lencral araftoniy, in the sense tllhat he studied te tissues which enter
ititotu t composition o tile organism. 'The extended employment of tlhe micro-
scope gave a vigorous impulsionI totothee studies. 'lhis instrument conterred the
power of discerning distinct and well-defilled elements in those tissues which
h1ad till then appeared hologeneols. The globules of thlie blood, the animal-
cules of tile sperm, the celliules of tlie eitheliumn, tlhe tubes of tile nerves, the
acini of the glands, have beien all revealed to us by the microscope. Timo
knowledge pertaining to these subjects constitutes hiistolo.qg, henceforth insepara-
ble from general anatomy. Transferred to the domain of' comparative analtolly,
histology acquire's a new interest; it shows us that certain elements of' the tis-
sues undergo, like tlle organs themselves, very decided modifications when we

follow them up in animals or plants of different families.
The microscope' further conducts us to ai discovery of great importance, that

of tlie development of (lie germs in aninials and plants. Animal cmlbryvogcnly
constitutes I'new branch of science, with which are connected illustrious names,
almost all being those of1' contemporaries: Von Baer, Graa;f, 'murkinje, (oste.
Nor is vegetable enibryogeny less curious; the intimate phenomena of reproduc-
tiom in thie two kingdoms resemble one another in a striking maninner. The
su')prised observer hesitates in pIron'Oounlling whether lie has not under his eyes
ain animal organism, when lie sees tih antherozoid of certain vegetables agitated
is with spontaneous motion, seeking with persistence the orifice throughI which
it is: destined to pISS, or disengagin:g itself with apparent effort 0from1 the, impedi-
meneits which obstruct it. The two kingdoms thus appear to be confounded in
tlie elemienits of their origin, while they deviate so widely one from the other
when we contemplate theit, only\ as complete beings.

TI'lis collective view o of organized nature, important as it is, still exhibits it to
us only under olne of its aspects. It makes us acquainted with existencies as
regards their form and structure, abstraction beingiimade of what is most essen-
tial iin them; namely, life. We seem to have been traversing an immense.
gallery of' mechlanismns of' greatly varied combinations, some in appearance very

simple, others of an extreme complication ; these of' enormous mi'ass, those of' an
infinite delicacy. But everything here was; mysterious, in its iimnmobility; theo
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ilnagination is lost in conjectures on tile function proper to each. It is now
necessary to sec these things in action, each executing the work for which it is
adapted. The catalogue has beewndrawn u) with sufficient exactness for present
Needs. To-day tle current no longer tends to classification, it is directed to tihe
study of the functions of life; that is to say, thile play of tile organs which anatomy
hiais disclosed to us. This study of the phenomena which take place in living
beings is ordinarily called p/iysiologyl, or, more correctly, biology.

All organized )beings live; animals or plants all accomplish a series of acts
fi'omn their origin to their dissolution ; bllt life is interpreted in them by mani-
festations as varied as their organization itself.

It ma1111 said that biology is tile offspring of anatomy, for it was from time
firm or the organs that. man was first inspired with the comprehension of tlhe
function of each of them. This influence of anatomy gave to biology in tlhe
first instance a deductive character from whlicll, even in our day, it finds diffi-
clldty in disengaging itself. It is true that when we see tihe arrangement of tlhe
articulating surfaces whicl unite tile different parts of the skeleton, we readily
complrehend tie tifunction of those. organs; we see how\ each bone moves upon its
contiguous boane, and this in itself explains tlie varied positions which certain
)ot)tios of tle body may assume. But the action of thlie muscles was much more
dlillicilt to ble comlprehended. Aristotle Ihimlself kew it not. The representa-
tive of ancientscientscience, the fomuider of comUparative anatomy, nmust have con-
stantly observed tle extreme variety of muscular development in different species
of animals, and yet this anatomiical principle conveyed to him no idea of tlio
ftllctioml of the rmuescle. It was reserved for Erasistratts., grandson of Aristotle,
to discover first the elementary fact, that a muscle coltntacts ill order to produce
motion. Trle. r6le of the other organs was still more obscure ; but in regard to
these, not satisfied with ignorance, inquirers accumulated in tile name of science
tlhe most foolish suppositions. TlIe viscera, il particular, were endowed with
singular Iuimctions ; each of them lodged one of tlme properties of the soul. In tlihe
head resided reason, in the heart courage and choler, in tlie liver conlcupiscence,
and so with different organs. Such ideas, of course, could never have been
iin.pired by anatomy, and they had, in effect, another source. Philosophers have
Ilv no means been insensible to the attractions of the mysterious and incompre-
hlensible; psychology is more ancient than the sciences, and Aristotle had
received from Plato a whole system ready made. It was thought indispensable
necessary to lodge three souls in thle humitan body, and each of these had several
propertiCs which could not ble left without a habitat. T'u11ms it is tllhat mystical
tradition has impnlosed even on those who have conscientiously sought to place
themselves in direct relations with nature.

I would have willingly passed in silence these singular tendencies of tlhe
human mind to depart from the domain of real faihts and to yield to thle caprices
of' imagination; but the question relates not to 1,passing errolrorto wlich time has
already ren(leredl justice. The i(eas of Plato have a hundred times changed
their form, but they have been transmitted from age to age ; tlicy prevail at
this day under tile form of vitalism ; that is to say, the doctrine whlichl pretends
to have explained every phenomenon of life when it has pronounced such or such
a phenllommenonl to be tile effect of a particular proper!cof the living being. This
doctrine I shall not stop to combat; quito enough ihas been vainly said in
attempting to conlfute those whlo (do not choose to be convinced. It is safe to
assume, however, that tile vitalistic school is at present cond.emnned for its steril-
ity; that it. loses ground every day, while the number of tloni(e is daily increas-
ing who demand from tlIe rigorous observation of facts and fromi eXlperiment the
solutionlof tlie l)rollems of Iiologuy.

It would be more interesting to follow through its successive stages the devel-
opl'mne:t of the school of experimenters. To find its origin, we must goM lb:lck to
remote periods. Surprising it is, that tlhe two opposite tendencies which lhave
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so long contended for mastery come to us from tile sumoe source. Aristotle, who
elncumlll)ered science with entities uselessly imagined, has )equeathed to us many
exact ideas on tlie nature, whether voluntary or involuntary, of movement, on
tlhe development of the fetus, &c. Erasistratus, who represented vital spirits as

circulating in the arteries, recognized the true nature of tile action of the muscles.
Galein, so much prepossessed with humorist, with the four elements, with the
forces which preside over the functions, was not the less a great experimentalist.
lie alone made more discoveries tltan all his predecessors; lie slowed that it is
with blood that tile arteries and tile heart are filled(; lie pointed out the influence
of thle nerves on the movement of the muscles ; lie recognized the paralysis p'ro-
duced by a lesion of tile spinal marrow. lie realized, in fine, one of the most
striking experiments of physiology, )by showing tliat tlhe section of tlhe recurrent
nerves paralyzes thle larynx and extinguishes the voice.
Soon afterwards all progress is arrested before tile invasion of the barbarians,

aind science remains torpid for 14 centuries. On its revival, the two parties reap-
pear. more opposed than over; with an antagonism more precisely defined, and
each bo)astingL its proper representatives. While Stahll revives tlhe immaterial
principles of' PI'to, 1ofinman vindicates the supremacy of physical laws in tlhe
phenomenaea of life. Establishing themselves on the grand discovery of Harvey,
tlie organicians pl'OCeeCdl to demonstrate tlhe potency of the experimental method.
1Finally, Blle a s, and, reassembling tle materials of physiology, makes of
it a well-deiined science, aind iimpels it onward ill tile path of experiment.

Since this epoch discoveries have rapidly succeeded one another; with each
of thlem tile name of some experimentalist is associated : J. hunter, Bichat, Ma-
ge'ndie, (Cli. Bell, J. Muller, savants whose work has been so ably continued by
our cotemnporaries. Animal physiology hlias reached a very advanced stage, and
onle of' great interest. Having emerged firom that unsatisfactory phase ill which
tile sciences, while in a state of formation, are engaged in accumuhlati, g isolated
facts, and too often in seeking to connect those facts by premature hypothesis, we
are able nlot only to realize tihe principal conditions undtler which certain functions
are performed, but to obtain a view of their relations and reciprocal influences.
In the collective functions of the organism, we discover, in effect, a subordination
such as Cuvier has pointed out in the organs themselves. Thl nervous systellm,
tlIe most constant apparatus in animals, presides over sensibilityvand movemllent,tile two prominent functions in the animal economy. But it, governs also thlu
functions of organic lift-respiration and circulation, which in turn react uponl
the nervous system, so that the knowledge of oe0110 function would not lbe complete
if we did not know at the samo tihe its influence upon tile others.

Vegetable physiology is unfortunately much less advanced ; it can scarcely bo
said to consist of miiore than certain rather vayue ideas. Not only is it true that
we (do not at present understand tlhe general harmon,,M.y of the fillctions of plants;
we have but a very incomplete knowledge of each of those functions in itself.
Tleo j)l/tologists have attempted to model themselves upon the procedure of tiho
zoologists, but without deriving much benefit from tle illitation.
Tie functions of tile vegetable have been ciassed nearly in conformity with

tlIe functions of tile animal, but this assimilation may itself have operated as a
shackle on tile progress of tile science. All tliat lias ,eeii said of tihe circulatio,
inll plants waslwasmainly suggested by ideas borrowed from the circulation in ani-
nials. Thel double current of liquid supposed to ascend by the tulbes of tlio lig-
n111111 and to descend again by those of the latex, would seem, according to modern
authorsl', lbut a false analogy established bet-ween tile )physiology of' animals and
tliat of plants. Vegetable respiration is however better known. The experi-
mLents of Bounet, PIriestley, Senebier, and Ti. dle Saussml'e have established tlioe
important fact, that tihe g'een parts of' vegetables exhale oxygen tender thle inlflu-
eicLc of solar radiation, while, inldarkness, theso same parts disengage carbonic
acid.
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As to other plhienomlena of vegetable physiology, they remain to a great extent
unexpllained. Inquiry is, in a considerable measure, still confined to tlie verifi-
calioll of tlets, (of which thle interpretation hias not vet been furnished. Such for
instance is tie p1'operty possessed by the', root and tie stalk of vegetables, tie

ice ,of diro',ttii.g itself inl accordance with tlie terrestrial attr-action, tihe other of
re':iriLng itself ill tlte inverse direction of that attraction..-ngeniious experhnlets
were institlted lyv .J. Hunter andt Knight with a view to arrive at thle solution
,of this pr1dlemt, but the results obtained by 'these experiimentalists have proved
insltlicinlit to e::phl:,. the factts. The action also which thle light exerts upon
plants in curving their brauoches, thie tendency which certain plants manifest to
twine thelmiselves always in thle same direction, to tile right in tlhe case of sonime,
to tlie left in,the case of others, are facts ascertained but not explained. ]n a

word, vegetable phI'siologry is a science which is inl process of formation, but is
far from having attained tile dengtree of development presented at this day by
nimtal p'lhysiology.

In this rapid review, I have attempted to indicate the principal phases of tlihe
evolution of the natural sciences ; their succession mnst doubtless take place ill
an order which may le pronounced necessary, each phase preparing the way flor
another, and rendering possible aitdl productive researches which would previ-
ously have been premature. At. tlie same time, ti lfacts would certainly hie
strained did we pretend to exhibit a succession of well-defined epochs, each exclu-
sively devoted to t tle elahoriatio of one of tie litiks of this long clhaini. It is
not. tle less true however, that the hm111111In mind, ill tie evolution of thle natiurali
sciences,l]as pluirsuied in general tile col'.se above indicated, a course which we
can trace in tile advancement of all the sciences which dlepeld upon observation
and experiment.

Auguiste Comte, a philosopher whose doctrines have given rise, of late years,
to so muchlt discussion,ihas established a fact on which almost all parties are in
accord. It is this: that the sciences which mayble considered as havil._ readced
an advanced stage of imturity have passed through three sliccessive phases
onle fhelon(fical, another melaphysical, the last positive. By this it is mlieant that
manit, ill presee of the plihenlmi(ena of nature, lhas been led in tile first instance
to suppose tlhe influence of soItme divinity as thle perma:llent cause of what lie wit-
nessed ; that still later certain hidden or orpropertainhiddensor properties were imagined as gov-
erning matter in all its manifestations of activity ; that subsequently, having
becom(te wise enough to resist the allurements of imagination, thle authority of tlhe
ancients and(l tilhe influence of routine, inquirers have taken the part of accepting
llhing as true but what al)peare(l suscehptiblle of being demonstrate( ; of renoun-
cing tlie search for first causes, ann of' direetingr their attention exclusively to theo
verification of facts and tile deduction of laws under the control of experience.

I advance no pretensions to modify this formula so ingeniously pro)potided by
Atuguste Comite, still less would i venture to substitute another. But.p]laciiig
myself at tile more restricted point of view of the sciences which have for their
object tliohe facts (of nature, I think it competent still further to suibdivide and
specify the phases of their evolution, and to say that in all these sciences we may
distinguishh at certain number of periods, each corresponding to <a certain stage
in their development. We should thus have, first thie( period of nomenclature,
next tliat of' tlie natural classification of beings ; still later tlie anal ytic study of
natural characters would be developed, to be followed biy thie study (of phhenonenia,
leading finally to the establishment of general laws.
To show tliat tle hutmian Iidl(1 has always )pr'OCCeedC l bv these steps, I shall

not multiply examples, but will take tle most general of all. 1 borrow it from
tlhe science which, in virtue of its coinprehensiveniess, takes precedence of all others,
thie science of the universe or cosmos, of' tlhe great whole.
We see the imllmensity of space l)eopled with objects each of which is an oirb

or heavenly body, and tihe first iImpuIlse of mankind( was the desire to enumriato



NATURAL HISTORY OF ORGANIZED BODIES. 283

them. Artificial groups or constellations were first established, constituting a
tnrue nomenclature of tlie stars. Afterwards tlhe effort was to classify them, and
tlie stars which appear fixed' were distinguished from those which exhibit move-

mlent; among these last again, the planets, the comets, and the asteroids were to
be distinguished before tlie immutable laws of tle planetary movements could b)o
discovered. In this classification the terrestrial globe became an individual per-
taining thtle genus planet, and a member of' that class called the solar SysteCm.
It will be seen ftirtler, thatthae earlih, considered individually, was submitted to
the same analysis as tliche individuals which pertain to tile organized world. Thus
the earth has its descriptive nato)my ; it is tlie physical geography which teaches
us the general arrangement of tlio planet, its doIblie polar oblateness the con-
figriration of the land and seas, the altitude of tlhe ground and depth of tlie waters
in different places, tile course of the rivers which traverse the terrestrial surface
like thle veins in our organs. The earth has also its anatonmoqfstricture. This
is represented by geology, properly so called, which, according to tile composi-
tion or arrangement of tile formations, refers them to different types: as is done
with regard to the living tissues. Thie geologist, like thle anatomist, does not
confine himself to tlie exterior appearance, but subjects each part. to chemical
analysis, explores the densities and cohesion, observes with the Inicroscope tlme
details. of structure, &c. .Lnbryogeny itself finds its analogue in the science
which is occupied witli tlche evolution of our globe and the genesis of tlie ditler-
cut terrestrial strata. On one part and tle other, we have tiee same method, tile
same induction from what is passing under our eyes to what must have passed
at an epoch inaccessible to our observation.
Thus we observe, in regard to the material study of our planet, a strikingsimilitude between tlie methods employed and those to which naturalists have

recourse for the study of organized beings. Without forcing tile comparison, it
mayv be carried even further. The earthly has functions; there are phenomena
which like place in it that bear an analogy to actail life. As thle moon hlas been
called the cadaror of a planet, it may be said that tile earth is a living planet.
Under this point of view, we shall see that it has also its pl/siolog/y.

It is nieteorology whicli reveals to us thie functions of oni' planet. In thie inge-
nious treatise lately published on this subject by M. Mariii-Davy, there may bo
found a particularly vivid picture of that perl'petual circulation of tlie waters which,
quitting tlihe sea under thie form of vapor, rise into the atllosl)here only to be con-
(dlnsed in clouds, and, falling again upon the earth, are borne lby the brooks and
rivers to the sea from which they were separated. Tle atmnosplhere is tIhe seat
of aln analogous aerial circulation ; tle equatorial zone is tlihe common goal of
the lower trade-winds, as it is tlie point of departure of tile winds of an opposite
direction, tile upper trade-winds, which flow thence to tile polar regions, whence
they will again return towards tilhe equator. The distribution of terrestrial beat
presents a perfect resemblance to that of animal Ileat; tile same tendency on
either part to tile refrigeration of tile points remote from tlme central reionll; tlo
same transference of caloric by the circulation of heated liquids. Could we enter
here upon thle study of thie distribution of tile aniinmal temperature, it would boe
seen tllat the analogies are still more striking than tile present occasion permits
us to demonstrate.

If I have dwelt at some length on this retrospective survey of thie progress of
tile sciences, it. is because I have thought that much instruction mliglt 1le found
therein for those who are seeking to advance them' ; and should I have succeeded
in showing tliat the nletlods followed are always nearly thle same, tile history
of the progress acliieved may enlighten us as to tile value of' each of those methods.
Thous, as 1 said in comlmencing, the experience acquired by our predecessors will
serve to conduct us ill tile new route whlichl we shall have to traverse. Tliat
route is plainly traced; it is easy to see tliat tile tendency is no longer to classi-
fications, whicli will, of themselves, become perfect ullnder the iniluenlce of ultc-
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rir discoveries respecting tle functions of animals and plants. Nor-yet is the
actual tendncyv, as it seems, to descriptive studies. At tlle poilt which anatomy
las reached, Iwhat is rather to be apprehended is confusion, through the munlti-
plicity of minute details. Our science is already encumbered with descriptions
vhlich the lif i'o one manl would not suffice to master.
To this it mllay 1)e answered that it is lprecisely to remedy this obstrnction that

trecolurse is l1ad to t division of labor; tliat, by \virtueCof this expedient, we may
look with confidence to the indefinite increase of human science, each ramifiaed
tion of which will be developed by the assiduity of inquirers devoted exclusively
to somel speciality. But can it be necessary to show how much such a state of
things is to 1)e dcprecatetd ? 'hic morel thoroughly any point of science is inves-
tigratedl the more ntmnlerous andl intimate are found to 1)e its connections with all
others. Need we recall tile ;services which zoology and botany have rendered
to geology, the utility of chem-istry and physics to those who cultivate anatomy
orl p1lhsiology'? So much for the solidarity, tile inter-dependence of tlhe sciences,
ill view of tle means of study anl( tlhe furltlherance of one through the other;
a like soli daritv is fotnd ill regardtl to the laws which govern them.

cEveryla, when once known, throws light on a vlast field, for it controls n

great numm1 r of' )phe(iomllena. The law of proportionality to the squares a)plies
lot olly tto tlhegravitation of tie heavenly bodies, but to light, electricity,Img-
lictic atttraction, accelerated movement ,&c. Chemical lawsen'abll)e us to foresee
a great 11numbe11' of p)lenomnll which nIo one has yet attempted to realize.

I'f all tle sciences allowed of' our evolving, from this time forward, precise
l:\\s, it would lie (easy foris to colllline in i gra'ndl assembllage all dispersed
flicts; a single ,iuid mighllt embrace in their genIerality all h11uml1an cognition1s;
\wlIlt thle sages of ailti(qlity cou(l not realize by reason of tle narrow extent of
their knowledge, would be accomplished to-day on a field muchmore vast,
lthainks to the excellence and simplicity of method. This ideal, which however
we aslall never attain, should at least be the star which serves us for v, guide;
it is to tle research of' the laws of life that it behooves us henceforth to dirtet
ol111 eCar1'nst attention.

II.-0OFFICE, OF ANALYSIS IN TEII SCIENCE'S.-POWER WHICH II" DEIT.IES
FlROM T'IE]LEMPLOYMENT OF (;IEATLY IMI'ROVED INSTRUMENTS.

I have endeavored to show that the11huuman mind proceeds in all the sciences
aftel nearly tile same manner, so that, as regards each of them, progress is rep-
resented by 1an evolution strikingly similar. I hope to prove also that tlho
sciences, in tile process of their development, tend to an approximation towards
one another, resulting in their reciprocal advancement, since each of them sheds
lightlpon tile other. Zoology and botany, it is obvious, have furnished to
geology an inestimable element of progress, by disclosing one of tlhe most indis-
pensable characters for recognizing tlie relative age of different formations. This
character is derived from tilel determination of' fossil species, some of which
characterize, so topeak, certain geological epochs.

Phlsics and chemistry havel so many points of contact that it is almost
superilulous to mention them; tile time may be foreseen when these two
sciences can be no longer separated, chemistry constituting, in eflict, only
molecular physics. But!physics and chemistry exert on tile other hand an ever-

increasi;ng ifllueitce on thle na1tu'al sciences. Neither animal nor vegetable
physiology can dispense with their aid; it may even be said that all that we
kilow accurately ill these two sciences is what is explained by means of tloe
laws of physics and chemistry.l;Examples \would present themselves in crowds
were itrlequisite tofunIish them. ThusthlemIechanlical phenomena of respira-
tion were militelligiblebefore atmospheric pressure had been discovered. Anato-
mists and physiologists were surprised to see the air rush into the pleura when"""" ""1~'~·-'V\'
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tho diaphragm or walls of tlle breast of all animal, alive or dead, were pierced;
there is now nothing obscure in tlhe nature of this effect. Tile same causo
exphlins also many phenomena relating to the exchange incessantly produced
between the gases of thel blood andl the atmospheric air, the action of respiration
on the course of the blood, &c. Mechanics eluciidat ,s hle muscular lphlenomena,
and in general all tlhe movements produced by animal; Tlhe circulation of the
blood borrows from hydrodynamics tlie explanation o' everything relating to tile
movement of the sanguineous fluid. Without chemistry, what ideas could we

)possess respecting the digestive functions, the offices of respiration, tile function
of the glands? Optics and acoustics are treated, in tile works on physiology, in
the same manner as in tlose on physics. Finally, the laws of electricity acquire
everyy (lay more :rnportance in tihe interpretation of the nervous l)henomlena.

All this proves tile reciprocal dependence (solidarity) of tle sciences; it shows
that it is necessary to separate them as little as possible, that the tendency should
hc to their simplification, to tle, reduction into general laws in order to render
them easily accessible to every one.
A very important point, for it is decisive of success or failure in scientific

researches, is the choice of a good method. On this subject it is necessary to
be guarded against a very common error. We become habituated generally by
tlhe usual processes of demonstration to pass from tile simple to tlie composite,
to start fiom a. well established principlesin order to arrive, from one deduction
to another, at tile demonstration of more complex propositions. It is in this way
that the theorems of geometry are successfully demonstrated(; but is it by this
method that a science is established? Par otherwise; nor (lo those who make
discoveries in the natural sciences proceed in this manner. T}heGy observe a
great number of facts compare them, place them side by side, seek the condi-
tions whicli modify eacl phenomenon, an(} succeed only in tlhe last place inl
finding a principle or a law wlicli may guide tlio understanding in tile midst of
an embarrassing complexity.

Medicine, a science which touches us so nearly, since it. deals with the troubles
which occur in the functions of life, was long misled by that fhlse mIethlod
which generates systems. Starting from a principle supposed to be true, it pro-
ceeded with tile most irreproachable logic to leap deductions upon deductions,
till tlhe moment when error became so obvious that tile whole fhlbric collapsed
at once, and tile work was to be commenced anew. It was a pure metaphor
that wrought the evil: " It was proposed to construct thesicence, and a corner-
stone was to 1)e sought to support the edifice." But by what right, among so
many materials, was one stone to be taken for this purpose sooner than another ?
By w'hat token was it to be recognized as the real base of the structure ? Cer-
tainly, by none. If there must be a metaphor, I would prefer to compare tlio
study of tlhe natural sciences to the labor of tile archeologists in deciphering
inscritions traced in an unknown language. lThey try, turn by turn, several
senses for each sign ; they seek assistance at tle same time from tlhe conditions
under which each inscription has been found, and from tlne analogy it presents
with inscriptions already known, and they arrive only in tile last place at a

knowledge of the principles byswhicll they tachl others to decipher tlh strange
language.

In every science progress is only to be obtained by the employment of certain pro-
ccsses whicli act like powerful levers in the service of tlie human mind: analysis,
whlicll serves for research, and synthesis, which is employed to verify the results
of analysis, or to set in a more simple light a truth already discovered. But
everything is susceptible of improvement, even the means which are at our dis-
posal for tle realization of further progress. I propose, therefore, summarily
to state tlhe present resources of analysis and synthesis, instruments which are
so constantly to bo handled by the teachers as well as cultivators of science.

Analysis consists in reducing to its most simple elements a phenomenon too
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complex to lie otherwise comlprehended. If the multiplicity of simultaneous
incidents perplexes our understanding, we endeavor to abstract one of thleso
incidents, observe it as exactly as possible, then, passing to another, study it in
the same manner. In thbus overcoming successively tio dilliculties which pre-
sent themselves, and which in combilnation exceed o0111 efforts at comprehension,
consists the function bf analysis, and it is this which constitutes the source of its
power.

1Bu1t, in this conflict of details, difficulties of another order still present them-
selves. These arise from the insufficiency of our senses, baffllled alike by objects
too small or too large, too near or too remote, as well as by movements too slow
or too rapid. Ma'n has found the meaiis of creating for himself more powerfill
senses ill order to detect tile truth which evades him. lie has rendered his
vision more penetrating by help of the telescope which sounds the immensity of
space,a:md of thie microscope which explores tie infinitely little. Balance and
coP",ass ill hand, lie estimates with precision the weight and volume of bodies,
which his touch indicated to him inl only a rough manner. The more advanced
tlihe state of any science, thie more it hlas need of instruments, for it has passed
beyond thle horizon embraced by the unassisted view of our predecessors. It
hlais transcended thie limits of the circle in which thie human intellect was so
long exercised, while exhausting itself in contemplating thle surface of the same
objects and consuming in sterile dialectics the power which to-day it employs il
rigHorous observation.

Instruments are the indispensable intermediaries between mind and matter;
thle physicist, tlie chemist, tlie astronomer can effect but little without their suc-
cor ; the anatomist, the physiologist, the physician have recourse to tliem as

indispensable to thle progress of medical science. T'he invention of ctadaveric
injections and that of tile microscope have inaugurated a new era for anatomy,
which owes to tile use of these expedients the comparative perfection which
it ]Its attained in our day. Thle slame is tlhe case with plysiolo-gy; it is
to the manometer, the thermometer, to electric machines of various coMnitruction,
applarattus for registering, &c., that the physiologist is indebted for the power
of suitbstituting experimentation, in its proper sense, for observation, always
slower and often powerless to discoverto discover the laws which govern life.
To show the progress already realized in the method of'analysis, and to mark

tIle multiplicity of resources of whiich it imay avail itself, we take a few
examples:

In chemistry, when the object is tc recognize the nature of certain bodies
wlich enter into a combination or mixture, we prOceed, by qualitative analysis,
to disengage each of these bodies and to isolate tliemin Suiccessively. 'Th' , y
qfjaiitil(tice analysis, we determine ill what Iquantity each substance(.:5tcilin
the mixture. Int making this discrimination, the balance is at our service.
'lPhi, we. see, is an allpparatus borrowed f'omln physics wlliei enables the chemist
to arrive at exact determinations. But tlhe helpful intervention of physics stops
not there. In virtue of that solidarity of thiu sciences, of whlichi I have before
spoken, the chemist resorts to the physicist fior the aid of still other instruments.
If, for instance, we have the solution of a known salt whose degedegree of concen-
tration we would ascertain, there is no need to destroy tlhe mixture aind
extract the salt, in order afterwards to weigh it; we seek, by means of the are-

omercl, thle density of the mixture, and1, knowing tie density proper to the salt,
it is easy to calculate the quantity contained ill the solution. If ill another
solution substances exist which are crystallizablle together with others which are
not so, time uIse of tlie diUlyscr) enables us to effect their separation. This again
is an apparatus () physics placed at the service of chemistry. Tie pultmimclcr
is also of great utility. It enables ius to appreciate in an instant the existence
(of certain substances contained ill a solution, and to determine their proportions
with rigorous exactness. Lastly, the spcctros'cp) contributes a new power to
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chelmitryv: it Ihas extended the domlai of chemical analysis beyond t11e world
vwc inhait) lbv enabliin" uI,, flroll ithe optical pro)perhties ot' tlie liilt of tile stars;,
to dleieiriiie their cliemical compoisitioni, and to atlinn, for example, that in lihe

,1111 there i,,ust l)e irnl,, iltro(',ie, cobalt, &c.; iln til(, star Aldelbaran, sodium,
i'ii'u-lIiii) ('aleilull) ii011,inerciury, iydro'(gCen, &c. ThuI s science', )by In'tanso1'
'm:aIlysis, lias realized wo(idler..swhich the most daring ilmaginaltion would have
lt'v('Ir v.iittli'ed to co('Onceive.

II,py::ics, tlie flunctionls of analysis are not less extensive. It is by employv-
i: difFllerent kinds of applaratuils, each of which reveals certain properties('of elc-
licity', lig'lit, hiea't, &c., that we hiaveCseeded( iln florinig an i(d'a of, tlie aman-
ill ill w\\ic] tlI(se : elits act in natie. The physicist renounces tih idea of
:;cet.it:itinih' t1eir.'esse-nce 'oswe leInimilco a knowledge of thle ess(.ence (f' life,
:,i: content to describe each agent according to its nmnifestations. El'ctri-

city, whiichi reveals itself to us itn great ileteorolog'oical effects, ill tilhe 'rodulctimlo
(,t lightning and 1,ireal auroras, for instance, everywhere else evadel(ls o1' per-
(.cpplh'l, and yet it is demloistrable thlat everywhere in nature electricity exists.
T'l' cl,'c('iosc(r c discloses it in tite atnloslphere which surrounds us. The f)ui'ran-
ewcr shoums us that electric cIm'renlts are finned, so to sav, wherever an act of
.I physical nature is accomplished: water which evaporates, a plant which vege-
tati',: an animal which lives, gi,,ve rise to electric phenomena which (our,senises
cannot directly perceive, litt which we render perceptible by means of' instru-
ments of analysis. Suchl expressions as electric currents, c'cctro-molireJborces,
.'ifssi[// amid tension of electricity, are artifices of language which enable us to
co'ce'ive more readily thle conditions under which tlhe phenomena called elec-
trical are produced alnd miodilied. But ill proportion as kno-wn faicts bIecome
multipliedl by analytic researches, science is seen to disengage itself from the
unlt.,igti(es of' lang'ltae and to aceriice ti(he. expressions which are no longer
sifctul to it. It. is tinis that ilte hypothesis of two electric fluidtl, tile oil.postirirc,
tie itlir)c(1il'c, is tnidin..'g a:t p)1rese:t to disa)pp)ear'.
What we know regarding 1flhl thas been acquiredi by tlie same method : we

have !ear:nd to)decompose it 1,y tinlpJrismn into its dilffereiit elements ; some col-
,red in dillerenti mannmers, others invisible, but ended with heat or chemical
p'lp'ertics. 'I'lhe theory of light furnishes us with a good (example of tlie dis-
alplecarance of an hypothesis in thle presence of contradictory facts. We knto\w
that tlie ihypotlesis of radiation ihas vanished bieflore tlie lphlenomenon, of' intecr-
i(Tences, atnd has given place:to the tlieory of' undulations, which alo(le explains
all the phenonenai. actually hiiown.

Fli hl,;physical agents ,become characterized every day in a lore corlpleto
illnii,('11:ald are more and imore acctu'ately deteriinimed l)y thlie (characters wiicli
their analysis discloses. I shall not attempt to follow lieplrc. ress rea:lized.lIy
th(e analytic method ii, the knowledge of' magletism, heat, mnechlanical f.,rc', &c.
1 conlfiniemlvself' to tie state'illeient already n111(le that the soli(daritv of tho
.'i(.cic.s cotistantly augments iln proportion to tlie progress realized. Fi'r tit(e
'.ili.-.ent branchess of, physics tihe fusion is evidently taking pha(:e in o01' own day.
It i isinterpreted to us by thle prfotid conception o(f tie( cquicfl/ni'

,

! ,f;rcC3e
'*,,' f tihe tra'tnsfornmatioin of mi(eclanic:al labor into heat or into el(ectricitv.

Th:e inatmalist whlio is not content with observing tlie forms, however varu'ied,
1'r.t,'tii.lizatiol illanimalsan:d plants, Inmst piroce(:e( like lle physicist andl them-

i-'t, if' lie desires to discover (Ihe conditions of life. Iiis first means for lie
;tiald:y.-i s i'phleniomena is r'iscctlion. It is thlrotilli this that lie becoiiies a wit-
il' tlli' m'comllishimenit (of lituctlioins; all that is visilh' andt palpable iln lie

1l4ay (i' Ihe i'_ui'sisi'erv'aled to litilIby tlis (oatumioi(onimti{(a, li; it was 'alled
Ivy Liler'. (O)I this lead I could say iothilng which will not be found iioreo

: ;lC'etentit h Ntatedt ill the v:luatle treatise (,f M. CUI. B1ernard (Intro(dl'tluu (It
Il1!ciL'ine c.:lI;)'imnc'lthlc.) In this work Imlay be seen everything relative to lphy-
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Biological experiment, while excellent advice is given regarding tihe disposition
of Iind which it is necessary to bring to tlie study of biology.

lhit, of itself alone, vivisection is insutticient for this pursuit; it can do no more,
so to sto. ay, t ,lay iare the phenomenon simultaneously with the or.Ian which
is thle seat of it; it reveals to our senses only what they :are capable of ,erceiv-
inlt. Now, we have seen that in physics our senses teach us very littl(, and that
it is necessary, at every step, to have recoi'rse: to apparatus for analyzing tihe
more delicate phenomena. T'lie same is tlihe case in biology. The electrical
phen,,omenra which take place in animals are, in certain cases, directly percepti-
Ide. The commotion produced by the torpedo and gymnotus have beeen known
from antiquity, but tile most sensitive galvanometers have been needed to detect
those electric modifications, weak and yetso we:imimportant, which accompany the
nervous alnd imuscuilar sections. Dn Bois-Rleymond and his successors have
made known to us an entire new phase of physiology, and one of tile mn,,st
interesting kind. Optical apparatus is indispensable for the exploration of the
injte1riof, the ee as well a for tle (leicatemeasorementoftedelicatemeasurement of te cvatres of
each of tilhe refractive mediums whlichl compose it. Thus, while dissection
teaches us certain details of tlhe organization, it would nevertheless deceive us
by destroying the normal disposition of the parts, had we not thie means of
studying thie living apparatus in situ.

Anatolmy shows us tle organs with a definite form and volume; pIhysiology,
on tile contrary, teaches uss thlt most of the organs present, il tile actions (iof life,
changes both of form and volutine, a few of which only can be easily perceived.
WVe must resort to instrumental aid for tlio demonstration of changes too (deli-
cate for naked vision. Now, micromcfry, as is well known, lhas attained an
extraordinary precisioll in tlie determination of tlie diameters of objects extremely
linulute ; it constitutes one of tle pr'incip)al resources at the disposal of histology,
and enables it, in effect, to assign to each element its normal dialneter, wilich is
one of its imllportant characteristics.
As there exists, then, a micrometry by which we can measure the slightest

changes in tile volume of tile organs in living animals, I deem it tile Imoro
important to indicate tihe apparatus destined folr t hispurpose, since it is still lint
little employed, tlhotgh possessing',in certain cases, very great utility. It will ie
remleelt.er(d thlat discussions were heretofore maintained r(spectinlg thlie (dilattation
of tile arteries uhnderl eothe lafxllx ot ite blood propelled into the 1,by thie contrac-
tionl of the ventricle. Some writers contenlhed tliat tlie arterial system nilakes
room for tile sanmguineous wave by means of an elongation sustained biy tile ves-

sels, while otherst houghtouglt tht te arteries, ill this act, dilute and Icngthen at
thle sanme time.

rTJo resolve this question, M. Flourens conceived tlihe idea of encircling tihe
artery of a living animal with an interrupted r'ing formedlof an elastic spring, which
would yield to thedi'hlatation of the artery and manifest it by tlhe separationl of tihe
two elnds of thle ring. lThis separation takes place, in ell'ect, whenever a new dis-
charge of blood is received f'roml the heart. But the method is not wholly free Irmi
objection. If we suppose the lprecrure of the elastic ring to lproldue: a slight.
coilstriclion of tile vessel, thle latter may simply recover its normal dimenlsiomn,
and1 in this waiy, without iindergoing dilatation, would separate tlhe ends of tlte
ring which compressed it. M. Joiseuille employed a more rigorous method,
which consists ill placing the artery which we propose to examiuine in a small
box with rigidt walls, pierced oni one side and tlhe other by a suitable hole. In
this box thle artery is maintained at such a degree of tension as to lprecllde ainy
liability to emlongation thromigh Ipr'essure of the blood. The box is filled with
liquid, and is furnisihed at some point in its walls with a capillary tube ill lwhiichi
tlihe liquid ascends to a determinate level. If the blood-vessel thus enclosed
undergoes the slightest augmentation of diameter, it necessarily displaces tlhe
liquid of the box, and the level in thle capillary tube is seen to rise or descend,
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according as tile diameter of the vessel is increased or diminished. This method
is susceptible of a great ninmber of applications ; it enables us to show that all
(lie vascular organs undergo, at each sanguineous discharge from the heart, a
distension followed !yv contraction, similar to that presented, in a higliher degree,
|by the erectile tissues. But this mllode of examination is not new; there imay lbe

-CnII in t(le works of Swallmerdaim the description of an apparatus very analo-
gous to) tile one in question, and destined to determine whether a muscle in con-
tractihll uiidergoes a change of volume.

()t' all tihel)heinllna which characterize life, movement is the most import-
ant; it llmay )be said, indeed, that in general it is movement which gives their
(listiinctive character to all tlie flunetions; now1 it is under this aspect that tlie
phenomena of animal life can be analyzed at present with the most adinirable
Iprecisio inlthe three cor'elative elements of dluration, rftenft, and force. We are
hut little capable of appreciating duration with exactness, especially that which
is very lhor't, and we generally consider as instantaneous such plhe(nomoena as

occupy a space of time shorter tiha 't he0alfor quarter of a secoml. For t lie
ali)(e r'easo)n wO asseII tlie synclhronism of two acts which follow onem another at
a short interval. But clroomc/chtr lasm'ade so Ilmuch progress of late that we
can nowiMeasure h(lieshortest duratiojns, thanks to tihe apparatus employed by
tli( physicists. Thle velocity of projectiles, of light, of electricity, is readily
redncedl to nileasulrellent!, an1d Inothiing prevents thle application ill general o)I' (lie,,iie methods to tlie still shorter du'ations of'plhysiologicatl acts. 'The ext:int (if
a movement is Susceptible of very exact appreciation, provided thie movement fuir-
nIislihes a trace which may be afterwards sulbmlitted to the estimates of,' micronmetrv.
Th'ie idea of frnce lias recetlllyIndergone anll important modification; it has h!en
rduiiced to that of labor accomplished, and is referable hencef'orIh to a determlinate
standard. the/kilhogr'wmmh'Le and its divisions. We find ourselves theIefore in
ossessioir ate erofcc teins comparison, anld should elimlillate ill fultlure ever

va".iie expression relative to movement. 'We slhoild characterized it il (vrv('vcase
accori'dilig to its durationl referred to the second of time its extent in teris of tlI
IMetre ori its faction, its force as exl)rcssed il kilogram rs. lr a still more
Complete, conception is that which fui'ther charallcterize.s a llo(ve(ient bIv its f;,Nm;
that is to :say, which tes acontoftakesac n tof (liflierent p)hasI'es ,f t' mIvelleint. stand
110 loIngeI'r olily of' its co'llimll lceillc ellt anid (e11(1, its maxilmllx i dlillia 1llditiiniii, hbut
whichde{('t( rmiellsalt l t lie iti(ernlediale states. i tlch is tlie rslilt ob,! tltiedI bv (li
rfllhic meI/tIod, to which I shall]have oc('asion els(wlerv( to call attellntlion, ,as
fii'miishing of itself the solutionon of a great 11uiniber of' problems of' th hi_'liestt
iimpo'rt a iice.
Mloveiment, before being executed, is, so to say, potentially contained in ce'rlain

Causes whichiiprodce it: wcilqh, (t'lasiicit/i, tlie jrcss';rer of Ia liquidi, lltf( I'n.sion
of a gas. W/o now knolw how to appreciate these. forces, which imavy be c(.alled
virtual. It is statics which Imeasur.es th(llmei, and introduces into thecuir mleasur(e-
meint tliat rigorous exacttness which tends at 'seiltesentt1((co m( general. The
appllicat iom (of the ;anometer, to thle valuatiollof lihe lpressureeof'i(ll(i' lod, of ite
thor'tcie aspiration, of the force with whliliethlie glandular reservoirs ('otlract, is at
filrlt her step in thle progress of our' epoch.

Ift' have hero given ibut a rapid and incomplete enumeration of all these(, exact
processes and their appropriate aipparatus, it is because th(lie occasion will here-
ifterpresent itself, in my collegiate course, of descriliing them moree compiletely,itid of more fully exemplifying their value. I have aimed to show i tlhe first

place the resources which we have at our disposal, and to prove especially that
it is liv drawing more closely its relatltionls with tie other sciences, thliat biology
has become progressive and will continue to progress. Now tliat weav'', !"i,)-
vided with new means for attenmp)ting thie solution of the problems of' life, wve
may resume the researches in which oir predecessors have been foiled. A
sil,ject which might. be supposed to be exhalstled becol(mes once more a f'.rtile

19 s
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field for study, if we acquire now processes with which to explore it. It is
clielly when wo recur to ancient experiments that we ar'o struck with the pru-
g're;'s which hais beenI realized. WVe ,Iighit almllost Ie disposed to Condemini ith
,arriTowl:ess o)' view of tlhe old experimenters, ir' we did not revert in thought to
lie lpoli \\ he,, they lived, and to the exiguity of the means of analysis of which
they couihl avail themselves.

.till.another reason necessitates thle employment of apparatus in physiology.
Eve,, iln the cases ill which vivisection rei'veals to us important facts, it induces

itchi extrellme perturbaItions in tlhe fullictiolls of life as greatly to modify them
and to convey a tfalso idea, if the ntorimal expression of' their function be assumed
to Ibe exhibited in ally pIhelome'iion which we may thus witness. To take an

example, tihe case may be cited when tihe section of tlhe spinal marrow is per-
Iirmed on anan animal, and artificial respiration is practiced inl order to maintain
oirgaic, life as long as poss'illo. Under these conditions the phenomena of cir-
culation dll(erlIg so profol;,d it modifications that we should i)o oi oiur guard
agaltist tl' false ideas which may lie drawn from thel experimenllt. The rapidity
o,,itheclin',-,t (,f the ,l,,d becoiies excessive, th llpilsatioiis (f the lhea,'t Itro
:W'celeratlcd, the central tcilperalt'reo is lowered, while thle peripheral temper,'aturo
i}e:s. TIhe plihyiologist should, therefore, endeavor to inflict on thle animal
which,li is examining as little ,,mutilatioln as possible, ii lie would obtain an
exact idla,: of tlie nolral(.o,,ditiois of tl, circulation of thie lood( and the
anliimal tlipe'rature. We know, Ilmoreover, tliat tlie secretion of the glands,
,nlder l,,orm',al conditions, diflers ,incih froim that which wo collect by artificial
111means. Thus the panIcreatic jlice derived froim aIll,iltnil illn which ail Openling
lhas l,ceei ellectedl differs chemically from that which the gland discl'harges no1'r-
,maalv into the du,,odenma. It would not b)e di(lichult to iIIultiply texalmpIles show-
illgIhow necessary it is to leave tlih alillal ill its normal condition ii' we would
Dlot have thle funtllion interfered with; but this is only attainable by means l' tlhe
dillifreit ald delicate apparatus of \whliicl some portions are above enumerated.

Amiolthcr cause:often obliges us t(o reiounle vivisection, anll to sulbstituite thie
use1 ('of ,lpparat,,s: it is tile necessity of directly studying tlhe humall physihilgy.
(f' all tlice beings whose organization amnd functions science hall essayed to inves-
tigate, ian lilts leei tlhe most frequent ob,!ject of study. It is the Ihuanl \plhy-.
si,loIgy which serves, so to speak, tIs a type flr that of thle whole aiiial

NeverthIeless, if it is true that our own organism anid functioims seem to

)pres(t.lt tlhe most complete model of anii,,al orgatizatio,) it is not less true that
cei'tain organs, as well as certain, fi'unctiolls, are, ill us, less sharply chnaraceterized
hian il tile lower order of beiin-gs. Ilence it is of tihe greatest importance to

follow, Iby analysis, each of t lie plhienoia,'of life in tlio wiol series of' living
,ei gs, ior at least in the principal'l types, with a view to( ascertai,,ig what are

the different processes which nature employs in order to arrive at her end, tlhe
li!'e of the individual and of the species. Silence the oGrigin anld object of cum-
)ifa'(ri'e lphylsiology.

It is to, the human being, however, his organlls and his filnctiolns, that the
greater number of investigation, s is at the present day directed. And, as all
rcisourVes ailre to le laidiunider contrl'ibition ill tihe, pIrosecution of our olject, we

,mlay soe(iitilies borrow aidifl''omi the science of Imdicine, which find inl the study
iof maladies certain conditions not always to bie realized lby experiment. It
ix not to be forgotten, however, that ,iediciie is not ti;e basis of biolorgy,
thtogh1, in ani utilitarian point of view, it imay be its end. In such inquiries las
we ai'e liowi p!ursuiing, it is but one nicans thie more of analyzing tihe condition
which iodlif' the funictios of life, a11(1 of' arriving at a better determ'illatio(l of
tlihe laws which regulate those ftilcitions. Ini order to give an idea of the
influence which medicine has hiad on tihe knowledge of the, organism,n I need
but recall that it was inl a case where a perforation of the thoracic walls had
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occurred that Harvey observed tle beatings of tle heart; and in another,
where a gastric fistula h:d been formed, that Beaumont conducted Ilis memor-
able studies on digestion. The vices of congenital conformation furnish us
with numerous indications, not only on tihe suljcct of cmbryoyqcny, but also in
relation to certain functions, such as those of tlie nervous system, respiration,
and circulation, which produce tile movements of tlhe cel)aloracuhidinu liquid, &c.
The above is utlit a stumary statement of tlhe means of analysis at our dis-

posal at tle present time. Our resources, it will be seen,( are great, andl furnish
a guarantee of success in researches yet to bo undertaken. 1 would repeat, in
concllusion, wlat I have before said, that progress is visibly taking placc through
the fision of the sciences, andl for us, naturalists anid biologists, resolves itself
into tle facilities which we every day derive from physics an1d chemistry.
The time will come, no doubt, whlen we sliall be able ill our turn to furnish to
those sciences Inew (elnemets of progress. But, foi tile moment, we are their
debtors, for the reason tlat the physical and chemical sciences, more simple than
(our, and llog disengaged from tlie lad methods by which we have been misled,
are to-day more advanced tllan biology, ill the sense that they arrive more readily
nt exact ideas of tlhe pllhenollmlla which they study. It is only after having
fruitlessvl e1pllo))ed in tlo ihtudy of tlhe phenomena of life tle methods suppl)lied
1y physics nlll chiemiistry that we shall have any right to invoke the intervention
of ext ra-lphysical causes for thle (explanation of tle vital phenomena ; and it is
not dilflicllt to see how far we are from havingi exhausted the resources which
physical and cheInlicll analysis now place at our disposal.

III.--E'XPEIRIMENTAL SYNTIESIS IN TIE NATUIRAL SCIENCES.

In Fspea'king of tile processes which the human mind employs in scientific
researches, I have mentioned analysis and synthesis. VWo have thus far treated
otf Ianalysis; we have colsidlered( il its' prgressiveCimtllprove)ments, anl( know,
ill a general manner, tlheimmenl se resources which it lhas at its command.

ItIremlaim; to, imiliiio tlhe mleanligl synthesisand tlie services which it is capablo
of renlderimn. It has already been seen that it is not a method of research; that
a scieOnce which should prol)OSe to foind itself upon synthesis, 1,y setting out
11pon priilmeiples established a priori, would incur tleh peril of going widely astray.
Buit clothing of this sort is to lie apprehended when analysis has filisled its
w\,rkallnd hats uit 11f ill possession f a largenumnober of facts, well established.
It is then that the office of synthesis commences. iSynthesis is the ol)posite of
iilalyvsis; it reconsttrulct . isI(hths bn decoml)posed. 1This is tlie most general
(cl!initioll of tile illethod. Buit to give ia more comlllete idea of it, it is well to
follow% it ill its different applications. We wiill first examine experimental syn-
th(sis, ill so far as it serves to control tle results of analysis b)y reproducing a

llhenomel(nol through a reassemblage of tihe conditions of its existence. After-
wards we shall pass to synthesis properly so called, being such as it is (defined
by scw'lhslics, and whicl collects particular facts into general laws.

I"'xperimenltal synthesis recomplm)iids thatt which has been decomposed into its
tlifferent elements. The chemist, for instance, wheel lielihas decomposed water
by meanlms of' analysis and lias separated it into oxygen and hydrogen, can
reoMlllbine tlose two gases. lie lihs effected tlie synthesis of waetr. In
thlis secolldoexlpe(rimeniit, tlien, is f)llnd tilIeImost satisfactory' demonstration of tle
exstctiless of the first. Synthesis hlas served for tile proof of analysis.

In or(gianic chemiistry tle introd(uctionl of synthesis is altogether recent, but it
lhas reflected in this ,ranch of science a real revolution. In tleo last century,
chemistsIbliie'ved that organicmatter was formed in animals and plants by virtue
of forces diffeCrent f'roml those which govern unorganized matter. Button even
recognized 1an animated organic matter, destined to furnish unceasingly tlio
material of beings endowed with organization. As late as 1849, Berzelius still
admitted of special chcnmical laws in organized nature.
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It belonged to Berthelot to overthrow these erroneous opinions, and to show
that tih l same laws prevail in organic chemistry and mineral chemistry; to prove
that !by employing tlhe iniorganic eleiicuts disclosed by analysis, it is practicable
to reproduce by synthesis a great number of the substances found in vegetables.
It was thlus that, by mIeans of' carbon and hydrogen, our learned chemist formed
acetylene, C(112; this 1l)ody, treated with nascent hydrogen, gave lhim olefiant
gas, (~114.

iBy tile emploiymnt of water andtll carbonic aci, Berthelot formed tlie oxide
of earblon)c0i .'i s agaii, by tlie fixation ()I the elements o( the water,
yielded Ibomiic acid, C211201 wlwhence was obtained tlhe gas of the imarsiles, C2114.
From tlhe gs of te marshes,intueilnarsles, ill tillI, are derived, by successive condensation
of the elemienits, acetylene, propylene, benzine, and naphtaline.Tlh'!e ternary
bodies spring from the, iprecelding by tlie addition of oxygen. Thus are produced
thlie alcohols: the imethiylic alclol, C ,C )i tlie oxydatlion of tlie gas of tliche
nmarslies; 'co.()llml(n alcohol, 411'()1, )by tlie liy'latatii)nI of thile olefitant gas. By
remolviig the hydlrogen fro1m tie alcoh.ls, w;e otaithiealldiev ds; axydiin\
tlhe alcohols, we fornl the organic acids. Iv the fixation of tlie 1iitrogell in theset
new plrod(hicts, whether by meaneal' alnillolla or bIy thle action of nitrols acid,
we obtain tlie (llatellrary compol)nl(ls. So that it iay ibe for'eseen that a resort
to synithlesis will enablo us to reproduce artificially those important substances
which.are called tile alcaloids of vegetables.
Thli physicist also makes extensive use of synthesis. Thlus, wheni lie wishes to

produce with great inlitensity a l)hielnoml(enon of which analysis lhas revealed to him
tile conllitions of' existence, lie constructs lan apparatus in whichihe assemiLles
thioso conditions, and evokes; t(lie pihei:niienoi will a degree of evidence which
leaves no longer any d(mlcit. Kniowingm, fl instance, thi electric phenomena
which occur betweenl two dillfrenit metals, ba1th submitted to a chemical action,
physicists have c(mstructed Lbatteries which pr'(oduce currents of dynamic elec-
tricity of a surprising intensity. Ili general, what is called an instruminent of
demonstration is constructed ill virtue of a synthetic idea.

In biology, synthesis is generally too little employed, and yet it would appear,
in certain cases, eminently useful, whether for controlling thlie results obtained
by analysis or for fimrnishing a clear and striking demonstration of thlie pheniom-
elIn. T'hiis means of control aild demonstration shlioild certainly not e,( neglected.
It is oftenI proper that experimllelts slmuild bie made with tlie view of reprodlucing
a phlenomllenoim, and dellmonllstrating that. it., takes place in certain determined coil-
ditions. li this case, tlie experimentation is synthetic. One of thle principal
applications of this method consists in reproducing; outside of tio living being,
certain phenomena which take place in the interior lieofte organisi. hus, in
order to demonstrated tlie action which thle air exerts on the blood through the
walls of,tthe pulmonary cellu les, wo make it appear that venoiis blood canlie
arterialized by thle action of' tlie air taking effect tl roumigl an organic meilrant'.
To prove lthe action of' thle acids of tlio stomach as well as that of(i heat in diges-
tion, it is usual to show that, in a miatras, tllhe addition o an acid to a mixture
of gastric juice and food excites an artificial digestion which would take place
lint very incompletely without tlie presenc o tlie acid. 'tlie actict of' lieat in
digrestiont III atthy SaMetuam e ie shown for thetoleiperaturo must bie somewhat
elevated for that phenomeiion to ble produced with rapidity.

The(iphysical phlenolmella wlich (ocCir in livingbeings faro particularly s11s-
ceptible of synthetic demonstration. 'Th'le apparatus of demonstration ior schemes
aro admirably adapted to give an idea of tIe mIclanisit of these fiuncltiis;
nor can anything more instructive b1e readily imagined than tlie employment iif
suchl expedients, which enable us to assist, as it were, in the production of tall
the details of tlie phenomena.

There tare many, doultl:ss, who will recall tiho difficulties experienced, at tlhe
outset of physiological studies, in comprehending perfectly the mechanism of
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respiration; that virtual vacuum, as it is called, which exists in tho cavity of
til pleura, andl into which the air tends to precipitate itself as soon as an1 o)pe)L'ini
is formed at any point of the thoracic structuro. Now, this Ilphnonmnonl cll bo
counterfeited inlt very simple manner. (Fig. 1.)

AWe take a bottle Vwhose bottom has lb(een removed :andI is replaced 1by a

stretched membrane of caoutchouc : this bottle will represent thethorliot : cavity,
while tile imetl)rane correslponds ito hle dialragmn. In tlhe interior l this appa-
ratus we ilce ai elastiel elstc lilmadder of caoutchouc, which represents t1e lungs. 'I'li
neIck of the bladde(ll is lutedl loi tlie neck of tlie bIottle, So that there shalll IebIut
one orifice, that which ttenables Tlie e('xsriir ail t' coiitimmtlicate witlli tlie interior
(' t(Ie bladder of caoutcholuc. A hole l:ias 1,een formed in one side of tlie wall of
the bottle, and a cordl is attached to tile centre of the inell'mibrae which rel'resellts
te diapllhragI, for tile p)lrpose of colmmlullicatilln to this imemlllirlle Illovemlents
which imlitate thle diaphlragmatlic action ill respiratbion. Wre now proceed to placethis apparatus iln Ilie slte conditions with tlhei thoracic cavity. Wte blow through
tile t lroat of tilh bottle into tire bladder, so as to diste itdit mitil it fills (lie cav it
of the bottle andf expels tie air contaiindc therein. We have thus estallblisied a
state of Ihings analogous to that in which tlhe thorax is filled by thie expanded
luglls. f1 we cease to l1low, leaving tle laterall hole free, tile wild a:t once enters
within a whlistlinlg sotlnd tllro(ugll tlhe holeill question, precis('ly a l:)tippeIns ill tllo
case of an animal whose lbrneast las beelln suddenly piercedl. 31Bt, it' we chloe that
hole after having fiislu!dl tile itisflnlatioi, the bladder will comtitnme adhelring to
tlie walls of the Iiottle, altlimugll tlie throat of thl latter b}(e open. To imitate t1io
iovemlentstof thie diapihrlailg, we exert a traction lon the Ilmembralne; tlie bladldel
allows all tliese mo(iovetnts jIlst as tlie lungs would do, and ia recilroca ting motion
is estlalisheld b1et weelltthe exterior tad interior air,)throtulghl the tlhroatiof the botte.
If we d((sire to mea('sure tll( energy with which the bladder-l ugitends to collapse
upoll itself, a manmlioeter is fitted to tlie hole in the side-wall; tile mutercu'ry will
nowlbe seen to oe drawn towards the apparatus with a force represented ;by tlhe
inspiration of a clolluiin of air a certain n1111mber f c('entimletres ill heigrlt.
A rather 'criouis llheoitmenon sometimeils occutls ill lsurgery, being a hernia of

tlhe linmig through a wound (f' tlie breast. T'is herniamight.seem invexp)licable,in view of the te lldenyl ol tih Itlung iln such case to collapse 11upo1 itself. If we
close tlie tilroat of our bottle, ail act which corlreslpotnds to tlie occluision of tle
rhlottis in an animal anll prevents tlie escailes of the ali from lihe Irleast, tlhe lfiad-
der will no1 longer have, as before, a strong tenidl(ncy to retreat111upon itself; finr,:, (l, tlat, it liiust become empty. At this jtui(ct'ir let tit( diaplhr:agmlio
stretchedd, which will be equivalent to ia stironlg eflrt at inhalation. Thebl(l:.d-,
der will tlenillie seen to ;form ai hernia through the opening ill til( side of tlie
bottle. The explanation of this ftct is quite obvious: thie air, compressed ill thi
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elastic poncll with a certain force, tends to escape outwards by driving back the
thin membrane which confines it ; this it effects at the sole point where the walls
offer little resistance. Suppose, for anl instant, that, in place of tile thin mem-
brane which now forms the hernia, there were a spongy but more consistent
tissue, like that of the lungs; tile hernia woild b)ecolme strangulated between
tlie edges of tlhe opening, an(d be unalble. to re-enter spontaneollsl, even when
tlhe effort lias ceased. Many othlerldemonstrations might le nmado by means of
this simll'le apparatus.
Without digressing from tile subject, alotlher fact mlay be noticed which long

seemed obscllre, bult which is suisceptible of a synthetic demonstration at once
simple land convincing. Iave tile intercostal Iluscles any action on thle Ilove-
mienit of tile ribs, a1nd, if so, what is that action' This was tlie subject of much
disciussioln ailonIg tlhelphysiologists of tile last century.

Tlie solution lo tile question wans demanded of experiment, and it was found
that, in living animals, tle external intercostal muscles contract at, every inspi-
ration of air. But tils result of observation presented somethingpallradoxical
andl inexpllicable. 'The external intercostals are extCendedI between two ribs:
it ,wouldl seem, therefore, that they ollght, ill contracting, to bring tile ribs nearer
to one another. Now, at the 1momen t of inhalation, tlhe ribs separate and the
intercostal spaces are enlarged.

P. Berard, ill his courses of physiology at thle Faculty of Medicine, was
accustomed to recall tlle discussions in question, and removed any hesitation on
tlhe part of' his auditory ly tracing on a tablet a schematic figure which rendered
tile phenomenonn easily intelligible. lie would state, at tlie samo time, that lie
Iad received from Dr. Ilutchlinson a small apparatus formed of pieces of wood
ill imitation of tihe arrangements of tile ribs in relation to tho vertebral column,
and of elastic bandelets whicl represented tihe action of tilo external intercostai
muscles. Tle whole, when the parts representing ribs were lowered so as to
exert a traction upon tlhe elastic bandelets, was calculated to take thl position
attending tile act of inhalation in tlie animal frame. Annexed is an apparatus
wlicli have constructed upon theso indi-
cationsanld whlichl aptly reproduces the phlo-
nomenon ill question, (lif. 2.)

Tll vertelbral collumrn; i represented by' a

piece of vertical wood on which three trans-
verse pieces tre articulated : tllese represent .
the ribs. Thle direction of the intercostal {
muscles is indicated by that of tile braces of icaoutchouc fastened by pills on the cross- B- Vbars of wood. When thle ribslare horizon-
tal, as in tlhe figure, there is a considerable
interval between them, but tle0 insertions, -

A, 13, of tlle brace of caoutchouc aro not so A
widely separated as in tlhe case when tlh rib- /
pieces, being lowered, approach and touch /
one another. IIn that case, the braco of /
caoutchouc corresponds to tle diagonal of a /
very oblique llarallelogram. Now, the
position o' the elastic lraco is tlat which
tlhe external intercostals preseLnt in relation '' /
totlhe rils. Tlio contraction of thlse mns-mu /
cles serves, therefore, to raise tho ribs, as /
the elasticity of tllo caoutcholuc acts in th /
schema which we have been describing. ' /4.
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Among the mechln ical phenomena of tile circul:ation of tihe hlood theren::.
quite a numtlher which Ilmay 1)e imitated( iln a pert'fet tlflmiler. A esliia', weil
known in Gerlan',l is that of Weber: it shows how the circullr ilovtVemelt ot
the blood is accomplished in that vast self-re-entering sstem represented by1 tlio
heart and blood-vessels, (Jig. 3.)

We take an elastic tube, curved upon itself, so as to form a complete circuit,
which imay lbe filled with a liquid b!y Imea'tnts of the lhtnnel, e. At a point inl
this tuhe a part, marked c, is bounded by two lv'les, ,lotlh of which e ll ill t1(Siame direction. h'lis portion of tlhe ci(rcit correslTlpondl tttthe heart. At the
point direct ly opposite teheporti(on c is ll(ced(1, .'t c, :1 lutie iti' glass, iil w\lici a

spl),oge, is iinfixe(d tightly, foirmingr, of c(olirse, :Li (Iobstac(le to tlhe passi.e (1' ti.
liquid, ill r1'eard to whichl it exerts a resistanllce like that o),ppos::etd 1, tl(eca'liil-
;lar vessels to tle co(ltrse of tll( bil)od. 'T'le aIIparatuts being now filled wi!,]iiliuid is ready for operatting. If rillenitting pressures li exert.(e on tl I::i.art
c which represents thlie liartl, tlie enclosed li(qidi is pr'opel(led :iandl :ad to i ;.-;
into the p(' tion o4d the t 1bel w1lere ille day of' til: valves peritis its ib'ing.' ii:liti-
dc(ced, ]illmely, into n, a'. LiUnder ill(i iflell(.ce (of' comprehssiolns fI'(ei I(liently
repeated, tie portion into which tlhe' liilqidl flows I(('coilies (iste'ded(. N'ow, it is
in this condition that tle ar'lterial systemil suibsists itn animals, since therel:(ie bliool
is colltinuillil pressed forward by tile sy'stol(s of ti', lett h(art.I(ene. tIhel
liquid acquires in this part of tilettll a colisiderabl,le amount of lpressilure( x'icm
imitates, with suflicientt exactness, thlepressure o tlie blood it tlie arteries. T'Ih'
splong(, c, allows tle liquid to lpss gradually 1l'roni tlie arterial )par'tofl lti t lltb
into the venous part, thlat is to say, into l(he portion /-/ ' of the alpparatis. 'T'lis
passage of thle liqlidl takes plhtc(, iln t conitillnos manner, ,otwithlstlanlin,'r the
inlltelrmission of tile impulses givetl to tl(he li(id. Here, l1en(, we realize anll ii-
tation of tie phenomenon produced in tlie circula'try apparatus: tli(e reillarity.
aItiiely, of ll(.e course of te ld ithesllmdi ll vessels. ll blothlcase's this

nrsult isolIb:taild through tl(ii ielt of the (lasIlticity of(l te c(idtilts in wllich
lhe liquid lhas circulated. Further, it is (lie saecall( uw'll ict li'r(lul('ces in fire-(*ltiltis tllie reIularit of tlte jt,nlotwiths:lta inr ie sccessit clecis in ll(,
phlay o( t(he 1p. In lapparatuis of tle latter kind resort'is liad to a !bell-sllipedIreceiver, ullider which tlhe liquid arrives on issuingll from lhepll( p, andwht icll
coltluteract thlie irregularities of the motive force.

It sloill like(wise ie remarked,(liat,uht)nr t influence of successive ipulil-
sions given eto thle liquid lby pressing (o the partitr it will 1e foiliund lhat 1:l.
attlertial and the 'ven(ot portion (11of' tlie circuit present opposite conditions of
relletion: tile arterial presstil'e consttaltly tendling to distenlti(nll at tllie expense
of' tle( venotus portion which is at the same time partially depleted. It. is tlus
also inlllltthe ((m. of 'tli ivilln animal, tlie repletion of tilie arterial s\stmI
Itking llace attIli expnse of tle contents tilisi he ei iall, it.F ll it will
folselr'ved that each implosion given to the li(lid, by the comp)res.Hio; ('lofetletll
lit C, commI uicates to t lie whole (of the arterial coltimn a1 pulsation atialogimuils tI)
that presented by ilie arteries (if a living atllilmal), anid that this inmpllsiol is
annulled at tIhe extremlity of the artterial parl, so as to fail entirely it thie ('enotuls
portion. Oilitl w hole, theIn, thia schetma of Vaeber's reproduces ill a very sit-



296 NATURAL HISTORY OF ORGANIZED BODIES.

]le w\:y soiile of thle pirlcipal ,hllilenomen of tlio circulation of the blood:l.t. 'lthe cirelit n(d thecontillnoscuit thtrOscurrent ttiroolt i Seml of tubes;\\t! l the understanding,ilowev'r, that tie app.aratus is intenlled to representollly Iole of tlhe two circuits \which constitutO the circulation in the higher ani.mlals-ni- uelvly, tlio greater one. 2d. Tlhe formation of two unequal pressures,
one rather higl, being that of the blood in the arteries; tlhe other lower, hbeinr
tle venous pressure. 3d. 'The continuity of the course of thle blood) il tlle
capillary vessels under tlle influence of tlhe elasticity of tleQ arteries. 4th. Tleo
pllsatiUo w'hichl is produced in all tlie arteries at each systold of tile heart. It
iniglit b1e possiletto imitate in a more perfect mIlanner thle hydraulic lhllenolmena
of tlhe course of tlie blood, l)it tle scllema before us suffices for tle moment as
exhibitin a synltlheticreproduce' tioof an action taking place ill living beings.

In studyinL tile circulation, theoretical considerations ha(t led1 in to concludedthat the elasticity of tle arteries )proIldue4l on the course of tile blood still othervcliects: tlhan thos demonstrable by the apparatus of WCeber, and that this elas-
ticit, itself liavors the circulation bIy dim inishingii tlih obstacle which thle heartetlcounters at eall conItraction; in other words, that tlie heart hias less diliciilty
illetlptyiing itself' into hltatic vessels tll:h it would mee(t with if thle arterial
systemwe\re or lied of rigid colnduits. Now thisi'ffect of tile arterial elasticityIhas1een contestedi.tihe whole 1boIdy of lplysivologists. Some) of themlhaLvh11, withldicliat, i that the circulation would le ellkctcld quite as Nwell in inert
tubles as in elasticoJles, thle only diilerence being that ininert vessels no pinl.satioll would lbe felt. Others, relying on eXperiimenlt,a.ssertedlI.twtt,tr lies,
one elastic, the other incert, give pa,:tv.lge to thel sanle

l miantity of liquid if iboth
li;ave tlie same calilbe'; anrl tlis is: perfectly true if thle low oIf tio liquid takes
placeIulder a constllant discharge, but ceasesto, lietlruif thleaifllux of tlhe liquidoe(:cunrs in ail iterlitt(ent mllalnnlr as istle case with the circulattion of thellood.
. ulill oilier physiologists, strilck with) tile regIularity of thle course Of tle lblod

i;l the small vessels, have considered tlhe elasticity of tlie arteries as an additional
f;lrce, which propelsthle blood in the arteries during thle repose of the heart.
Bumtthieso. also were in error, and we iight refute their opinionll by saying, with
B3.rard, thatthltee plastic force of the arteries isi i reality only indirectly conitrihiutory,, a firte d'lopru.lf, and that tlie het isttle so ipiole ipulsive agent whicll
exerts an active part in the circulation. Nevertheless, 1inutlaintin miy proposi-
tio : tlihe elascitytciyof the arteries is favorablo to thl course of tileiblod, lint
it does lot act, as tll imlulsive frce. It diminishes the resistance wthic1h Ihe
heart c,'perictecs when it propels the blood in thcressels. Thlo annexed schenatio
app'r'atus will enabletme to demonstrate this proposition.

ir

A Mariotte vaso V is raised on a support. From this vaso proceeds a largo
tube furnished with a faucet II. Tlis tube isil'furcated atthio point T, and
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cacli of its branches is continued' by a long conduit. One b i' is elastic, being
formed of thin caouitchouc; the other a a' is of glass, and consequently rigid.
A valve, placed at tlie Urigin of the elastic tlle, permits tlhe liquid to penetrate
freely into its interior, but opposes all reflux in an inverse direction. 'Tlie two
tu'res have thle same capacity of discharge: of this we may convince ourselves
by opening the faucet 11 and allowing a continuous current to be established.
Jiit if tlie faucet lIe open d closed alternately, it will be seen that the cltux!,y the inert tube is intermittent, while that by tlhe elastic tube is continuous;
it will l)o also found that tihe discharge has become very unequal, and that much
less of tihe liquid escapes by the inert than by the elastic tunbe. The proposition
might ,be considered, then, as already proved, for it is evident tliat if the elastic
taihe lias discharged more liquid than i tlie other, this results ¥roum its having
received mIIore, and as thle penetration of the liquiid into thetubhetubestakes place
mlnder a constant charge, and can only be eflfected at tie time when tlhe faucet is
open, this clearly proves that at those instants the tube of glass was more per-
iia;hlde than tlie elastic tube.
But we may form a more exact conception of what occurs under theso condi-

tions by inquiring not what issues from tile tubes, blit what enters them. The
)lariotte va:se employed as a source of supply furnishes tile means of knowing
iccniratcly what p)1netrates into) each of the!ties at a given moimient, otr ot tlihe
smI:Ill(st qIuanltity of liquid canl issue from, tlie vase without the indication of what
iprlion of it is withdrawn by the entrance of a more or less considerable quantity
of air. Now, if the liquid be permitted to flow by the elastic tube alone, or tlhe
,lass tile alone, it will be seen that t1 tlhe two cases tlihe Mariotte vase indicates
veiry diflereilt dischargese. If tlie eflix be 1,by tlihe inc't tube alone, bubbles of
air aire .seen to enter tlhe vase one by one, at regular intervals, until the sup-
piessioun of tlhe flow of liquid, whelln, tlheesae act, the entrance of tile bubbles
is arrested. I on tlihe othlier hand, the inert. tuble being closed, the efllux
colnmmeces with tlie elastic tube alone, a mass of air is seen on the instant to
ruishli into tie vase, annoumincing thle escape of a wave of tlie liquid at tle first
momentum; the bubbles then become more rare and enter with the same slowness
which was observed in tlhe case of efllux ,y tlie inert tuibe. Let tile faucet be
closed at this instant, land it will plainly appear that tie elastic tube has
received a quiamntity of liquid greater thian that received by the inert tube tiand
corrceslldirg totothe access oif tlie hluge volume of air at thie commencement
uf tihe experiment. It is this excess of liqlidwIhich occasions a flow more or
less durable after the closing of tile faucet. This whole quantity of water acconm-
iilihated by tlhe distesionl of tihe tule constitutes tlie advantage of' the elastic
tiile as regards the alllux. If this tube ore readily admits tle penetration
of tIle water into its interior, it is because ti( liquid is iiot required, as in tlhe
case of the inert tube, to overcometete total friction and flow outwardlyv, but
finds lo]dg'gmeiit withill tile tbe by reason of thle extensiuility of the latter. It
is obvious that as often as these intermiittent, openiiings of thle faucet are repeated
ia \w advantage is created ill favor of thle elastic tllube. Finall" y, theory teaches
us that to reiltdeir tlie elliux 1,v the twotu'tesats qal asa possible, it is
trequisite that tile faii'cet should be opened, each title for a very brief period, andthat the intervals between thle openings should be of iiiesome diatic.

Tlie demonllstrlation of this effect of' tlic elasticity of tlhe arteries, though here-
totl're uinknllowln, would seem to Ie of much importance; it hias enabledn(me to
timaw niew coiichlisioils, and to establish, for example, that it' the arteries lose their
e!tIsticitv, as is norinallyv the case'with age(,d persons, tlie heart inust experienceiii i('rcrease of resistance, a, accoirdhinim to the known laws of pathology, becoimo
h}yp'r'trouphuied. Tlio researches which I have made with a view to time verifica-
tioui of tlis provision have furnished a complete confirmation of tlie theory, bitt
I shall not insist here on partioidars which enter properly into the domain of
mcdhi'ine, and which would divert me fr6m ,my subject.
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In retiring to title synthetic reproductionl of tie phenomenaa which accom.
pany life, I shall prescint t1bt oo other example of synthesis. 'The uses of tile
natatory bladder of fishes have ceeon very much controverted ; most naturalists
however, have considered this organ as capable of modifyilng tle volume of the
fish, and consequently its density, so as to render it sometimes lighter than tile
water, thus causing it to ascec(l to tihe surface; and sometilnes heavier, thereby
enabling it to plunge to great depths. More recently, M. Morean' resiuled tile
study of tils subject, and pursued it much fiuther thanlhad previously been done.
Iis attention was lirst arrested by the circumstance that a fish drawn at sea from a
great depth swell sarid sometimes bursts when brought to tlhe surface of tlhe water,
andi in this conditions floats helplessly, because it hlis )become much less dense thi:athe water. The elastic force of tlhe air of tile bladder, resisted under normal coin-

ditions by thle weigllt of a column of water extremelyhligl,
brings on a great distension of the animal if thepressure is
diminished, so that, having become lighter tlian the water, it
floats on tlhe surface. Ience it follows that a fisl which lives
normally at great depths ill tlme sea cannot rise above a certaiin
altitude, under penalty of being borne to time surface by the
expansion of tile gas (;o its air-bladder. And this theoretical
deduction involves a converse one: that thel fish cannot desceI
to a depth greater than that for whlicil its natattory blladd(er is
adapted. If it ventures to a greater ldethl tlhe gases of its
bladder will mlndergo greatter col(lpressiol, tile delisity of tihe
animal will ble augmllented, and( it will be precilpitated iidecli-
nitely, even to toe bottom of lihe sea; whence it can rise no
more, unless it could secrete within its bladder a quantity of
gas sufficient to distend it notwithst'amlilng thle enormous
pressure to which it is subjected.

'lTheory teaches us, tlein, that a fish is not fitted to live
except at at certain depth; that it cannot all of a uhIdden
transfer itself from a certain zone to which tlie state of its air-
bladder assigns it; that if it emerges from that zone in which
it possesess nearly tlie same density with tile water, it milistbe impelled indefinitely, whether to tile surl.tce or towards
tho bottom of tile sea. It may, moreover, be inferred that
tlei animal can within certain limits extend this zone to which
it is assigned(, if it has the power of couIpressimg or relaxing
its air-bladder; that is to say, of mnodiftyinlg spolitaneously its
OWIn density, whether in one direction or. tlie otlier. It is to
be understood, finally, that tile fish has tile faculty of (on-
tending to a certain extent, by tile movements of its fiis,
against tle ellffects of its ownl density, and thus still furtlier
enlarges tlie zone in which it can sulbsist.

'l'iewhole of these theoretical dluctions cani scarcely
seccni evident at tile first. glance, hence experilmeiltall control
wouldl(appear to be indispensable. We Ikow, by experience,
that a fish drawn f'omn a certaill depth to the .sil.race (of tile
sea floats inl spite of itself; but tile inverse llhemllollenolln, a

fish precipitated to tile bottom of the sea, is what lno one
has witnessed(. Yet a very simpl eescheme will render this
Ilphenomenoenperfectly evidleit. lhe apparatus for this pur-
pose (F'ig. 5) is alnalogous to tile ludion, lan illstrumlenlt \ith
which we are familiar. It is formed ol' a bladdler of' caolt-

e coucl filled with air, and susltaining a weight graduated ill
sluchllmanner as g tog the whole system a de(Isity eq(iv-g..Fig.. r alent to that of water. Th'lis apparatus is placed inal glass
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gauge having siucl a length that tioe liquid column shall represent a rather
strong pressure, when tile ludion is plunged to a certain depthl. The voliune of
air contained ill tli ball is so regulated that the ludion, when at tlhe surface of
the water, is a little less dense than the liquid, and emerges from it to home
extent. Let it be now sunk to a slight depth; it is still not so dense as the
water and tends to rise above its surface. Sink it a little deeper, and it will
remain nearly imovable ill tle zone in \liich it is placed, indicating tliat its
density is now equal to that of thie water. It is thus that it is rllprCsent(ic in
the fitgue. Let it be sunk more deeply and it will be seen to have a tendency
to descend of itself: it has become denser thanthle water.

Here, then, we have a new example of tlhe synlthletic reIloducltionl of (the phe-
nomenla which occur ill living animals. l.Many aalogous (examles might lo0
cited, bit it is only my )lll'pose here to signalize the utility oft this Iilethod(, landl
to show how important it i.s still ftuther to extend its application. It. many bo
ad(led tlat any one, by tio construction of a schema of' his own, will find thtaL
the vague ideas which he may have at first conceived on an obscure subject,
acquire singular precision and development. New conceptions will be con-
stantly presenting themselves, anld problems be suggested which tle mind is
impatient to verify by new experiments. In a word, this manual labor of tloh
construction of schematic apparatus, fiar from absorbing the mind, sustains and
guides it by fllrnishing it at each step will an experimental test.
An objection will not fail to lbe made by tlose wlio pretend tlat there are,

in living beings, properties wlich siucli persons terni viital, and which aire alto-
gether peculiar. They will tell us tlat synthesis tamayIwell reproduce tile phiysi-
cal plhenolmenla whlicl accompany life, lint that it is incapallen of' imitating tih
rital phenomena. I will answer, for my own part, that I recognize but two
sorts off lmanilestations of life: those whicl arc intelligible to us, being all of a
physical or chemical order; and those which are not intelligible. As regards
tlie last, it is better to avow our ignorance than to disguise it under a sembllanco
of explanation.

IV.-LAws IN BIOLOGY.

I have next to speak of synthesis considered as a mental operation, tile oppo-site of analysis; as collecting dispersed ideas to form of them a whole; as ascend-
ing from particular facts to tlhe general law which governls all of them.
Thehligliest point whicl tile natural sciences call reach is the discovery of

the laws which govern the )pheInomenll of life. This, as I have said, is the
ideal we shouldpursue, but which we have not yet attained. At present it is
the research for facts which occupies-us; we labor ill behalf of successors, per-haps) farl remote; we accumulllate for them tihe materials of a vast syntllsis, which
will enable them to embrace all these facts under a general point of vie, an(l
to educe frilom them simple laws. Already, however, light seems to difhuise itself
upon certain points of the sciences in question, and some of their laws have begun
to emerge fiomi tihe mass of' details.

-Let us premise this capital fact, that the laws of physics and of chemistry
reappear in tile manifestations of animal or vegetable lif', and thateveLry dnay
the hypothesis which led to tlie admission of forces of a special nature in organ-
izCed beings is becomiiing lessa:id less necessary. As regards tle laws of' physics,
we have seen them applied in tile operation of thle sehelmatic al)paratus ,by l;eCans
of wliich we are enabled to imitate certain plhelomlena observed ill living beings.W'e shall doubtless still continue to discover these same laws iln proportion as wo
shall study in their more intiliate details the functions of organized beings. As
regards the laws of chemistry, Berthelot hals shown11 them as presiding in tihe
formation of the substances called organic. The hypothesis of a vital chemistry
of a wholly peculiar nature is now useless. lescarches 1)ased on synthesis in
chemistry show us tiant tlhe ordinary laws suffice' to explain the formation of
organic matter in the interior of vegetables.
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Tile best known of all vegetable fuimctions, the respiration of plants, presents
this first. experimental idea, that tile green matter of phlias, under tlhe influence
of solar light, decomposes the water and carbonic acid, thus setting at liberty
tlie hIyldrogcen and oxide of carbon. Now, these latter substances aro the ele-
inents.which chemical synthesis employs to form tile ternary compounds, which
inav all 1e derived froni the action (of nascent hydrogen oil the oxide of carbon.

if tlhe chemist, ill his laboratory, must proceed by a series of transformations
in order to realize substances in which the elements are more conlldensed,
nature attains tihe same end in a more direct maeiner, without, on that account
violating llthe ordinary laws of clenliitry. In nature all thie elements are in con-
tact in a nascent state, so that the simpler compounds s which result therefrom
remain not long in their first phase of evolution, having close at hand every

principle necessary for tlihe formation of ilmore compllex bodies. Organllic bodies
arrive, therefore, with immediate effikct at their highest degree of condensation,
while, in tile chemical reactions of thie laboratory, we are obliged, in following
uil the conditions of the formation of these bodies, to create artificial and succe-s.
sive phas:es.

In tihe study of the functions of life, tlie physiologist finds himself confronted
with l)hnom(ilena so complex tlli:t he cannot at once complnrehend tlie laws which
govern th'emi. liut lie is struck will tiicertaincharacters which seem to him morc'e
constant than others. From these lhe deduces tile existence of certain ritl lahus,
a·n ephemeral lvypotihesis which disappears soon or late before 'a more profound
investigation ofthle] )plhellnome(la, and is absorb'led ill thle 0more Complrehensiv
generalizatioils of physical or chemical laws.

First of atll, tie p)rodutlm ion of ieat and that of movement seem to hiim to lhe
attributes of (lie animal kingdom. If some species appear to form an exception
to this sort of general law which lie has established, tlie physiologist explores
the facts imore attentively, and perceives that tihe animals which lie had at first
distinguished from ,tlhers iy calling them animals 'wilh cold blood, constitute but
an aplparent exception,anld that they also produce Ieat, thlougl in less (uallntity
thian others,) sidessIl!atia(ey ]haventot tleIproperty of preserving this ieat, ulit
allow it to escape when they are placed in a cold median. Eventually it is
recognized that the chemical actions which take place in tile organism are thi
cause of the production of l(eat in animals, and that the quantity of heat disen-
gaged increases or decreases according to tihe intensity anrd nature of tlloso
actions. Thencelforth tle production of animalheat presents itself only as a

particular case of tlie disengagelleit of heat in chemical reactions.
Movement ill animals was at first considered a direct result of life; in its appla-

rent spontaneity, a character was even supposed to have been found whicli dis-
tinguishlied it from Ilie movements whose laws are determined by mechanical
principles. ]hut it was at. length recognized that tlie production of movement,
like that of Ileat, requires in animals a chemical action; that its production,
thlereforep is not unlmmillited, 1lit must be1)e ssimiltted to tlie labor of oulr machines,
which t(ran:fori'm into Imovcwient tlie heat derived from the combustion of carbon.
Considered under tills point of view, the ,aimal organism would not diilf'r from
our machinery, except in its more advantageous capacity of production, but can

yield, oni tlhe whole, ill labor only what thle chemical actions exerted oni the
· bsorbmed aliments will admit of. This extension of physical laws to thio
functions of, organized beings commends itself so strongly to reason, that no hesi-
tation is ait present fIelt in lumshing conclusions to their last consequences, and in

seeking, for example, ill t(he animal economy tle verification of thie law ofl tle

equivalence of lieat and of mechanical labor.
Nothing cain he imire legitimate than this tendency to reduce all the phenom-

ena of nature to simple aind general laws; to me it even seems that this mode of
Iprocedurei has every chance in its fivor of being tlie right one ; still, from lprib-
able hypothesis to demonstration is a long stride. On this account it is that we
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must recur indeftigably to theli study of particular facts, and tIhat, without renMonc-
ing tlic pltrposo of redluc'ing tltem eventually to simple laws, it is necessary ill
the first place to refer them to other special laws, l)nt to 'uch laws is arc sus-

ceptiblle of demonstration.
Upon these grounds, certain plienomena of life may alreadybl referred to

demonstrable laws. M. Brown-Scq(uard, in particular, hlias given us, in his Journal
de Ib Pqhysioloic, a short noto coltainillg a vely noticeable attempt at that gen-
crahization of which I IIaveo ])e(li speaking. This physiologist sets forth, as
'results ofihis own la-bors as well as those of the savants whot) have preceded
hiiin, twclhe lhus relative to tile conditions under which nervous and muscular
actions are either lprodulliCdl, increased or exhausted, together with certain other
analogons phenomena which are observed inl animals.*
Among these laws there are several which are not, perhaps, beyond tihe reach

of criticism, and everything Nwould lead us to believe thattlat e further progress of
scrieice will reduce then to greater simplicity. Such as they are, however, they
appear to ine well worthy of' remark and meditation. For some of inmy auditors,
it is true, this generalizattion may be premllatlure and diflicuult of cominprehenisionl

uiit for most of those who are somewhat initiated in biology, I would hope tlat
they might, lead to an enlarged conception of thle facts with which they are
already acquainted. Some of these laws, ,being those which are specially appli-
calle to muscular contraction aire Jn substance as follows:

FlIs'r LAW.-JIu-s-ICular contraciion seems inseparable fiom an organic change
which nutrition alone can repair.

It is now known that thie muscle in repose presents tlie alkaline reaction, and
tliat, under tile influence (of repeated contractions, it passes to tlie acid reaction;
a clh(mic.al process has therefore been at work, wliich lhas modified the comnposi-
ti of tle .Agaiemuscle. A i i' we seek iln aimuscle thie proportion of matter sohll-
,le ini water, before or after energetic exertion, we shall find, with Ifelemholtz,
that tlie quantityy of solulle su]iSbstanices has naugmented under the influence of
tliat exertion.
SE1coND,LAW.-The rapidity of the circulation of the blood and the richness of

tl,Il liquid n reslortirce substances, faJvor the recuperationif thc muscle, and ren-
der it capable of .new' labor.
This law, like tihe preceding, is susceptilble of experimental verification. Wo

can algillm(ennt or diminishitlthe timllo 'iecessa'ry fir (lthe recuperatiom of tlhe muscle
lib abating or accelerating thle course, of (lie ,l (d whlichl traverses it. T'le need
of alimentation whicli follows muscular exercise also connifirms tli::s law in what
relates to the influence of tlie (qualities ()f tlte bloodd on thle muscular restoration.
Eveni in thle absence of circulation, tlhe restoration still takes pl.ilce witimini certain
limits, which is explained by tlie presence of tlie blood with whlichl thie tissues
ar, satttited, even vwhen it ceases to circulate.
Tnlmu LAW, (flowing from thle two preceding).-A muscle is subljected to

tho influences, the one restorati''e nutrition ; the otherexhaustive, ils i /otic func-
tion ; its actual ifaculy qf nproducing movement varies according as one or the
ofth'rol' these influences has actecd.

HIice, after a prolonhmged repose, the muscle has attained its maxiimuni of
alpitiuhde to act, since their restoration is prodli'ced without waste. Conversely,
alt('-r rolohgeld action, tile faculty of acting is at its minimmiri. It will !he s'eil
li.,w closely this law approximates to laws Iuirely physical, and how much tle
Mtusch rcsemlles an appl'ar:tus which oin the one liaund rcccives electricity, and
(on the other dispenses it; as it does also a, body subjected to a source of heat aiind
tl, 'aii intermitting cause of rcfig'ieration.

I"oUiTriur LAW.--llcciqclrtion aj?er action is more rapid during the first few
infl'ntls than it is after'cards.

IIn tlie number of these would further appear the electric pliCnome()in observed in certain
fishes, the phosphorescence of certain animals, the movement ft vibrutory cilin, &c.
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Tliat is to .say that if, after the action of a muscle, therepose lasts one minute,
there will have take place a certain degree of restoration of the faculty of act-
ing, a:lid that it tloe repose continues for two minutes, the restoration will not
have doubled tle muscular energy. ''llis likewise ofrs a new analogy with
physical phellomenla. In effect, a chilled body submitted to a source. of heat,
gains much heat ill the first few instants, and acquires but little afterwards in
proportion to tile (ldration f he r ofth proc eof ting.

lFIFT'l LA .-'T1e habiital activity of a muscle andl its nutrition stand in such
relation to one another twtf repose too much prolonged produces atrophy of the organ,
while action frequently repeated increases the volume of the muscle and augments
its aptitude to produce movelcent.

lThe (exaIl)les which confirm this law are well known; every one Ias had an
opportunity of observing thle developllent of tlhe muscles which, in some indi-
viduals, arc more exercised than the rest, and, reciprocally, the atrophy of tho
muscles whicl, for whatever reason, have lbeen consigned to a long repose.
There are limits, however, beyond which this law ceases to be true; but tlhes
limits have not yet been ascertained in a precise Imanner.

Tlilhelaws here stated regarding the muscular function are sufficiently general
to enable us to recognize them in other filnctions which seem to have no analogy
with ImoveImet. IHaving incidentally mentioned tlhe discharge of tlie torpedo,
I imay here add that it would be interesting to inquire, within what limiits thlo
laws above stated are verified in this order of phlenolmeina . B.Brown S(lquar
thinks, as I hanv before said, that they are governed )by the same laws with tile
muscular action ; but experiment ha:s not yet succeeded in proving the reality of
this opinion, though it may be said to havo every lprobalility in its favor. 'l'lio
only point on which perfect identity has thus far been established consists in
tle fact that the discharges of the torpedo become weaker and weaker when a

series otf them is provoked. Th'lere is, therefore, a real exhaustion of the function
simply ,by its own action; a fatigue of the electric organ, as tilre is a fatigue
of tile muscle.

'Thepresence of blood in the organ and its rapid circulation seen to be essen-
tial conditions for tlhe abundant production of electricity and its prompt restora-
tion. Such, at least, is tlie conclusion which appears to result from tihe anatomy
of the electric apparatus of these animals, so richly provided witl Ibloodvesseis;
but tile albsenco of exact means for appreciating tlhe intensity of the discharges
of tile torpedo lasa heretofore precluded rigoro( s experiment on this subject.'
AWe are aile, however, as M. Moreau has shown, to verify the fact that a cessa-
tion of tlhe current of tile blood does not immediately prevent tile electric appa-
ratus from operating, any more thlan it extinguishes instantly the contractility
of a Imuscle. But tilis suppression of the current of the blood would seem to
render tlie exhaustion of tile electricity more rapid.

It will be seen that there remain many desideratain relation to tlle produc-
tion of electric phenomena in fishes. The presence, however, of certain c1hrao-
ters perft'ctly alike illfhe fiction of their electric alpparatus and tho muscular
functilon should indlici ll(nquiry whether other analogies exist. It is thus tliat a

knowledge of tl(e laws of :a phenomenon traces for usl tile path to be followed in
tl(e stidv! t o thers, by indicating tlhe most probable result of tlie researches whii
nmay boe uln(dertaken.

i5. A. Moreau has haplil y been ledIy tlie ana.log.y which exists betweenteI1
production of electricity in tile torpedo and tile production of movement in tlhe
"The galvanometers which have been employed are too sensitive; the electric (ischaIrgo

Df tli e aniiUmal COmnmnicates to tihe needle Hro violent la deviation that it makes the circuit of
the dial-plate several times, and does8 not ullow a comparison of the relative intensity of tha
different cominmotions. It miight be practiciblc, perhaps, by means of a circuit of derivation,
to give to the instrument only a part of thie current, and as, in that case, the intensity of the
derived current remains proportional to that lf the principal current, tile variations of tle

intensity of tihe discharge might probably be appreciated.
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muscle, to a study of tlhe action of tile nerves which proceed to tho electric
apparatus. In inquiring whether tiheso nerves are similar to tlhe motor-nerves,
1h has, ill effect, found tlhe resemblance perfect: 1. That tile section of tile for-
mer sulppresCses the spontaneous discharges of tlhe animal, just as til section of
the motor-nerves suppresses voluntary movement in the muscles to which they
are distributed. 2. That the excitation of the peripheral end of an electric nervo
provokes a- discharge of tlhe apparatus, as tile excitation of a motor-nervo pro-
voikes a shock of tlio corresponding muscle. 3. That tile excitation of the cen-

turl end of the electric nerve provokes in the animal no phelloI)menon of sensi-
bility, as none is occasioned when tlioe central end of a nerve of movement is
excited. 4. 5M. iMoreau having poisoned a torpedo with strychnine, which corn-
uinmicates to thle Iotor-nerves a series of repeated excitations and throws the
muscles into tetanic convulsion, found that this drug provoked in the electric
apparatus very frequent discharges, similar in all respects to the convulsions of
a ctalnizied 1muIscle.
The phienomenia of sensibility are, within certain limits, subjected to tlihe same

laws with t iophenomena of movement. We verify with regard to both the
lw\v which teaches us that activity exhausts tlie function, andthat repose restores
it. A lively sensation fatigues tile sensibility, exhausts or abolishes it for a
certain time, while by repose its previous intensity is renewed.

Let us take as an1 example tlie most complex, but at tlie sane time most inter-
esting of our sensitive manifestations, the sight. Whent we look at a very bright
luminious object, thle point of our retina oil which its image falls is vividly
excited ; it becomes fatigued, and if we turn the eyes on a field of a uniform clear
color, we see on it a (hlrkor spot, presenting tile exact form of the bright object
by which our vision ladbeen impressed. This spot is owing to tile fact that thio
fimuigiied point of our retina no longer perceives the lumiminoius sensationls with the
'istilmary intensity. The more brilliant tleibodrlserved, and tile longer tile

tilme we have observed it, so much darker and more persistent is tie emlsuing
imlige. Repose of thie sight causes tliw subjective image, as it is called, gradu-ally to disappear.
The fittigio of our retina may bo restricted to certain elements of sensation,if we have received tihe impression of only certain elements (of tlie light. 'hus,

iur vision may lbe fatigued for tile blue, tihe red, or tile yellow separately. Sup-
pose, flor' example, that a red wafer beo placd oin a sheet 'Of white paper, and
Ihitt we look u11pon it intently for some instants. Let is now remov tete wafer
without ceasillng to look at tleo same point ; we shall immediately see a treen disk
of tilhe sament dillmensions with the water appeal' in its iplac. The reason thereof
is: that in tile white light of tlie paper 0oir' eve caIlnnot perceive so vividly tho
red rayrs in tile point of tile retina which is fatigued with that color, and11 ts all
the. other rays a11 tlhero perceived, these form by their fusion the coimplinemntarycolor If red, namely, green. In tlhe same way, a greenwafer r would leave after
its disaplpearalice a red subjective image ; a yellow walfer would give a violet
in1ge &c.

I sliall not dwell longer on examples of the very general law thlt erery/frnc-linmrlhich is exicrted is momentarily :cxhausled, and 1thai it is restored by rp'ose.
Let us proceed to a brief consideration of laws of aimother ordei in the phenlomellnao'f i;e. We will take, for example, thieinfl f l(' factionsupon one another.
()IOn this subject I may be al lowed to adduce certain general views whichai'.1lpper to me to result from the observation ofpheIl omenatad fromlphysiolh gicale'Xpi'rimelt. A law of harmomoonn theflu actions if (l(I will, I think, )ho,ihliitti.-d without difficulty; that is to say, that if' one function reacts En another
ii ifluiences tlie latter in such manner as to derive therefri'om advantlltg,e for itself.
To, d(cwl(,)po this idea, I will preseii it ihew examples itIthasblee alrea(lv said
tlhit :inly,uisci:ular ai:tionihas 1need of being niltailliied b!y the circulation of the
hlood; Ilow tie action favors this circulation aiud renders it more ralid.



304 NATURAL HISTORY OF ORGANIZED BODIES.

To leave no doubt regarding the first proposition, I proceed to support it hv
experimental facts. It'is illn effect easy to demonstrate teli necessity of tlie
salnllineoulls current in tile exercise of a imucular action. T'ihus), when we tie
tihe lower Iaorta ill ani aianimal, vwe find that thec muscles of the hind quarters are
quickly paralyzed. The saimen result follows if we injct into tih arteries of a
limlb a fine powder, which lihas thie effect of obliterating tit small vessels. M.
Flotirens hilis shown that, under these cir'cumstlancices, tlie muscles soon1 become
incapable of acting. There is fa ialaiy which veterinary surgeons call inter-
mittent claudication, 11and whichalis beetn attentively studied ill tlie hmrse lby M.
Ilouilley and )Dr. Chariot. This malhIdy is produced by aill obliteration of the
iliac arteries. In this state of tliigi's a new circulation is establisliedI( y tlhe
collatera'tl vessels, but these have lnot the easy permnealbility of t lie large trunks
whose place they tend to supply. The animal thus affected can move for some

time in tie usual way; blit presently tihe afilux o1'lo,(od to its muscles being no

longer suflicient, a sudden paralysis takes place anI the lJirse stops. A moment
of repose re-establishes theiiiimuscilar fluniction, which is cxliausted(,caanewafter a
few .teps. The case wholly arisesl rom thie 'fact alhat I lcurr.nt of' blood in the
muscles is no longer suffliciently rapid to maintain Itheir function in a durable
imaniiner.

Again, let us take a frog in which tlie vessels of one of tlie hinder feet have
ibeen tied, and suiiposetied,and supp haselt Ioth feet have been excited by i(ll'cel (currents,

iind that inl both tie contractilitv has been fatig.ued blv lprologe'. d action. If we
Iliw excite thie two feet of tie anima:tl it will be seelln tit the soiunidlflit has
r'.covere1d its contractilitvy whilethat whose vessels were. ticd still evinces in a

Iigh degr(tleti exhaustitIn conseqient upou its fatigue.(;ranting the thle neces-.ity of' a circulation so iuitilidit miore rapid as.;the
muscular act is one of mitie energy and durat il it is ea:;sy to, plr Ive the second
prolpositiom which I just now advanced, namely: that tills iu,.i'cilar act cinInu-
niicates of itself ait greater rapidity to the circulation of' tie blood. Every oie
is aware that in vienesection, ift' tie member is iioitiotiless, liellhood escapes
slowly f'omi tlie vein, while tle flow becomes Tmuc!h mo're copious if tlhe patient
exerts conmtractions of thle muscles ofr lie fore-ani. The'li question, here is nt
that of' a simple comlpressio.n oI' tl(e veins lby tl(! muscles, wli;ch wild nmechani-
cally express tit' blood coiit!ainled in tliose vessels. Shich ia cause(wolild speedlily
liave exhanust.ed its e(l'ectl, and extrimiled buit an inconisiderable (palat ily t'f ihild.
'lihre is exerted) of lle citlrary, oa ctotituolis action which accelerates tlie
course of tlie blood as lorng as tlie coitrlactionrs of' tile muscleso.f lie foire-a'li are

c(ntinmtiled. A still more ',uoviicing demonstration of the iuiliience oI,' lie musciu-
lari act )n(toth'retritiblo d may be given'il, sho wi tatll tthlie arterial
systemil is lelted in an anlilmal which has just desisted fi'rmiruniii,,gi, .iand pr'esn('its
in its interior' Ia more fielle preassuree thanii ill a state (of re ost' Fromt such
fac:ts as these it results that tliet muscular act operates l tlie circulation ill bllch
a way as to accelerate tile. cilIrse of' tlie I)liid thlrtiugl the muscles, and thus
pn'rootUies that action bIy whichl tlie acceleration was occasiomed.
We might cite a i're'at !iuuumil!ier o)f examples of thllis law ofit harim(ny of lihe

fncitltiirns, anld showw,fti( istmce, tliat the' v'enimistlIood, vliei it a'r'ives ill
abluldanue at til l-ungs, stimuilaitesithlat organ iand prvos tie reslpiraltory
miiov(et(ients d(estiiedl t)o arterialize it, while tlhe respiraitliomn, at tIl' imomienit whi(n
it is executee, op(lns a Ipassaeolr' tlie 11 i)(1 tn which it is to act, &(c. Buit
hliese reciprocal inttlivianc.s of tlie fiinctionus wo tild exact tioo luradtevoI( mi(nets

to be. thoruoughily trealtid ()In tlii s ccasiom. I cmiifine imvstlf' to inotice if tlhe
existenlice of tliis lat l/ Iha'noIt/! of(' which I have beeil speaking, thil recognition
of1' whichI consider o' tli greatest ilitiivy, as enabllinlg us if'ten to foresete lheno-
m1ena which experiment will verify.

'* Hco, for further dr.velopmuunt of this subject, Maury, l'ihysiologie muedicalc de (t circulua
lion uit song, pi. 2'23, I'aris, ljpI3.



ON THE ELECTRICAL CURRENTS OF THE EARTH.

BY CHARLES MATTEUCCI.

TRANSLATID FOR TiK SMITHSONIAN INSTITUTION.

The study of electric currents in the terrestrial strata dates, I think, from tho
discovery of the galvanometer. M. Fox, in Etigland, was the first who saw the
needle deviate when different points of a metallic vein wLere touched with the
extrelities of the wire of the galvanometer. M[. B3cquerel afterwards made very
extensivee researches on electric currents obtainedbretwc e masses of water and strata
of earth existing under different conditions. Till then theso experiments were
ic,:rrded )but as obscuro cases of electro-cheimical action, of dilliclilt interpretation.
'There was no thought,i in this case, of any such thing as a terrestrial plhenoimeon-
that is to say, of spontaneous electric currents, as they are called by the celebrated
astronomer of Grecnwich--util very strong electrical currents hlad been observed
ill telegraphic wires (duing the appearance of the anlora borearlis. This pllenome-
1on1l presented itself for the first time, November 17, 18.17, in thle telegraphic wires
of T'lscany, whilo a blrighlt aurora was visible oin the horizon. ''he description
(f this phlienoIienon, which I gave to tile French Acadeimy in a letter addressed
1I M. Arago. was followed shortly afterwards b)y similar observations made
ill tile United States. In late years numerous olservations have been made(O
this subject on all telegraph)ic lines, and have confirmed the first results. It
was natural to seek thle existence of electric currents and their laws in telegralphic
wires, independent of tlhe simultaneous appearance of the aurora borealis, and
tilh Academy of Sciences is cognizant of thel researches on this subject which
lhave lbeen made public by such eminiilent savants as MM. Bi}augartll, Barlow,
Llolyd, and Walker. When theirmemoirs are read with the attention they
l(erit, Im one can fail to be struck with tile dificulty which presents itself in
lairnioiiizing the results they have obtained lan deducing some general conse-
,li(eiicc wlich might set us ill tile way of explaining these lIhenollmenia. All these
rescelrclles have been conducted by introducing a galvanolmeter into telegraphic
lilies, lland measuring tlhe currents at slucl times as tlhe lines were not in service
for tlie transmission of deslpatches. ordinaryy communications, established as
tele'graiphic stations between(lte metallic wires and tlie eartl, are etfflcted, we
kini,, ill diferent ways; sometimes they are forlned by plates of iron or copper
plunged into tle water of( wells more or less deel, anld connected witli tlhe
rct0allic wires; sometimes these wires communicate with the shafts of p)uimps or

itli tlhe rails of an iron road. With tile exception of tile distiiinguislied astronomer
(of .1IIuichIt, who seems, especially ill his later experiments, to have (duily con-

idlerlc thel necessity of guarding against currents excited l,) tile extremitiets of
the lines in communications witl thle earth, the observers have given us no inti-
Imation how these collmmunicationls were established.
Yet it is not dilhicult to discover on any telegraphic line taken at hazard that

thle currents obtained in these lines dei)cnd on the hetcrogeneotusness of thel
plates which commiunicato with the earth. I have often seeu these currents

20 s
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undergo a change of sign when tile position of tile plates was changed or
their hleterogceneiousess was modified by causing tile current of a battery to pass
inl a given direction. These currents disappear, or are considerably weakened,
by employing plates and liquids as homogeneous as possible. By employing
more sensitive galvanometers and (luite homogeneous plates of copper, it
will readily bo recognized that the slightest dill'ereneC in timc composition of
thie water of tilhe termitll wells suflices to excite currents. It need scarcely H!
added that in operating iupon telegraiphiic lires, it is necessary to take account
of tile secondary polarities which thie currents of tlhe battery develop, some-
times in onle direction, .sulletimes in the other. Telegraphiclines have also other
causes of error duo to the varialde contact of thle wire with tihe posts. From tlhe
moment when I proposed to study this subject, I fell convinced that, before
aught else, it was necessary to possess a method by which would be rcalizecl
tlihe condition of having long conducting wires, perfectly isolated, extended in
definite directions, tlie com('muniainationls of which witli tle earth should be aIs,,o-
lutely homogeneous, and which should forill Illixed circuits, all endo)wed with the
sallte conductibility. It was in the following mIanner that I attained thcsu
objects:

lThe wire which I employed was of copper, twoW lmilliimetres in diameter, amld
covered with gutta-percha; this wire was suspended by means of a sort of cleft,
wrought in the top of a rodi or slender post of wood, such assis in iuse here fli'
mumilibiry telegraphic limles. Theso wooden rods wenr planted at a distai('ce of ?5
or 30 metres from on4e .mother, in two lines exactly traced, one in tile magnetic
meridian, the other 1perpenldicuilar to their meridian. E!ach of' these lines was six
kilometres in length, tlie place wlihere they were established Ib'ing thite phtin of
saitint Ma'urice, 22 kilometres from T'urin, a plain set apart for military exercises.
The comunicatios between textmitisetwee the exti'enit'sf lthe wirew ireand the earth wero
eltlected in tile following manner. At tlhe extremity of each line I causedl to
bIe ldug a kind of pit tof rectangu'rt form, two mletres in deptli and length, and
one in breadth; at the bottom of tuins pit was formed a 'cavity much smaller, and
which migh t be termed't sort4r, capsule, having a width adul depth of j30 centi-
metres. A bed of' clay, sitch is is used in tlihe fabrication of pottery, was carefully
spread over the interior siurfacee of thiis capsule, so tas to Iprevelnt tile water from
percohlating too rtipidly throughli its wall. Th'le same water, Ibeing that fro'm a: river,
was employed fior tile four cavities,a:nd the person apllpointed to superintend at
each extremity had a supply of tills water at htand, in order to maintain it constantly
at tile same level. Lastly, a porous cylindler, such as is used for the battteries of
Danliell, filled with a saturated and neutral solution of tlie sulphate of zinc, was

plunged in thie water 'at the centre of thie cavity, and tlhe wire of tlhe line was

united to a plate of zilnc perfectly amalgamated, and which in titrnI descended
into tile solutionll of tihe sulphate. The porous cylinders thus preplaredl and tihe
plates employed were tested iln advance, alid this testing wtas renewed from tinie
to time, 0so as to be sure tliat tle plates were perliectly homogenous. It rarely
happens that two plates once renlder'ed prl'ope'rly homogeneous undergo alteration
for several days when they rellain coInsl:uttly iiinmmreedill tle solution. HShohll,
however, a slight hetecrogeneity appear, it will suflice to washl antld amalgamuate
them anew, ini order to renier thelim gain hoIlogneemous. The two lines also
must be ascertained in advance to have tit(e salee co.dlitctilility. lin a mtnif'lorim
plain, like that in which I operated, time pits Ibeing excavated ini nearly thei same'

stratmin, tilhe difrences of conductibility could inot ibe great; linbut I succeeded
in rendering them (equal by deepenming by a t'few centimetres time cavities made at
thie bottom of tlhe Pits of tliat line which was found to lie most resistant.

Int this manner tile conditions of the circuit which I deem essential for these
experiments were realized. It is proper to reUmmark that, wishing to test in advance
two similar excavations, with cavities at tlie bottom as above described, and
formed at a distance of five to six meters froli one another, I found no traco of a
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current between these cavities, as I had obtained none in employing tlhe two
)orous cylinders with their plates of zinc plunged ill a vat filled witl water. I
l)roposed also to test leforlehand whether tile nature of tile formations ill which
tlhe pits were excavated might have some influence. Witl tllis view 1 caused
tle earth proceeding from the excavation of pits near tile place where I was
established to )e transplrt)led, landl two cavities formed in a neighboring field to
ie filled with it; having then introduced into this earth, in tile manner already
descrilied, tl1e extremities of tlle galvanometer, I obtained no sign of a current.
Very near: tile place whereti two lines, otrthi-solutlh anid east-west, crossed

one another, each of tlie lines was interrupted, nll(l tie extremities thus obltainedl
were passed into two capsules filled with mercury in tilt chamber where I had
stationed myself witll tlhe galvanometer. I (employed alternately three galvan-
olleters--onll of 1,500 coils, another of 100, and a third of 24,000 coils; tlie
umll,)ers wliich I shall report in my memoir were obtained with the first of them.
I must 1)0 excused for tiles long details on tile process which I employed; I

lhave thllglht it necessary to give them, as well ,y reason of thle importance of
sUcli researches as of tile dificiilties alnd uncertainty met will i the investiga-
tions which I have before cited. 1 continued tlhe experiments on tile two lines
for nearly a month, from the 12th or 15th of March to tile 15th of April of tili
present year, during which time tlio weather was generally fair, tile air cold and
dry,' tile suni very warmly. I cannot report ill this abstract all tile Inumbers olbtailned
in this llng series of experiments; for ten days the olservationsl were Imado
nlnost hour by hour, with a change of observers. I am compelled, therefore,
to give here onlya1 recapitulation of tlle results at which I have arrived.

1. In two circuits, foriled in the manner which 1 have described, it is rare not
to find electric currents more or less constant, whose origin cannot be attributed
absolutely to tile heterogeneousness of tlie terminal metallic plates, nor to chemical
action between tile water in which tlie plates are immersed and tile terrestrial
strata.

2. These currents augment in intensity by deepening the cavities into wliicl
tlhe terminal plates are plunged from 0'".50 to 2 metres; tile greater conduicti-
bility found in tile mixed line by deepening tile terllinal cavities accounts for this
result. The same may be said of the slight and transient augmentation of tile
electric currents which is realized by the effect of rain oni tile earth immediately
surrounding the cavities in wlich the electrodes are plunged.

:. It has not been found llat tlie extent of tile plates of zinc and tile diameter
of tile porous vessels have a distinctly marked influence on tile intensity of tllese
currents, when operating at a depth of two Imetres.

4. In tile meridian or soutli-north line, tlie current li'as always mairit'ined a
constant direction; Ihln(lreds of observations have contimually ;llownthat tlie
cuirrllt entered tie galvanometer by tile metallic line coming frollll te soutl,
nld issued from it through the line directed to tlle nortl. By comparing tile
very nearly conformable deviations obtained ill this great numllber of' observa-
tiol;s, it would appear that this current presents in tile 24 hours two maxinsunms
U11l( two minimums of intelnsitv. Tile two minimuils occul' duringg tile day and
ill tile night, at nearIly the samehur's,tli at is from 11' to 1 o()lock. After
1 o'clock ill tile night, tile current auignientls and attails a Ilaxilllllmil tt 'froml
5 to 7 o'clock ill the morning. 11 tlie day this naxillUl oscillates between 3
anld 7 o'clock ill tile afternoon. lThe differences of iltelnsity )between tle mnaxi-
11imns and tile minimums of intensity is greater than that of' 1 to 2.

5. In the equatorial lille the results are very different, and subject to great
variations. Frequently tile lnedll rests at 0°, frequently it oscillates, someltilnesinto one quadrant, sometimes into tlme other, ranging from two to three degrees,
and even 14° and 1.5° on the same side and oftel oscillatilng aroIund 0°. fhe
direction of these currents, wlichl has occurred most frequently in tile equatorial
lile, was from west to cast.
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6. By establishing communications between the lines south-east, south-west,
anl north-east, north-west, the currents realized were generally those which circu-
lated in the portion of the line pertaining to tlle south-north line.

7. Only the temperature more or less elevated, which varied from 0° at night
to 4- 14° or 20° lby day, was ever observed; thle humidity or dryness of thle air,
and even stormy weather, lad an influence on the direction and intensity of tho
current of tile nmeridian line.

S. Tho results have been the same, whether the metallic portion of tile line
was suspended 0on p)sts or laid upon the surface of tile ground.
What is tlhe origin of these currents? I believe it impossible to answer this

question with any confidence. What ought to be considered as perfectly proved
y exlpericment is, that in a wire, when it reaches a certain length and its extrem-

ities are in good communication with tile earth, thero is an electric current which
constantly circulates, and principally in tile direction of the magnetic meridian;
tlhe origin of this current is neither in the metallic part of the circuit, nor in tlo
terminal metallic plates, nor il any chemical action whicli might be surmised
between tlie terrestrial strata and these plates, or tlhe liquids in which they are
immerselld.

Should these currents be considered as derived currents? I have heretofore
demonstrated, what every one at presentr admits, and which is accordant with
theory, that tlie resistance of a terrestrial stratum is very nearly null and does
not vary with tile length of that stratum. These considerations are not favor-
able to tlie idea that thle currents we have described are derived currents. On
tlle pl.ill of Stint Maurice, I have made some experiments to ascertain to what
distance from tle electrodes of tlie battery derived currents were sensible. I
used for extremities of tle derived circuit tlie same ]lates of zinc plunged in tlhe
saturated solution of the sulhllate of zinc which liavo been described anlove. Tlie
circuit of tlie pile was six kilometres in length; its extremities consisted of square
plates of oppl)er, 20 centimetres to thle side, immersed inwater to thle depth of two
metres. Tlle battery was composed of 20 elements of Daniell; tile galvano-
Ileter of the derived circuit was tlat of 1,500 coils, before Imentioned. When
each of the electrodes of tlhe derived circuit was at a distance of 10 imetres front
the electrodes of the battery, in a straight line between tlese electrodes, I obtained
a steady derived current of 33°; this deviation remained constant during the
whole time that the current of the battery did not vary, that is for several hours.
On increasing, to 50 Imetres, tlie distance l)etweenl tle electrodes of tlie battery
and those of tlle derived circuit, there were 4° of derived current; at 100 metres
this deviation wass barely half a degree; and at a distance of 200 metres, it is
doulbtful whether there was any movement at all in tile galvanometer at the
closing of the circuit of the battery. It seems to me difficult to derive from tlese
exl)erimentslany satisfactory reply as to the nature of the electric currents observed
ill long mixed lines.

General Sabine, thle highest authority of tile present day in point of terrestrial
mnignetism, appears to adlnit absolutely tle magnetic influence of the sun upon
tlie earth. But, if tils influence be admitted, what explanation can be given of
the currents we obtained andttlhe differences of tlose currents according as tle
line is in tlie meridian or )perpendicular to it, or tlie periods of intensity in thie
former of tlese lines? Assuredly tliese currents cannot becurren tstof induction
duc to tle rotation of tlie earth. It is stated that Father Seccihi, the indefati-
gable astronomer of Rome, is occupied at this time in investigating the connec-
tion which exists between tli electric currents of long mixed lines and the vari-
ations observed in the instruments wliicli measure tlhe magnetic force of tho earth.
If a connection of this kind were vell established, we sliould certainly have taken
a step towards the interpretation of tlhe electric phenolllena of the earth.

It remains to report a result which las some importance, and whicl I I avo
constantly realized: These terrestrial currents have a greater intensity, in tho
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case of a mixed line, when, the distance between the extremities remaining tle
same, the terminal cavities which constitute tlie communication between tile wires
ind tlie earth arc at different levels, than when tliese communications are estab-
lished in a horizontal plane. For the verification of tlis, I have established on
the heights of Turin a line whose wire, in a straight direction, lhas a length of
scarcely 600 nletres, while the terminal cavities have a difflerence of level of
nearly 150 metres. The line whicll joins the two cavities is in an intermediate
direction, or southeast and northwest. T'lhe current has circulated constantly,
fir five or six months, from below upwards in tlie wire, or from tile northwest to
the southwest extremity. All tile precautions which I have before described
were observed in tlhe construction of tile cavities in whicli tile plates of zinc aro
sutnk, andi 1 an certain that tile current obtained depends neither on any hetero-
genieousness in the wire, nor on tlhe terminal plates, nor on a chemical action
between the plates and tlhe terrestrial strata in which they are imbedded. When
care is taken, as I have practiced for several days in succession, to maintain at a
constant height tlhe liquids of the terminal cavities, that is to say, the water and
tile solution of sulphate in tile porous vessels, tie deviation remains nearly invari-
able, whatever may be the state of tlhe sky and temperature of tlhe air, and only
after quite a long rain has the deviation temporarily increased. In this line I
have not remarked tile periods of which I have spoken. Other lines of nearly
tle samea length, established in similar formations at tlie foot of the hill on a

horizontal plane, yielded no sensible deviation.
If tlhe influence of tie d(ifcerence of level of tlhe extremities of the metallic line

shoulll be verified in a great number of different cases, if the direction of tile
current in tlhe wire should prove constant, that is to say, always frol below
lpwarlds, might we not be tempted to attribute tlhese currents to tlhe negative

clct:'ic state of tile earth, the tension of which is then unequal between tile plain
land tli. elevated points, as we f1(lind an electrified globe communicating with a
metallic point? As tlhe signs of the positive electricity of tile air are seen ill
(llect to augment in proportion as wev ascend in tlie atmosphere, so also are tile
signs of negative electricity found to be stronger in ascending, when anl isolated
loplper wire, one extremity of whlich communicates with tile earth, is carried witli
the other extremity in contact with the ball of the electroscope. Tlis explana-
tion might l)e submitted to proof when the atmosphere presents for a certain
time signs-of negative electricity. 1 have sometimes obtained very transient
signs of this electricity at thle approach of storms of rain, without noticing any
variation in tile current of the line.

IMy chief object has been to investigate the relation whicli exists between
these currents and atmospheric electricity, and next, to verify the result obtained
anl described in the first part of this memoir, by studying these currents in
lines, tlie extremities of whlich are sunk in the earth at different levels. T'le
first experiments were made upon the line above described, between tile hill of
Turin and the adjacent plain. T'le extremities, as lias been already said, were ter-
mnimamted by i)lates of amalgamated zinc immersed in a satulrateld solution of sulphlate
ot zinc contained in a porous vessel, which was plunged in turn in tie water of a
Fort of capsule excavated fror one to Lwo metres below tile surface of tihe earth.
This miode of constructing tile mixed* line is tlie only one which yields sure and
constant results, and I would advise all physicists who occupy themselves with
the subject not to deviate from it. T'le water which filled the two cavities was
thie same, and care was taken to maintain it at a constant level. During several
(lays of July, in tile present year, I have continued to observe from hour to hour
tile deviations of tlhe galvanometer inserted in this line; tlhe current was always
an ascending one in the wire, though I clanged several times the position and
"By this term we understand a circuit composed of an extended wire and the strata of earth

intervening between its extremities.-J. If.
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the ground in which the terminal cavities were dug, and tlhe deviation was not
find to vary il a lapse of many days, provided there wals neither tempest-nor
rain. After rain, the deviatiorl was constantly seen to increase. I have satis-
fied myself, by measuring a constant current transmitted in this mixed circuit,
thattie augmentation which followed rain was only the effect of tile better con-
ductibility of the earth depending on a state of greater humidity ill tle terrestrial
stratum immediately in contact with tile extremities of the line. And, in fact,
it couldl)e olbtaineld by pouring aroundtile cavity in which tile electrodes were
plltnged, within a radius of two to three metres, a few buckets of water.

I have tried tie immersion oftie electrodes in the water of a well, wlichl was
eflected by af very simple contrivance. For this purpose, I take a thick square
piece of cork andl fix, in a hole made in this cork, porous vessels filled with seil-
hllate of zinc. T'lie cork suspended by a cord floats on tile water of tle well

into which tlhe polruis vessels descend(; by means of aLcopper wire covered with
gutta:-percll: andl boud ttohe cord, the electrode of zinc was introduced into the
lorJois vessel and comllmllnicated with the line. I was thus able to establish tihe
mixed line, employing tle well water as extremities of tile terrestrial stratum, in
which the electrodes were sink. With this arrangement, also, 1 havO realized an

asceneling current in thle wire, andltile deviation was only a ifew degrees greater than
that of the current obtained by using the artificial cavities or pits which I have de-
scribed above. By using the wells wel.avo this advantage : thattlhe conditions
of conductibility of the terrestrial strata into which the electrodes are iitrolduced
reimalin invarialble. It is necessary to ascertain ill advance that the waters of the
two wells, when those which we empilloy are in two cavities formed in the earth
at a short, distance from olne ano oother yield an electric current. I have
\arlied as ft.r as possible tle excavations situated at different levels, but in all
cases have fulnd tile current in tile metallic line to be an ascending ole. I was
even enabled to divide the line at tile hill of Turin, a length of nearly 600 metres,
about midway where there existed a well, andl this remarkableand* conlstant
result ws realized: that, notwithstanding the greater resistance of the elitire
line, the current, wlich continued to be ascendant in the two halves, had still a

less intellsity ill tIle two lines taken separately than in the elltire line.
I have liad an opportunity of observing ill tleso lines tie effects of two or

three storuis during tile month of July. I will Jirst remark, that I have satisfied
myself tlat in leaving one of tile extremities of tile line in communications with
thel electrode and tile earth, andl tlhe other in the air, I had never any trace of a

current, even when using a galvalonmeter of 24,000 coils. I have often Imade
tile experiment of putting an isolated metallic vessel, at tile end of a wooden
staff from seven' to eight metres high, in comunlliuicationi with the extremlity of
the line which was in tlie air; placing ill til vessel sometimes lighted coals,
somiietimies touch-wood, solmetiimes shavings saturated wit burning alcohol, ill
order to obtain a largeflamhe and a current of heated air. Inl all tltese experi-
lments, whicheverm'ighlt be tile extremity of tile line immersed in tle water or
raised in tile air, 1 have never obtained a sign of the current in tilo most delicate
galvanometerl, provided care were observed to isolate tile line effectually and no
account wero taken of' the indications of tle galvanometer at tlie moment whlen
it was necessary to touch the line with the hands.

Neither, during storms, have I observed, with tlhe line, wlich was only 600
metres in length, any deviation in the needle at the mIomenlitwhen ligihtnig
flashed between clouds, provided the two extremities of tile line are not in Colm-
muniication with tile ground. When this communication is established and a

deviation of the needle has resulted from the terrestrial current, a sudden move-
ment is seen to take placo at each flash, such as would be occasioned by tile dis-
charge of tile torpedo fish. I observed at tlhe sam etimhe galvanometer atnd
an electroscope of dry batteries (a piles s&:hcs) communicating with an iron wire
front seven to eight metres long, well isolated and raised in the air, and having
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a piece of lighted touch-wood at the upper extremity. Most frequently the elec-
troscope gave signs more or less strong of positive electricity, which augmented
suddenly at the moment of tile flash. At tile same instant the needle of tile gal-
vanometer made a deviation of at least 15° to 20°. This sudden deviation was
always in the sa:me direction, indicating an ascending current in the wire, and
was additional to tlie terrestrial current. It should be remarked that I have
hlad tile opportunity of making this observation ill a case in which, on account
of pIlates of copper being employed as electrodes, the current of the line was con-
tratry to tile terrestrial current which is constantly obtained with electrodes of

'Thus, then tile ascending current in tile wire whose extremities are sunk in
cavities wlichl have aldifference of level of about 150 metres, and wlich, from
the manner of operating, must bo regarded as a terrestrial current independent
of the chemical actions of tile electrodes and the strata of the earth-this current,
I say,allugmetls suddenly at tlhe moment when there is an electric discharge
between clouds. There remains here an important observation to be Imade, in
which, as yet, I have not been able to succeed: to notice, namely, what would
happenn when tie atmospheric electricity is negative.
I have deemed it of some importance for tile theory of these phenomena to

substitute for tile iron wire suspended on.bells of porcelain, a copper wire covered
witli gmtta-perclha laid upon the earth andi( buried as much as possible in tile grass
and under the leaves. None of tile phenomena before described in thie suspended
liwic,whether with a clear sky or during storms, have been modified by tis
change of the metallic line. We can conceive that dl.ring tlhe flash of lightning,
at tile moment when an electrified cloud, which lad acted by influence on the
points of the ground placed within its sphere of action, discharges itself and sud-
ldeilly ceases to act, a sudden neutralization may take 1)lace in the conductingwire, producing til electrical effect noticed with the galvanometer.

It remains for me to report thle results I have obtained by operating on tele-
graphic lines of great length and whoso extremities were at a great difference of
level. I employed the same galvanometer and tile same process of communica-
tion for tile extremities of the line with tile earth, tlat is to say, plates of amal-
gamated zinc, immersed in sulphate of zinc, contained inl porous vessels floating
on tile\wter in tlhe manner I have described. I have made three series of experi-
menlts, one on tile telegraphic line from Ivrde to Saint Vincent, in tllh valley of
Aosta, 36 kilometres inlength, , and in which tile difference of' level of the extreIm-
ities was 281 metres. The second serie' ass made on tloe line from Saint Vin-
cent to Aosta,,25 kilometres long, the diflrecnce of level of the extremities being
83 metres. The third line, 27 kilometres in length, passed fromA:.osta to Cour-
miajeur, at the extremity of thie valley, and tled(iflerence of level of the two
extremities wa.s 642 metres. The' electrodes of zinc were su;tnk ill cavities idug in
tlie ground to the depth ofabouthalf a metre. These cavities I caused to be
filled with tile whitish water proceeding from tile glaciers, which flows in great
abundance ill tile valley; being that which, under tle circumstances,mIight bo
considered as having in every respect the same composition, 1 shoIld state tlat
tle line fi'oml Ivree to Saint Vincent is nearly parallel to tlie meridian, while the
other, fromn Saint Vincent to Courmajeur, intersects the former almost perpl)n-
dicularly.
The following were tlie results obtained. The electric currents in these three

lines, notwithstanding tile much greater resistance in comparison with tle line of
G00 metres on which I had previously operated, were stronger ; as were also tile
regular deviations, so as to rise from 40° to 60°, and even 80°, instead of 20°
and 25°, which I had realized on the hill of Turin. Tleo experiments were
made at very different hours, but tlh regular deviation indicated in every case
an ascending current in the wire, as in tho experiments on the line of the hill
just mentioned. In the greater number of cases, the deviation of tho needle
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remained at tle same angle during the whole experiment, which sometimes con-
tinued for an hour; but I have observed also, without any change having occur-
red in the state of t!:h sky, a movement in the needle ahlost periodic. Twice I
have seen tile needle deviate at first by an ascending current, and after some
minutes descend( to zero, then pass into the opposite quadrant and return after-
wards to the previous deviationl, becoming eventually fixed under the action of
the current ascending in the wire. It lias seemed to me that this phenollenon
was presented when tile water which filled the cavities of the electrodes was in
movement and flowed rapidly away around tile porous vessels. Reflection on
tlhe conditions underr which we are compelled to operate in this sort of experi-
mlents, will suflice to evince the difficulty of solving all the doubts which may
present themselves in the prosecution of our inquiries.

Notwithstanding tle difficulties inherent in such researches, and which impose
on the physicist the greatest reserve in his conclusions, we may regard, I think,
the following results ts founded on a hlrge number of facts conformable with one1
another and obtained under different circumstances:
When a metallic line is stretched upon the earth, lbut isolated from it, while

the extremities of the wire communicate with the earth at two points having a
different elevation, an electric current circulates constantly in the wire, tile cause
of which current can be attributed neither to tlhe chemical action of tle electrodes,
nor to that of tile terrestrial strata in wllich they are siunk.

This current is constantly directed in the wire from the lowest towards the
highest point, and its intensity is greater in tile longer lines and as the diffirenco
of level of tie extremities is more considerable.

Tlie intensity of tils current does not vary sensibly witli the depth of tilo
cavities in which tihe electrodes are sunk, and is tile same in the wire suspended
at some metres from the ground as in that which is in contact with it.
Two circumstances present themselves as constantly associated with thislphe-

nomenon, circumstances whlicl, by their analogies, Imay assist in expllaining it;
I mean the difference of temperature of tile two extreme points and the difference
of electric tension of these points. I shall only remark hece that I could cite
rcsilts in which the influence of difference of temperature could not be consid-
ered as cause of this pheoenmlon, which to me appears to bo duo to terrestrial
electricity.



CONSIDERATIONS ON ELECTRICITY.

Translated for the Smithsonian Institution from the Leipsic periodical " Aus der Natur,"
&c., JIc5.

There is noticing about which more speculation is in(dulged than electricity.
The word is in every mouth ; yet is there nothing perhaps so little known.
What, then, ctricity t tis question even the most learned remain

silent; but these are at least so honest as not to dissemble their ignorance. Teo
Iilearned would probably answer: electricity is lightning; and, though nothing
is thereby gained, by this explanation the generality are satisfied. But what is
lightning? Natural electricity. Let us, then, frankly confess our ignorance;
the avowal can incur no reproach. Till now the part of physics which deals
with electricity lias been principally occupied in collecting a mass of isolated
ifcts, which are often without connection with one another. They may be likened,
therefore, to single stones awaiting arrangement in a building on some deter-
mined plan. These facts in like manner wait to be combined in a science, and
connected witl one another by means of a general theory. Scarcely lias tlhe
way\ thereto belie pointed out, though these facts have been grouped together
Illnler a number of subordinate laws, as, for instance, theo phenomena of electri-
ca'l distribution of statical induction, an(l the operation of electrical currents upon
the magnet and their effect on one another. These are indications by which we
Imust b)e guided in further advances; laws which a future more comllrehcnsive
theory Imust connect and explain. Let it, in the mean time, be known that all
lwhiclh lhs becn witl great pains wrested from nature still leaves us in the uncer-
tainly arising from frequent chasms and insecure hypothesis.
The consistency of true science demands that experience should have first (dis-

closed the fundamental facts; that next the inquirer, with eyes aided by every
resource of art and witli balance in hand, should seek to conciliate witi oneo
another, through their relations, the different and often deceptive plhenomeln a

whllich determine thoso relations. Nor is this all; on tlhe contrary, here begins
tlhe real labor. A law must be found for these empirical facts; this may be some-
timles simple, sometimes complex, .but must alwaysbleaC mathematical one and(
capable of leing expressed through formulas. 'Tllis general law being once
fon(d, it remains to deduce all possible consequences from it, fidl again to verify
these consequences by exl)eriment.
True science is a connection of fundamental facts, with laws which are derived

from those facts, and deductions whicl have leen subjected to verification. So
long as one of tllese three stages is wanting the science is not complete. Optics
md(l astronomy have arrived at that point; but how is it with electricity ' Wo
still stand inl the presence of' groups of facts which yet wait to be connected
under a general law.

Let it not be said, then, that electricity is tho single science which compre-
hends in itself all the rest. Ijot it not bo proclaimed in the streets that our ccnl-
tury, which hlas called forth tlie electric telegraph; may sleep in poeco, and has
notiling more left for it to do. Were it not, on the contrary, more judicious to
.say that we liavo as yet scarcely accomplished anythilngt Better were it cer-
tainly for electricity if wo kept in reserve a little of our admiration, instead of
lavishing it on the consideration of what has already been achieved. Perhaps
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the future has more in store for us than we have, lby hazard, so to say, hitherto
folinl. The rilddle is propl)lundedl; let us earnestly seek its solutions. This,
according to the line expression of Pliny, is still hidden in the mysterious majesty
of nature.

Tha't tile most mistaken views upon tle subject of electricity are w.'ielv cur-
rent is scarcely a matter of doubt. The "natural-born" iaive:tt.!s are exlressls
governed b)y tile idea of constructing an electric ,battery whic', sfihal cost nlothillg.
This is with them a fixed idea, which can be shaken by no scientific discussioll.
Yet what that is new and noteworthy lias resulted from; their attempts? Noth-
ing worth speaking of. All improvements of electrical batteries which have really
been adopted into practice are but .variations of thie models furnished by(Gove,
Biunsen, Becquerel, andl Daniell. In every electrical battery we lhavie to keep
in view tihe intensity of t'iV development t of electricity and its constancy. Ac-
cordilng to circumstances, one of these mnltst I)o sacrificed to tle other. If t
inventor aims to construct £a battery wliich sliall occasion the least )possiille
expense, hie must of necessity occupy himself chiefly with tile constancy ; since,
for a single element, the intensity of tlhe currellt dependss exclusively oni the
electro-motive forco of tlhe electro-positive substance which is employed. In
tllis respect zilnc, among all ordinary metals, occupies tlhe first place. Witl tile
alloys iotiling las been attempted on account of tile secondary Iphele nomna whllich
liere )present themselves. It cannot, therefore, but be useful to give a compala-
tive statement of the electro-motive force of dliffelrent metals in relation to zinc,
which always liolds tile first i)lace, and is therefore marked as 100; especially
as so-called practical men seeml to lave little knowledge on the suilject. This
comparison sllows tile energy of tlio principal solutions to which we can have
recourse in practice, upon tihe metals which industry has placed at our service.
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Th11is it will 1) seen that tlle intensity of tile current developed depends on

tlhe chemical action exerted by tile liIlqid on tloe metal: chlorine, for instance,
imparts to ttle copper and silr ia collsideralle degree of' electro-tmotive fice.
If we w\'Oull CLeIlloy tlo alkallies as tile operative li(lqid(, tile order of tile (lctro,-
motive forces would le dif(illrent; foremost ill this case wolld stand(: pota:ssilulll
almllintlinum, zinc; fand then would follow: anltilmonyl , ,ismllutll, alnd col))r. It
Ilas been sometimes l)roposed to Imake use of thle su llphric coml)inations a1s source'
of electro-mllotive force; siilphuret of potassium would then b)e certainly tlie ,nrst
appliclale, lbut practice has shown that with this no advatntageous result has1leel
obtained. Inventors, who are choosing the solution for a superior battery of a,
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single pair, may determine in advance tile electro-imotive force of their cotiiibina-
tiln tlroigh t(lie tldif'eence of the electro-motive forces of the metals which tlhey
illminerls ill tile selected liquid.

'T'l'e first part of tile probllemn is thierefotre fixed ; inventors must, cons(eqlently, nlot
step beyond this narrow circle. The (choice of thle metal 1and tile liquid depend
on the chllemical operattion upon one another, for thence results the electro-limotive
force . Upol) tlie question of practical ecolonitiy it would lie useless here to insist,
as tlie attention of the industrial inventor will of' itself be sutliciently directed
to thistioinit,
The so-!'cos of a competent electro-motive force having been (iscoveredl,and

the degree of intensity determined, next arises the question of persistency. T'bhe
esseiitial fact is here too easily forgotten, tlat thie total itltensity of a coinlpounid
jiair is equal to the suml of tile intensity of the chemical reaction of tlhe li(qidl
on tlie electro-negative element, 1and oft that of this liquid on1 tlCe tlepolarizingl
Sulbstlance, while tlie total intensity of a :inglo pair is ('utll toto toildie'lnco
itweeni t(he intensity of' tle chemical activity and tIllt which inversely proceeds
'rom tlie intensity determined thirolgh tile polatrizillng current. S, soon as the
inventor leaves out of consideration essentials l elements, chance alone can lead
iiinl to a satisfactory solution. \IWhatever liqii(d and metal be employed, there
always takes place a change of tie latter, andl a development of hydrogen gas
which collects about the positive electrode, whether this le metal or charcoal.
Tlhe inventor )Imust therefore contrive that tis gas shall b1 absorbed as coml-
piletely and' at as cheap a rate as possible. Acids, oxygen, salts, and comlbina-
tit us of chlorine have hitherto been alone used.

'Tlhe (Iiestion as to what active metal shotil lie employed inl electrical batteries,
is already well liigli exhausted. Only inventors entirely ignorant of tile gronllds
of its' plei'lren csFeek to replace zinc by someI cheaper metal ill order to obtain
an equivalent allout of electro-nlotive force. Somei have llad recourse to thio
alloys, but they have not )plid stuflicient attention to tile secondary currents,
which nevertheless play so considerable a part in the action of an electrical bat-
tery. On this account evenl irml'o and lead, wlich their comparative cheapness
s'ceiis so stronglyto 'recommendll, can be 1o fsulstitute for zinc ; fi'r by reason of
the variable contents of foieiign admixtures it would lie ilmlossible to count 11po)
uniform electrical intensities. If it be true that tinr' electrical fi'iction of(i lick-
silver in tile 'atialgaill of( zinl is not known, yet its influence cannot be denied;
but it must not ble supposed( th tlttils resoucl'e is applicall to iron,toi,il' leIad,
ifir these metals are still less adapted to amallgtaation. The value of their
elcetro-motive force, when roulghlt into contact with diluted sulphiuric acid, re'fei'
its(,ll' to tests whiicli are as chemically pliire as possible.

T'lie chemists ari'e a tpieset ('Itgaged in researchers for thle discovery of new
mi(.etals, but they Ihav as vet 1fund(only metals of' alikalies or alkaline earths, of
\tlicli it would seem almost impossible that large masses should liefIluIlished.
So soo01 aslthese Imletals sliall have passed into tle service of' practical ilndlstry,
as is already thets(': witli sodiumi, alnillin,aluminum land lmagnesium, tllre is reas(;n
to hope that anll electro-positive element for the electric battery will b)' discov-
erel, which shall i)0 as potent as zinc. The so-called spectroscopi(metals will
ill this respect probably li niot far removed frol l)potassiltm and so(tliml.
The choice, of tlhe liquid(loes not absolutely depend on that of tillo letal which

forms the electro-positive element ; we must here keep in view also tlte duration
o,f tle action of tlie battery and tle chemical nature of the depolarizing sub-
Itrtlce. If only tlhe (energy be regarded andt tile duration of action lbo limited,

tie' intensity otf chemical activity is of greatest interest; for amalgllamated zinc,
d(ilutetd surlplhuric acid, is then lI'referaiby as tle active liquid. It is not unimplortanthe're to remark thalt tlie electro-lmotive force is not incrllased with tlie degree of
streng(rthl of tile acid. Electro-lmotive force and resistance lar words only too
,of'te used without being sutlficiently comprehended. Inventors who aiim t con-
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stricting a battery of extraordinary intensity often take. no consideration thereof,
and yet every elementary work on physics tells them that ''the intensity of an
electrical pair is directly piroportionial to its electro-motive force, andll inversely to
the total resistance."

MAuriatic acid, c(filorine dissolved in water, or a chloride, would lbe active agents
almost as energetic as sullihuric acid, but less practical, witl the exception of
commoni i t. Sodfa dissolved in water would act energetically upon zinc, hut
th, euiwiivalent of electricity thereby generated would be very expensive. A
pair whose active element should e aluminum andand a solution of' soda would
possess very great energy, ulit would le trtully an article of luxury.

T'Ilie controversy is greater when tihe choice of the depolarizilg material andi the
arrangement of thlie pair is in (piestion. A methodicial study sloiltdl not allow
itself' to Ie misled, however great may 1 e the combination ; tihe oelrver uhist
ay attention to tiletetwo essential elements, which most inventors ineglhect. We
know the opposite influence of both tihe substances which surround tihe electrodes;
we know, also, that tlhe total electro-mnotive force is tlie( sum of those which arc
developed in the interior of tihe pair between tit( different elements of which it
consists; tile analysis must tlierefore tbe extended to these partial actions. Ac-
count must then ibe taken of' tile condulctibility which is proper to thie(llemeints
themselves, anlld of the influence which their arrangement exerts on the resistance
of thle pair. The electro-motive force is of course in each pair ilndependenit of
tlie dispositionl, the dimensions, and the nature of the diaphdragmis.
The three other points to lie considered in the arrangement of an electrical

battery, the choice of' thle positive electrode, tihe dividing walls, and the general
disposition of tihe pair, are exclusively dependent on the resistance which they
oppose to thle conductibility. The positive electrode must lie as perfect ai con-

ductoir as possible, and on thi's accoumlt theipurrest possible metal must be emtploycd;
to supply such, however, is very costly. Tlie use of llatina las been renmuiinced,
as it is mechanically wasted. For batteries of very energetic action, as those with
nitric acid, chlorides, &c., coke or retort coal would seem to lbe tle (olly prIoper
conductor. But this substance, as furnished ill trade is found upon trial to have
very different qualities. Some specimens resist fracture and conduct well, while
others are very porous and frangible, so that sometimes tihe elements of onle and
their same battery didler greatly in tihe intensity.

This inconvenience, which is founded on tlhe inconstant nature of the positive
conductor, is diminished with elements of weaker intensity, where the depolariz-
ing substance is a metallic salt, whether inll solution or solid. IHere we ilIV

plainly adopt tho same metal which forms thle base of tihe salt. Th'le c(ducting
surface is then, through the action of' tle pair itself, always maintained iln a state
of absolute purity. T'lhe constancy ofi tlie intensity of a pair results from tIhi
maintenance of a conlutinual identity in tile surfaces of both conductors. Much,
moreover, is gained in this way as regards expense, for it is the only means ef
completely recovering tile costly substance which is employed in tie(depolariza-
tion. Another inducement for adopting for tile positive electrode the same metal
which is contained in the salt surrounding it results from a consideration already
presented. Since the total electro-imotive force of tile pair is tile sum of those
forces which are developed in the diil'erent parts, it must 10 an object of' interest
to limit that force wliich proceeds from the contact t of' the positive electrodeC, whiet'
opposed to the principal intensity in consequIence of tihe attack of the electro-
positive metal, and on tihe other hand to dev(e'hlo that which is siilarlyh'i directCed
with this intensity. The latter will generally bo the case, if' the neutral salt
and tihe metal are sufficiently pure.
The choice of the depolarizing substance inust be decided by thle allowing

considerations: by its affinity for hydrogen. Mi order that it may be readily and
completely reduced ; by the nature and physical condition of the precipitated
metal, when it is a metallic salt, and !by teio chemical condition of the products
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whliclh originated l(lder other circumstances. IThis, for example, fromin itric acidl
,proceed many products of decomel)ositilo which are set free ill the acid and weaken
its capacityy 1t' tle ab)sorpltion of hydrogen. Thle actioll ceases perhaps only in
,o1ns(ll(inelec of the excessive resistance which tle d(epolarizing liquid so quickly

:issiImIQs. This cessation sue)(r'venes more Sl)e(lily witli the comblintl:itions of'
oxyLen heretofore tried; besides tinlt they are very costly land yield resi(duumi
whicl aro of nlo value. Batteries of this order are generally very intense for a
certain numibelr of hours, )but their intensity then diminishes very rapidly, for tlle
twofold reason already mentioned. The metallic salts, which exert scarcely any
ilflllence onl tle acting (li(iid, lbettcr Iprteserve their inltensinty.Since they are rea(l-
ily r(edcl(ed, it is only their con(lluctibility whichcomes into consideration. As tho
ilmlllersed electrode is of tlile Saiii nature', it will for someII time lie improved at
the expense of the salt, llland in clse(quenceO of this reaction will also maintain
thie physical uniformity in its vicinity.
Any advice respecting tihe (lialprams must necessarily le very precarious;

thlev are detriimental through tlie resistance which they occasion and on account
of hile wailt of identity in their constitution.

''lhe inventor of an electrical battery h:as still to pay attention to the con-
ductiblility. It nilst beheICe' remember( thlit tih chemical d(ecolmlositionls pro-
ceed in fixed proportions, and sillceC, as soo( as tile crI'rent cir(clates, each )pair
in a battery acti; as a decomposing apparatus, and each performs tlie tille labor,
it suIl'ic.s to determinii thle performance( of blit one pair in order to be able to
coml)ptte that 1of the whole battery. 'l'Te weight of til( copperplreciplitated in a
v1ltaineter is directly proportional to tle electro-motive force of tile pair, and is
in inverse proportion to tlhe resistance. As, according to thlo electro-chemicial
law, for one equivalent of tih precilpitatedl cooper, one equivalent of zinc and a
orlrresl(ondilg quantity of tile acid are consulilied, weo lv tetio Ineas of ascer-

taining tile cost at wllicli tle pair operates. In reality, however, this is greater
than the theoretical estimate.
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FnoMs GENERAL G. W. DO)(D, U. S. A., IFOinT LEAV.NYRE.,W'T, MARCll 16, 1866.

My corps (tlie 1Gtl) reached Iteswcll Sunday noon, July 10, 186:5, and we

immeldiatelyv c(roedth(I river nand worked until Wedt(esdayl ighlt putting inl a

db)lell-trackl trestle blrilde. ']'he weather was excessively hot, tle hottest, I
thiliik, we\ experienIIced durling tihe campaign. On the south side of the river my
corl)ps was forllmled very compact iln ta fe dg point, covering tile bridge, for I had
all 111 artill ery ill position,:an Imost of the infantry had their arms stacked, as

there were Iwhav de(tils for work on tlhe. bridge. It was finished about 5 p1. in.
Wednesday, andi tlhe 1 51 cops,which arrived theretl halt day, commenllced clross-
ingt albotlt (; . il. A gale oft will arose, blowing terrifically for 15 minutes,
whenlli tie thillder-shower ca(1e0In, the rain posing down in torrents, and the
thunder and lightning gclse tether, and hardly any distinction from one peal
to another. It was so strong I at at times the 1,tli corps had to halt. This
corps was crossing tile bridge, during the storm, and passed directly through my
lilies,lad went to tlhe .l't,lt'lerc not being room in rear of 1my entrenchments
for it to bi\vouac, and it was halted right on tihe road and onl the bridge, thus
1 cing in the miidst of' m!n cor''l': at tlhe Ihlaviest part of tile shower. The light-
ning first struck oil ti ( I;il1 I, thntlutI ls ide of the river, in a battery in position;
then in a regiment of infantrya: slhoirt distance to the right; then on tile north
side of the bridge, il thle valle!, and right at thle Ilead of tile bridge, where miy
pioneer corps was camped, killing one iman andl several mules. l)iiring this
time it struck one or two ,itler points, doing no damage, however. Itorses alnd
lilen in the 15hi corpsl-, oni thie bridge, were knocked down, but not imiatelially
ilnjlluedil ; :and 11 great 1many1 ill tlie 1511t nad 16th corps felt the shock. It was

tlie IImst (destrucl'ti'te iln l(' batterv. In IIV corps 33 or 34 were killed or

wounhlided, and quitee a: limilllier-1I bellieve 18, ibt 1 inmay e lmistaken-were
killed lutlrigllt. '1e11 wo\un'd1ed were biillned , paralyzed, and shocked-sonme
severely, some slightly, I!t all had to be put in hospital. ()nI thleI.bodies
of' tle killed couldibe traced( lie tracks of the lightning; so I was told, but I did
not examuiniel tliem. 'They were lnot mtticl, if ainy, mutilated; and I remembtler it was
.)pok(en of1' thlt one or tw tf' the killed hadln(t even at trace on tlihem. Several
tanks of' musIkets we\\( str( ck,snt,utbntul, bits' split, &C. It was one of the
nI)ost terrific storms I eve(r ellerienced, and the lightning nl iapearted to strike
close( arou()nd us at every( flash Ilf nearly(yial' f an holl()u. It struck close to 1my
tents, )o clos(, tlit all ill litri f'elt tlie shock sensibly. 'They were Iitculed o
thei! I)iils 11nortl of ((i ri'verl, me-11(!1111 mlile 1l'()fo the line where most o1' tle
damliage was do(ne. No poeiisons were in jured except in liy corps. It was Lieu-
t(enant tMaelir's light battery 1F, 2'd Uniit(e States artillery, that suffered imost.

fI;rget ti( regiments (of' infi;ntry, but it included( two orthree.
I tliink tie storm caetlle( fim'(11 tlhe northwest, blut I will not be certain about

thlis. I klow that, altlllLhug it was o)lvl six o'clock or therelaolui)ts, it was so
dark that we couldI niot see. Thle .heavens were very black, rand all liglit of day
s'ee(ed to ble slit uit. The gmriIn, trees aml some stone Imildings we had
erected were struck. 'I'The stori diid not extelnd very far to the north of uis, nor
to tle south. Its track seemed to Ile from the northwest to tlhe souitihast. I
ordered tho medical ollicer to make a full report, stating tlhe circumistanlces, tlhe
nature of the wounds on both killed and wounded, which was done, lnd llroperly
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forwarded.l rom that data, if it can he found, ImorCe defini c and accurate
inforinution can lbe obtained.

Note from General O. M. P'ol:, 1T. S. A.,ln relation to thle above:
" At tihe time of the remiarkaI)le electrical discllarge, of which (Iene('ral )Dodte

Fenlt vyon so11me account, 'he was in command of that portion of tile 16tI arlmy
corpsI, which accompanied (Geueral Sherman in lis Atlanta campaign. Ilis com-

m,,:,ad was at Ilswell, .eorgia, wliere theyl built til dger refelrredl to, and a
Imltion, olf, the forcehJ1ad crossed to tlie southern hank of tihe Chattahooeliic river,
;uwi1 it was among, this latter force that ti!e casualties occurred.

"es\we\ll is situilate(d (, tlle Chattaloocllio river, al)bot 18miles northeast from
where tie railroad from Cl:ttanlooga to Athlnta crosses tile Clattaliooc(lli river.
It is about 15 miles (lile (:ast from Marietta, land is in a very lbrokenl, almost
imoalnitainlous regionl-tlhe southern slope of tlie Apalaclian chainn"

FRtoM PittIO)Fss)oi JOhlN C. CltESSON, IPIIII.ADELPiIIA, MAY 23, l18f;f.

During a brief thunder-shower on Sunday, Mayv 13th, at 4A p). mii., ani electric
dischllarge occurred at Frankflin square, in this city, under thle lollowig circumi-
stiinices:
A simalll elm tree, about 40 feet high, standliig about 190 feet souitl of : flag-

staIll 1350 feet lhigl was ilinjulred, and(l tlie 1,ark torn fromits soullleast side for i'

lnllgth of 20 feet. A splinter of sal)wood twoirnces wide, one ichsthick, aOnd
aloiit 20 feet long, was rippled out oin tlie southeast side and scattered iln1lilnilto
shreds.
This injury dlos not reach tile base of tlle tree nor its topmost branches.

This tree is surrounded byseveral others, not more( than 20 fee t distant alnd
several feet higher, uone of' which tlre injured. At the distance of 1 2 feet nearly
en.,t of tile injured tree is an iron lamp-p)ost, with a gas-l)ipe protrudlilg at its
topl, nine feet from tlie ground.

'ime tluiinder-clotid apllroachledl from thei southwest, and tlle manner of' tle
(cciu'rence seems to b)o thus: Wh'lie tlie charged cloIud came nearly (over tlhe
h:llp-post andl gas-pipe, thle Iatter formed a1promninent conductor, andl by maIking
;am openl way for inductive action, determined tlhe tilm and line of discharge.
The' line was along tlie solthealst side of the injured tree, and near enlourghl to
cause tlle injllry 3by violent (listurlllliceo(f electrical equilibrium along anldalrotnd
its Ipath. Thinking the facts 1may 1( dleeimed worthy of record, I veltltire to
s.idtlthis statement, and cannot lforbear to accompany it witl my notion of thl
middle of action.

FI'r.MITNIRY IIAAS, D:'PAUVIILL, JEFIIrERSON COUNTY, NliEW YOIK, APRm, 2n0, 1867.

lAout sunset on1 tlhe 20th of April, (during the thuinder-storm. an electric dis-
clilrge struck tie dwelling of .1. ,llldmunds,l entering thrloughll tlle open front
(Ioiri, knocking tIe wooden blocks froIm under tlle legs of a cooking-stove, with-
oit lupsetting tlle stove, the, passing across thie room, into1 an adjoitninlg al 11 t-
mlent and (ilt at tlth window, Ibreaking a nIumber (of lights, doing no other injury
to the building. Thr1'lee personIs sat around the stove at tile moment thle electric
fluid entered the hollse; they were oemoe or less stunned, built all escaped unhurt.

FROM II. J. KRON, ALuEMARLE1,, NORTIH CArOI)IINA, Alllr, 24. 1867.

At Attaway Iill, Stanly colity, North Carolina, there was a heavy thunder-
storm from tlle southeast during tile nlightt of the 124th of April, commencing at
about 11 o'clock. There was a rapid succession of thundeIr and lightning, with
eating raill and hail of small size, Ibut no ldaminage (donle. At tlhe distanIce of

alidouit a mile the lightning struck the lowest of two piine some nine feet apart.
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Tih long spiral track from tlie summit down ended within a foot of tho ground,
which latter was neither perforated nor 1ploughed up.

[Probably in this case til electricity was carried off by a temporary flood of
water over tile ground at the foot of tho tree.-J. II.]

FROM PIlorESSOR B. . MUDGE, MANHATTAN, KANSAS, JUNE 15, 1867.

At 7 a. m. tlio lightning struck tlio houso of William Iiginbotihom, in Man-
hattan, Kansans, (two miles from tile college,) and severed tile lightning-rod at
every connection or joint, without damage to the house. Tllo rod was1-inch
iron. The connections were made by a brass nult screwed oil to the eCIls of each
section. T'he brass nuts wero in some cases melted. Tho point, to fhe length
of half an inch, which was of copper plated with silver, was also melted. AWhenT
the fluid reached tile caves of the house it parted, and one portion followed the
tin gutter-spout round the house, turning eight square corners (right angles.)
At eacli angle tile tin was burned or melted.

[In all cases of an electrical discharge a repulsive energy is evolved in the
direction of the axis of the conductor, tending to break it by a transverse frae-
turo.-J. II.]

FROMn Trun NEW IAVEN (CONNECTICUT) JOURNAL.

On the 20th of June, 18G7, the lightning struck the house of Mrs. R. M.
Page, on the corner of Pleasanlt and Humphrey streets. 'Tlie bolt, as it neared
tlhe house, divided, one part striking the roof near tile west chimney, and passed
through thelrooit tearing te tin roofing in such a way that it looks as if it
hadbeen forced ofl' from the inside. Thel fluid passed into tile attic, striking
the chimney near tile roof, and gouging out alarge lole in it, and then passed
out of tile attic window, making two holes through one of the panes, as if two
small cannuon-ballslhad ieen shot tlrougl it. After passing, tlrougll the window
there were no further signs of its course. T'he attic roomwnas thoroughly shat-
tered, and tlhe ceiling splintered into a thousand fragments. Thle other branch
of the bolt struck tlie east chimney, knocking off a good portion of it. It passed
down through tile roof to the attic iloor, and j)assed out of the room at tile
southeast corner, and ran down tile water-pipe to tlie ground, shattering tlh
earthen tile drain that conducts the water to tile cistern. From here it paUsed
through tile corner of the house, following a nail, coming out near a watcr-pail
with copper hoops, that stood near the sink. It completely demolished tile pail,
and seemed to have spent its force in doing So. Under tile attic room, on this
siide sf tile house, was a closet, the lathanltd plaster of which were' torn off.
Some of tile plasterinig was thrown across the chamber and struck tle head-
board of the bed witli suchl force as to stick fast. Under tle pillow of thie bed
was foundl ltl il that was so 1hot whenthrown there that it burned tile sheets.
A woman wlio lad just closed the b)asement window and crossed the room when
tile stro1k enteredalt the sink, was thrown prostrate,iand was miiuch stunnedalnd
(leafened for awhile; land her husband, who was sitting in tile room alone witl
his child, was also considerably shocked. Persons who were in tile street near
tio house at tile time were also stunned, andliad to grasp hold of the fence to

keep from falling.
FROMDI). SAMNUE:L D. MARTIN, NEAR CIILESBURG, KENTUCKY, OCTOnER 27, 1867.

I to-day saw for the first time a tree that lad been struck with lightning,
probably in Juily. It was a white ash, about two feet ji diameter, anld stood in
a woodland pasture, about half a mile east from my hlonse. The appearance indi-
cated a remarkable power in the discharge. The tree was split up into pieces
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nliiit .as large as common fence.rails, which formed a circle around the stllmp 1 0
fIet ill diamileter. (.)lie of these rails is 30 ife(t,long, another 27, and most of
the others alou t 12 feet long. There wrew a great 1111111ber' f splinters, three
or four feet long, cast outside the circle.
[The remarkable energy cxhilbited in this case, as in others of a similarultar-

acterl is probably due to the sudden conversion of tile sap into highly elastic
vapor.-J. II.]

FRoM G. WTrRIGHT, STERLING, WIIITESIDE COUNTY, ILLINOIS, DECE(RMBER 5, 1S67.

As I always watch tie approach of storms with great interest, I was, ill tiis
instance, well repaid for my trouble. The hicavy mass of clouds in tile so lntl-
west giradtlally raised, so that tile lower edg(e was distinctly markeld'lupon tile
filling rali, as is usual in udlden storms. I3Bt I observed to tlmoso near le that
I never before saw tile line so clearly defined and so regular; but suddenly a

larg* Ilmass began to protr'ude from tl;e roIii(ndel outlineallnd aprtoachl tie earth
ill tle lform of a cone, with te apex towdstowar ile earth. As we live on tlOe lito
iof tile great tordl'o,so(nc of my family apprehended tile cloud was taking tih
fearful sl:ape, but as it rapidly approal.(hed tile earth a vivid flash darted fromn
tilr lowerI ]oint, which was still ro(.llled, and tle whole 1mass1 was ( lickly drawn

p) illto line again. 'Thilis as repeated as tile hower app]l)roached,until tile colne
i(llcscded fi(roli tile same part of tlle cloud three tiles, :nd then, as it ibegal to
mill where(we we re, tlhe outline ol' tile choud was lost to view, I ca:ilnt describe
to yout tlhe sensation which I felt as tlhe great mass of dhrk clodls fill witl
lie.reasing velocity toward tile earth ltt itiwas nmuch like tliat whicll one

expericlles il rolling a large stone from tile o1ge of a precipice. The display
was so grand that it will never ie forgotten )y tliose who saw it.

lAln accollt of a )precisely similar phenomenon is given ilnia letter to Dr.
lit've, fIrm1 Z. Allen, of Providence, published il tile Tranlsactions of the Amnerican
Pliilosopllical Society. The flacts are interesting iln relation to thle connection
of electricity with tornadoes, of which tile descending coline was probably anl
ilciluiellt oie'.-J. II.j

FrtM CHlAItLES C. BOMENI:ll, VYIVAY, INDIIANA, MAY 260, I6O.
May 26, 11 . nm., to 27th, 1 n. im.-'Thlllunder-storll (f uncoimmoni violence

fr'lo tile southeast; wind fi'01o tile same direction. It was precededbly a strong.
gale of 15 miminutes' duition ; lightrling zigzag. 1Tle Stolrm raged ftor 30 mil-
tites, after which it soewlat albated, .al alpparllently psed talav, when sull-
lcily-, at 12 o'clock, a leavyl discelar:ge o electricity, acc(oml)laniied by a terrific
expulsion, seemed to startle all 1natuire. Ill tie mo'ling I asc'ertaiid thiat it
strilck near Itlli arket-place; tlie object was a rack placed Iltre1fii' tilhe 1itchingl
of1,I(i'ses. lThe rack i1: fabolut -10 feet long, in(Id uponI posts (locust) three feet
fro1, tile grou1nl; onl tlie top Irail are 2) iron rigilIgS fastened witll staples, and the
rails thml(selve\s lfastencd to tle )psts withieavy iro clla llps. 'I'Tlis top rail
\ias e(*tirely thrown oil; and tlie posts .shattered into splinters. soml of them
v.'crcscattered in different directions more than 7;) Ifeet. 'Th'le ost rell'arkab)le
f isactisisot tile llacisrr d Sglillings, all of whichll escaped.dIcsticltio, . N north w st,st75. fet Iroml thlie place struck, stands a brick billingg.
civcrctd witl Ilet-lli roof, 75 feet higl; southward tlie openI markt-)'lace;s(iiithlicist tlie Ilarie;t-house, 40 feet high; and northeast, at ia distance of' 125.
:e't, a row (1' two-story brick buildings. NonIe of these are sutl)liedl with
lightniilg COtndfleCtrs.

electricityy, il its discharge fom tile clouds to the etlrth, frequently appears.
very calpricious; but in all cases tile dischiarge is as it \wereI predeterminedIy thl

21 s
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line of greatest attraction and least resistance, conditions which cannot, in all
cases, 1Ie Iscertaicned, even with a minute examination of all tile objects, since
active attracting materials frequently exist beneath tie surface of the carth.-
J. Il.]

F11b6M W. S. GILMAN.

One of tlie most beautiful electrical phenomena imaginable was witnessed on
the evening of the 9hi Januarylli, 1868, in tlie office of the Atlantic and Pacifij
telegraph liIntl, Rochester, NeN York. Wire No. 1 of tlns line was down between
this city audl Svyracise. Suddenly it was discovered that neither wire wonlid
wNork. A contiinuois current of electricity was then observed to b)e passing over
tlie 9iresan'd tlhroughl the several instrimtienlts, and this wllile the batteries were
detached. ''lie current seemed to lie of thle volume of a medium-sized pipe-stenm,
and exhibited thie several colors of thie rainbow. With the key open the current
flowed, ill waves or undlllations, and froi'm the surcharged wire it leaped over the
iisillated portions of thle ikey and passed along tle wires beyond. The sami
phlenomenllon w'as observed aIt Bllf'alo and at Cleveland. The gas in the office
was lighted without diflciiltybty holding the end (of' a wire witliin Ian inch or two
of tie gas-blurner. 'The current was intense enough to shock one holding the
wires orMinstrumiilents; indeed, one of tile emllllovys of tlie office had his liners
scorclied by the current. With closed keys tihe r t wacurrentwas ntinuous, as eure
stated.

This phenomenon las never been witnessed except when cold weather prevails
extensively. Thlie broken wire spolkeni of which rested onl the ground, was tioe
point of communications with tlie earth.

Here we may notice one tiling not generally known. A lpiortion of a speech
of ioIn. William II. Sewa'd in Rocheester, a few years since, was telegraphed to
.New York tnd l'romflBoston to Portland bi' tlie electrical influences of the aurora
borealis, all tlie batteries on tile line being detached. This feat, it is said, hlas
.never been repeated.

The following additional information was furnished in answer to inquires by
the IInstitution
The questions you put with reference to the Rochester electrical phlenomeiina

are tithus answered :
1. Whether any appearance of the aurora was visible at tlie tine? I learn

of mnon'e; sky clouded at Rlocliester, Torlonto, and Irontreal, and stormminl'.
2 .Whether tie disch'larges were continuous or' fitful,? From i. F". 1hlackall,

minaiger of thIe Atlantic amul Pacific Telegraphl Company, Rochester, I learn as
follows.: At 1.30 p). in. trouble comnllmen'e(l while lie was" transilitcing a telegram
to New Yo'k over t1he No. 1 wire, wliichl was afterwards located Ibetween1. ultun
and Syracuse, one wire teingbroken, and lie western ecdi hanging across No,. 2
rested on the ground. At tlhe same instant I noiNced mv relav surcliharg'ed vithl an

u11,Iusiial laon(allit of magnetisml. Upon opening mty key, wiichl we usually gi'
tlesixreeIithm of an inch play, discharges fI electricitv,taveragi-ngaasi'i s3)tJI
pilsationis a Itminite flrml) one platina point to,thle olier, alid lie nearer I phdacol

Ii ese po)(ints thie more rapid they o'currned. * ** ' T'lhe luiid was pa,:tijn.
fro' west to east thlroumgi tieI,key. In addition there was a curlrentt al'iit theli
sizeo, a pi t tlowingt fro''i the cr f 1he lices to t tile:ti)'t pice of irol, on tlI
anratilre, which sounded very nmci like .lectricity pi'ui.cd bv frictii ni 0,:I
glass cylinder wepalim,ssing ,to al ]'lenlija.''."e pbeo iitiiii'l m!'tii
al.)mut 7 ii .m. The writer inmtl;,'lis Ine thatl ie lbas witiessed :i l:ili'(,dozeji iIhilH:tr
lint weaker displ:tays during tIle past 1.1 yCe:irs, tland always ltw(ee.~i 1 I). ii. tanl
'7 p. iim.

l"romi C. W. Dean, imamhager (of thle same line, Cleveland. 4)lliio. I lh.arn as

follows: AI extraneou)Is c(rIl'eilt Iaile it imIpossiile to wrk tI r,*>1,litlaiy
9tit last. It was first inoticed at 9 a. mI., whienl tIle cirrn'iit- .v,,'>-',,n tl:t
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"the Ni'. 1 wire was opened to Painesville, 30 miles east. Tl'is did not help it
in tile least. I judged that our wires were crossed with those of westernn Ulnion
lillns, and that we wero getting thlo fill strength of their 100 cups of hIlttery.
One tliling very strange all thaflt the current I)lsated, and thle armlatle (o1' lie
ni:lilnet disconnected from tle battery and the wire open east vilrated like a

pendulumlm"
Firm J. A. Osborne, 3uffhlo, New York, connected with teli same line. I

learn that tle wires of their office were so heavily charged that lie thought (c(1-
tailly they were crossed with the Western Union wires. The wires coulll not
,be t(;iched. The current passed over in waves, and it was necessary to throw
the instruments out of circuit in order to prevent damage to them. Fantastic
streaks fllashel(l across thel ires. At one time a continuous stream of fire passed
oil', which lasted fiom four to live seconds. Iad the current been more steady
thie wires could have been worked without the aid of tlhe batteries. At Lockport
the electricity set fire to a board to whicli tile wires were attached. The mag-
nets became so surcharged with electricity that when tlio wires were disconnected
tlhe armature remained drawn up to tile coils for full three-qularters of an hour.

3. Whether somei time elapsed between each discharge, as if tile conductor was
gradually charged? This question is answered in thelalove extracts from letters
received 1b me from the different operators.
[On the night in question an aurora is noticed in the Smithsonian records at

Independence, Iowa, and a heavy snow in Michigan. A wave of low tem:l)era-
ture wals passing from tie west to the cast from the 7th to the l0thl of Januatry,
reachliing its minimum in the State of New York on tile niglt of the 9th and
morning of tlie 10th. The phenomenon may perhaps have been due to the fall-
iii, of tile snow on a western portion of the line. Tihe ascending vapor from
which this snow was produced Awouldl become negatively electrified 1 indliuction
from tlie plus electricity of the space above. In the subsequent freezing of this
valor into snow, it would retain its electrical condition, and falling on tile wire
wolld gi-ve tlio latter a charge of negative electricity which would bl propagated
by conduction both east andiwest.-J. 11.1



(!UEIIIES ABOUT EXPRESSION FOI ANTIIROPOLOGICAL INQUIRY.

BY CHARLES DARWIN, 01' DOWN, BIIOMLIEY, KENT, ENGLAND.

1. Is astonishment expressed by tlec eyes and mouth being opened wide, anl
by the eyebrows being raised f

2. I)oes shame excite a blush when the color of tile skiil allows it to 1ie visible?
3. When a mla is indignant or defiant does he frown, hold his body and head

erect, square his shoulders, and clench his fists ?
4. When considering deeply on any subject, or trying to understand any puz-

zle, does lie frown or wrinkle tile skin beneath the lower eyelids '

5. When in low spirits, are tle corners of tile mouth depressed, and the inner
corner or langley of tlle eyebrows raised b)y that muscle which tile French call
the "grief mluscle?"

6. When in good spirits do tile eyes sparkle, witl tlle akin around ndndnlier
them ai little wrinkled, and with tli corners of tile mouth a little drawn rbck ?

7. Whlien a man sneers or snarls at another, is the corner of tile upper lip ovce
tile canine teeth raised on the side facing the man whom lie addresses

8. Can ta dogged or obstinate expression be recognized, which is chiefly lshownI
by the mouth being firmly closed, a lowering brow, and a slight frown ?

9. Is contempt expressed by a slight protrusion of the lips and turning up of
thle nose, with a slight expiration ?

10. Is disgust shown by tile lower lip being turned down, the upper lip slightly
raised, with a sudden expiration something like incipient vomiting ?

11. Is extreme fear expressed in tilh esame general manner as witl Europeans?
12.. Is laughter ever carried to sucli an extreme as to bring tears into thle eyes:
13. When a man wishes to show that liIecannot prevenIt someinthimg being

Idone, or cannot himself do something, does he shrug his shoulders,( turn inwards
his elbows, extend outward.ls his lands, and open tile palms ?

14. 1)o the children, when sulky, pout, or greatly protrlude tlle lips?
15. Can guilty, or sly, or jealous expressions be recognized? though I know

not hlow tlese can be defilled.
16. As a sign to keep silent, is a gentle hiiss uttered ?
17. Is the lIead nodded vertically in flilrmlation andllhaklen laterally in nega-

tionll ?
)Observations on natves who have hdlid little communications with E''uropea

would be, of course, the most valuable, though those made on any natives woiiul
)be of much interest.
General remarks on expression are of comparatively little value. A definitee

description of tile countenance under any emotion or frame of mind would pos-
,scs much more value.
An aInswer to any single one of tihe firegoing questions would be gratlefully

accep( ted.
Memory is so deceutive on subjects like these tliat I hope it may not be trusted to.



ON THE VARIOUS MODES OF FLIGHT IN RELATION TO AERONAUTICS.

BY Dn. JAMES BELL PETTIGREW.

(FRO.M TIIE PROCEEDINGS OF TllE ItOYAL INSTITUTION OF GREAT BIITAIN.]

rlhe suliject of flhlit, natural and artificial, is one which has occupied tile
attention ot mankind( troi a very early period.

It involves a more or less intimate acquaintance with anatomy, physiology,
Ilechanic:i. :andtl tlie higher branllches of mlatltematics.

If re(g:arded as a naturalll Ilovement, it forms one of tile three kinds of loco-
otiolln bly which animals progress-thle remaining two being walking and swim-

minill; if regarded as :i 'i artificial QICe, it rprpresents the unsolved problem of tlat
ri;ad trio which has for its inte(grllparts tlie locomotive, steamboat, and ftling"
nmahiiie. hlad time permitted, it was my intention to have gone into tle subject
of l]cmolotiolna0 t length. I i however, I must curtail my remarks under this
hwlad, which I do with reluctance, from a feeling that the chain. of animal move-
mlelts, like tle greatly chain of existence, wiids in and out and doubles upon itself
c-,completely as to render a partial examination of it iln many respects unsatis-
factoriy.

'1'II( movements of animals are adapted either to the earth, the water, or the
ni. 'Illhere nre others, however, of a mixed character, where they are suited
oClually to the land and water, or even to tlhe land, water, and air.

I'lle instriluents by which locomotion is attained are therefore specially
m111lified.

hlis is necessary becauifseof thie different densities and the different degrees
of resistance finliislhed by tIle land, water, and air respectively.
As tile earth affords a' greater aiioamoit of slipport than the water, and the water

tliin tile alir it requires a greater degree of muscular exertion to swim than to

w:lk, a ll(l a still greater olne to fly.
F'o tilis reason flight is tile Imost laborious, and in some respects tile miiost

compilicatcd and difficult, ofl all the animal ml1ovelmenlts.
'The 1)ecilli:llities of t lie different Iledia, as far as locomotion is concerned, milay

bie lriiellv stated.
(.)l tle la d1(1 we llave tile mlaximlulm of resistane ate:1nl tle iniunl (of dis-

Illa('(lmein t.
Il tile ail, the minimulnl of resistancee a(nd tlie mallxllillmlll o(f displaceellent.
'lln' water is i intermediate in thlese respects.
As a collse(plqueie, tile feet oflland( aIlimals are slmall-their bodies large.

Ti'l hl(si('e amld deer l'1rnish examples.]I lios' land llillls which taske to tile water occasioall:lly, or thle reverse,
thle I'('m.tall ('Ienl:'arg'(l :l(d 1 uslall] p}rlvi(de(l .w\it I la il'lil l:liranlolls (exla) siol l

h}lut cln llltie toes. ()fl ' icli, tile ott er, o'llitiholi yliclius seal frog,o , title and
cl'(codlile lllXv be cited.

I,, addllitionl to the land anlillials which ruin anId swimi, thlre are some which
lr'"ciita:tte tlhelis(lves, palrachite fashilion, fri'lli imlliellse heights, and( o)til('s
whiich even fly. In these tlie nemllibrallnos exp)allsioiis are greatly in(Creasltisd-
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thle rilbs affording- tih neIessar'y tlegree of sulllort ill the dragon or flying lizanr,
tlhe aiiterl'iO' land posterior extremitiles illtie flying lelllllr, 1 ,aflygdllat.

Altlhoilgh 1) lizard isa:t l)resellt knllowl to fly, there (c:al be little ldo(,llt lltlt
llie extinct p)terol:lactyles, which are interllediate between the lizards andcllIcu-
diles, were l)!S,;sesset(d of tlis power.
The lbat is interesting as being the only inaminmal at present enjoying the priv-

ile(e ot' flight ; it is likewise instructive, Ias shiowilng that flight Ila\y leb attaii(dl
witloullt the aid of hollow 1(oesald air-sacs,bly purely imusciular ellbrts a(id l-
the iliere contraction and dilatation oft a conltinuouls nle.illlbrali(.

Ifwe now direct our attei'ti(on to tile water we liind tliat tie atltl)lllltirf sli'-
tflae eniLagerd ill locomotion greatly exceeds tiat ill tle amphibia. 'The lislh fur-
niislles tile best exampille.

I n it tlile lower hall' of tlle lbodv aindl the broadly-expianded tail are applied to
tle water very numll as .an oar is illn sclllln. '1'le sea-lmalllm:als, as the whale,
d(1ulllgng, mlnatee, andllpoJl)is(, swill illn preciselyy tlh, s:lemaIialinler as tlie fish,
with tills differelice, tlhit tle tail stories rol lllabove downwards, or vertieallv
instead of horizontally, or from side to side. 'Tle seal is excepl)tiolal in this
respect.
The animals which furnish the collecting link lcetween tile water and thie air

are tihe flying fishes on tihe onie llhan, andi tlie diving lilrds on tihe other; tli
ftornier sustaining themselves ;fr considelabll e intervals ill tlic air by1Ieals o(f
their enorinous pectoral fins, tile latter usingi their wings; for flying above amil
)beneath tlie water, as occasion llemlan(ls.

I have carefully examined tlie relations, structure), ,nld action of the fins il
tile flying-fish, and all of opin ion thtlat they at as truelpiniilns; their illadeqluate

iiiliiOssiblle to iun(lerstali(l lhow such saiiall cr'eatitics (:oull obt;aini tlie mllo(lielltilill
necessary topl)rjec't themln a:(listtanlee of 200( orm11orl'e .yaIis, anl tlhat soiiietiiiie. s

at lan elevation of 20 feet ablov tlie water.
ll birds wliichltly ildiscriiminaitelya'ibove and bene' thitlit water, the wing is

generallyIlprviled withl stittefr f'eathil rs thllnusual, nlli rellced t(o a ltmilmitiill; aS

regards size. n11 subaqueoll fliglit tile wing.sm1llay act 1) themselves, ,:; il tli
guillemots, or ill conjunction with tile feet, as ill tile grebles ;bult ill eitlier case
it is tlie back or conlvex smi'fico of tlih winl which gives tile effective stroke, thl
wing ill Such'l birds astile great aulk, wllicli are incapablle (it' flight, beillng for this
purpose twisted complletely round, ilno-rder that its conclav surface, wllicll takes
a better 1holdof'tile water, mtayble directed backv.:arls.
The winglr, therefore, opl)erates very difflereltly i and out of thle water.
Il tlhe water it actsals anll auxiliary of tlie foot, and both strike backwards

and downwiards.
Ill the air, on tilt contrary, it strikes dolwnwl'rdl.s and fonrtrd-.s, land this is a

pointldservillg of attelltionl as showing that tlio oblliipe surl'aceslprleslented by
a:lnimili ls to tile water tandl air ar madle to aet ill opposite directions. 'lis is
owing to tlie greater density of' tileo ater as compared( witli tlhe air; tlie f)rlller
suppllortilln or nearly sulplpoirting the alillimal actillng' pon it; the latter permitting
the allitlal to fall through it ill a downward direction.

But to colnm( to tlie subject more particularly in hand, viz:
l'liyht i i/s relation to Arclonatics.-T'llhe atmosphere, becaunso of its great

tenullity,limobility, and comluparativye iiiimponiilderability, presel ts littleresistantl ce to
liodies passingthrll'rougl it at low velocity. 11', however, the speed lbe greatly
i:l('r('as(ed the c('tionil f1 ('vela'1i orl'ina' ca'nlle issillli('iell t to elicit a recoil.

'T'lis colmnes oftile action and reaction of lll:ltterl, tile resistance exl)erienceil
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varvilg according to thle density of the atmlIosphlere and tleshape, exteCll, and
velocity of theIbody acting upon it. Wi ilc', therefoie, almost I impediileent
is ,fl;i]'ed totile 'progress of ain animal inmotion, it, is o'Itel exceedingly !diIichll.
to co(Il'P'es the air with slliccient rapidityald: cellercy to, convert it into a suit:1ab),l
fi lcrunii for sccilg tlihe olward iml)vtllus. T'liis arises from tli fiact tllat bodies
movingng ill this lleditlum experience tile miiiiminl (i resistance and occasion tlle

miaxIIiml of disl)acement. Another and very obvious dilliinltly is traceable to
tle great disparity ill <lie weight of air as complll)ared with ally known solid, (thIis
ill tile case of water being nearly as 1,000 to 1,) and the ciiseillenl walnt t'f
buoy>ing or sustaining power which that disparity necessitates. To meer these
p'eclliarities tile insect and bird are i 'rnisiled witli extel(sive sI.l'u('(ces ill tlie,
shape of piions or wings, which they call aiply with sillIgll'h'Celi('ity andi
lpowcrc at various angles, or by alternate slow and suddetin iinv(cliits, to (bltaill
(lhe necessary degree of resistance and nn-resistance. Their diese, oi ,

are constructed on strictly iiechalnical Jpri,,ciples-lighitniess, strengIt, ad,, dura-
lility of frame ; and pow',''1 rapidity, and precision of action being illdi;ispelIsable.
TIle cyilindrical method of coiiistiiructio, is cisc iiseqiintly carried to an:1 C'extirll;
tlhe bodies and vlegs of' insects displaying nii,(.irolls lnoccilpied spaces, while tlhe
muscles and solid parts are tunnelled in every direction bIy innumeillrable air tilbe.s'
which co ,,municat witl the surrol'undiiig l((mediumll a series of alpert,'res terCI'med
spiracles.
A somewl('atl similar disposition of parts is imiet with iln birds, tliese being il

I'lla, cases fi'urlnished lot o1nly witli ]i()low boni('s, but also especiallyy tlim(
»<latic (mcs) within a liberal supply of air-sacs. Th''ley are also provided with a

dellse covering of fi:athers or down, which adds greatly to theirlill k witlioit,
imlaterially inic':eas:ing their weight. T'lie air-sacs are well seein in t(le swan,

giose, and(Idck ; anlld I have in several inlstalncess carefully examined theill withi
a view to determi'inging their extent. and fillciion.''l.They appeal' to ile to lie con-

nlected with tilie function of respiration, a view advocated by ,Illinter in 177.1,
nild within tile last 'ear or so bIv 1)rosier, of Canmlbrid(ge. That they have
nttljinlg whatever to (1o witl fliflit is pr),',vel Iby tlie fact tliat some excellent
flvers--take( the bats c. y.-are destitute of' tlhem, wliile tlie winlglhess 'iunlillg
birds, slcli as tlie ostrich, andl apteryx, which li'Care incapable of' flight, are )pro-
vid(d witli them. Th sm,aybies'inl of tle hlillow bones, soeii really
ahdmirablle flyer's, as tile swallows, martins, and snil)pes, having their 1,,ones fill;ol
withnied1'(1 lairy siubstaie(X, while the I))ile'S of' tli'rillningll wil.glss birdsi'1 allludled
to are filled with air. F"l'therliiorc, andl fillyliv, a living bird weig.,ig. Jo0
pi(unilds we(iglis tlie samllie when dead minus a very few grainsll; and( all knllow
what cf'ct a fi'ew grains of' heated air would have in raising a wtig]lt of 10
pollllds fr'Oml thle ground.

'Whlen we have said that cylinder oll c rs increase thle area of
lieti isect and lbird, and that an insect and bird so) constructed isstrongevr, weight
fo' weiglit, than one composei,:cd of solid Imatter, we mlay dismiss ite sll)ject ; fliglit
bIein.,, as I shall endeavor to show bvy-anld-biy, not so ,iuch one of weight as of
powerr pI'operly directed, /. c. )powe(''r (irccted on.strictly mIlchianlical principles.
'Tli',si xwo) sulsc'ilie to tlie ieated-air t1or(y:l' e of opinion that 1lel air con-

taiiled ill tJhe c:avitie's of i;usects and birds is so I,(11ch lighitel'rtlall thl(lt lel'le')lllu-
il-, atnmospl!ere, that it must of' necessityy cont]'iblite material ly to flight ; blit
tI le.ll' tily (f air imprisoned1 is, to!begi, within, so i 'liSitesilally small Iand(1 thi
iitlhi,'cllce ill weiglit whilich it experience(s hy increase of tenlll)eIature so i ll))'ppre-

ciable, tat it oiog'lit ,not to be taken into ac'couint b)y all'Ny one (e2leavolriiig toe
,ive lic dfliflici ilt and importallt proIldlem of' flig'llt. 'I'lie Montgollier or firc-
h,,1,oons wv'r.c(,11struci'led ol tlie hcat ed-aii' prinlciple; bulit as tlhese have inoi
all,,g'1l1( ill inatlu'e, land are alppare(ntly i('ncapableo' impirovemenit, tileyie('diio1t
deIaill us at this stage of lie ilojliry. IThe area of' tile illsect and bird whenl
thie wings are JI'llly expanded is, witli tie single exception of the bats, greater
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than that of :any other class of animals, their weight being p'oportionablv less.
It ought, however, never to be forgotten that even tliohe lightest insect or bird is
immeasurably heavier thin the air, and that there is no fixed relation between
the weight of body and the expanse of wing in either class. We have thus
liglit-lodied and large-winged insects and birds, as the butterfly, heron, and
albatross; and others, whose bodies are comparatively heavy, while their win'gsi
are insignificantly small, as in tihe sphinx-moth and stag-beetle among insects,
and tile grebe, q(1ail.Iand partridge amllng birds. Those apparent inconsisten-
cies are readily explained by the greater muscular development of the heavy-
bodied, short-winged insects and birds, and the increased power and rapidity
with which tlio wingl is made to oscillate. This is of tlie utmost importance in
the science of wrostation, as showing that flight may le attained by a heavy,
powerful animal with comparatively small wings, ais well as by a lighter one

with enormously enlarged wings. While, therefore, tlere is apparently no cor-
respondence between the area of tile wing anfd the animal to be raised, there is
an unvaryi ng relation as to tlie weiglit and iinumber of oscillations, so that the pIrolh.
leioof( flight seems to resolve itself. into one of weight, power, velocity, and
small snturfaces; v'CrsUS buoyvancy, deblility, diminished speed, and extensive stir-
faces ; weight in either case being'a sine qua non.

In order to utilize tlie air as a nmeans of transit, tile body in motion, whether
it loves ill virtue of tile lif.e it .possesses, or because of a force superadlded, must
lie heavier than it. If it were otherwise, it it were rescued from tile operation
of gravity on tile one hand, and bereft,of independent movement on the other,
it must float almut uncontrolled and umncontrollable, as happens in thle ordinary
gas balloon. The difference between an insect or bird and a balloon here
insisted upon was, I have learned siice writing thle above, likewise pointed out
by liis grace the I)l eue of Argyll, in his very able and eloquent article in Gohd
'Words, entitled "The Reigni of Law*-ani article whose merits cannot be too
widelyvacklnowledgetd or too ulljiversally known. The wings of insects and
birds are, as a rule, more or less triangular in shape, tlhe base of tlhe triangle
being directed towards tlie ibody, the sides anteriorly and postrily. They are

being (yil'Qtand t *, . posi~terior)'ly. 'P'mev are
also conical on sections from within(iitt wards and from before backwards, this
shape converting the pinion intoai delicately-graduated instrument, balanced
witli tlie utmost nicety to satisfy' tlie req(irlcneints of the muscular system on)ti tlhe
(one hand, and the resistance and resiliency of the air on tihe other. While all
wings are gradu'llted as explained, immllmerable varieties occur as to their general
contour, sonm.Cbeing falcated or scythe-like, otllers oblong, other rounded or

circular, soiine lanuiceolte, an(1 some liit:ear.
WVingqf' insect.-The'l wins (of insects may consist either of one or two pail's;

tihe ant eri'or or lipper patir, when two are present, bIeing ill some instances greatly
imdified and presenting a core'liiois condition. When so modified they cover
the under wings when thie insect is reposing, and have from this circumlistan,
been named elytra from tlie G(reek it.o:'fi,,a sheath. The el-tra or wing-catses,
as they are sLometimes called, are dellse, rigid, a11d opaqe in tieo beetles; soli
inll onle part and membralnou. s in another' in tile cockroaches ; more or less menm-
Ib'anous throughout in the, grasshoppers ; and completely mmvInllranlouIs in tile
dragom-flies. The superior orupper wings are indirectly connected witi flight
inll the beetles, cockroaches, and grasshoppers, and actively engaged in this iunc-
tioni in tlie drag(n-lliCs and butterflies. The truI wings, and hy this I mean tim
Imemnbranoisl ones,'present different degrees of oplacity; those of tho mIoths indl
butterflies being nol-transpa'ent ; those of the dragoin-flies, bees, and colmmolt
flies p)resentiLng a delicate, filmy, gossamer-like( appearance. They have, how-
ever, this feature in common, aLnd it is fundamental : both pairs are composell of

(.ood Words for February, 1it;5. This article I 11am1 glad to find haIs been reprintc'd illn
PPpurate form with numerous illustrations, iand should he read by all interested in the subject
et w'ronluutics. (J. Bi. P.)
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a dupilicatnre of integument, or investing membrane, and are strengthened in
various directions )y a system of hollow, horny tubes, known to entomologists
nas the neiine or nervures. These nervures taper towards the extremity of the
wing, and are strongest towards its root and anterior margin, where they supply
the place of thie arm in bats and birds.
The neimin' are arranged at the axis of tlio wing after tie manner of a fan or

spiral stair; thle anterior one occupying a higher position than that further back,
and so of tile others. As this arrangement extends also to tile margins, the
wings are more or less twist themselves, tand present a certain degree of
convexity upon their superior or upper smurfice, and a corresponding concavity on
their inferior or under surface ; their free edges supplying these line curves
which act with such eficacy upon tlie air in obtaining the maximiuni of resist-
ance and tile minimum of displacement. As illustrative examples of tlioe form
of wing alluded to, tlihat of tile beetle, bee, and fly imay be cited ; the pinion ill
those insects acting as helices, or twisted levers and elevating weightss, lmucli
greater than thle area of tlie wing would seem to warrant. The insects adverted
to fly, as a rule, with great accuracy and speed, anId frequently in a straight line.

F1rm11 tile foregoing account it is evident tlat the wings of insects vary as

regards tlleir number , size, and shape. They also difler as regards their sur-
faces, margins, venation, degree o nconsistlence and position, so, tlat it Illigiht
ntrlltll'a)y Ile asked, l)( tile several orders's of wings act accordlillg to a comnliOi
principle, or does each wing act according to a principle of its owIn ? Tliero
canl, I thliink, ibe but ono answer to this question. All wings obtain their lever-
age lby presenting oblique surfaces to tile air, thi lgeofdegree olilquity gradually
icrlecasilng ill a direction from behind, forwards and downwards, (d'ilnlg extensioll
whenll tie sutidden or effective stroke is being given, and gradually decreasillirg ill
anti opposite direction during flexion, oi-r wheIl tile wing is Ieiing Ilore slowly
recOcvered preparatory to making a second stroke. The etlifctive stroke illininscts-
andl this holds true also of ,irds-is therefore delivered do(wn'ardns mulfduruirds,
anil not, as tile majority of writers believe, vertically, or even slightly back-
wards. 'lThis arises froln tile curiolls circlllstance, that insects and bIirl's helic
flyini"g ctItlly fll throughthroughtl e Tnediun which elevates them thci. course beinll
in,licatcd1,y the resuiltant of two forces, viz: that of gravity, pulling verticallydolwnwards, and that oftile wing, actill at a' given angle ill1ian ilpward! direc-
tioll. The wing of tile bird acts after r tile mannller of a iov's kite, tile only dif-
firence being that tile kite is pulled /rwnrd l1.po0 tile wild iyv tie string aindl
thle hand, whereas ill tile bird thle wing is ptshld forward oln the windliv thle
weighIlt of the blodv and tihe life residing inl tlio. pinion itself. The allgle at
which thle winlg acts most eflicaciolusly,as an elevator, as pr'ovd I' aeillXamina-
tiotllof the pinion of tihe living illsect, ))at, a 11dbird, when filly'extci,ed alnd
rleadl to givetl e effective stroke, is an angle of 4.5° with tie ,ioi'zn. Als,
however, thisaIngle could not lbe unifol'rllly maintained withouta rotary mti,n
which woildI wrench tile wings from their fixings, a"olpromise is adopted, thle
wimiigbillngmader to rotate onilsaxsx tiio tlie extent of' a quarter of a tilIrnI ill o11
iiriection dduring extension, and thie same aonuit in an opposite direction duringflhxioil. That tile wing rotates upon its axis as explained may be readily ascer-
taimled hb watching thle movement ill tile larger domestic fly. If tIle insect be
tiilIeml'platedeitheril from aboveoCr Ien'eatl, tile bluri1presented lIv tlie rapidly
t-.illatilLg wilng will Ibe found to be colicave, thle depressed portion representingllthe wing wheln its plane of least resistance is parallel with tIl llel of progres-.q.ii. f) itllis 1 have hlad tle most convincing proof, )partieularlyv ill scmli-torplid
il.-c,'ts where thie wilng was plied with less vigor t1han usual. 'lTo co'eir on thle
wing, tfl.tillle tiplicity of IllovI''lmlle t which it requires, it is SlIpplicdI witl a doilllilo
hii:2.e o' 'compoulmld joint which enaldlcs it to mnlove not only ill an ullward, dhown-
v.x;:tl, ,lrwrI.hd baclilkward direction, but also at various inte'llediiate (leggres
of ,i.ilijiiiiv. Ail ilnsect furnis.lhedl withwinh stbl)shlinged nmvalis fair as steadi-
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nic5ss of bdv is concerned, bo not inaptly compared to a compass set upon
gimiials, where tile universality of motion in one direction insures comparativefixedness in another.
Many instances might be quoted of thie( marvellouis powers of flight residing

inilnscts as I (clahiss. T1he male of the silkworm moth (Attacus Paphia) is stated
to travel inore than 100 miles a dayv;* 'and ,11 anonymous writer in Nielicholsun's
.1,oirnal calculates that tihe common house fly (Musca d(omiesticus) in ordinary
flight makes G00 strokes per second, and advances 25 feet; buit that tlie rate of
speed, if tile insect I)e ala:'med, may be increased six or seven fold, so that under
certainly circiimistances it can outstrip tilhe fleetest race-hiorse. Leeuwenhoek relate.s
a 1most exciting chase which ho once beheld in a mena'gerie about 100 feet long,
between a swallow and a dragon fly (inordella.) Tlie insect flew with suic'h
incredible speed and wheeled with such address that the swallow, notwithstand-
ing' its utriiost efforts, completely failed to overtake it.t

WIinyg (J' bird.-Th'lere are few things in nature more admirably constructed
and where design can be more readily traced than inll thle wing of tile bird. Its
great strength and extreme lightness, the manner in which it closes up or folds
during flexion, an'd opens out or expands (hirning extension, as well as thle method
according to which the feathers are strung together, and slate each otiler in
divers directions to produlce at one time a solid resisting surface, andl at another
an interrupted and comparatively non-resisting one, present a degree of fitness
to which the mind must necessarily revert with pleasure. Tihe wing of tlie bird,
like that of tie insect, is concavo-conivex, and more or less twisted upon itself
when extended, so that thle upper or thick margin of' tie p)inio(in lpreseits a dif-
ferent degree of' curvature to that of the nether or tlinIuargin, tlie curves of
the two inar"gins inll somie instances even intersecting,each other. This twisting
is ill a great imeasuirei wing to thle manner in which thie bones of titie wing are
twisted upon themselves, and tie spiral nature of their articular sif'Ices, the
long axes of tlihe joints always intersecting each other at right ng'hs. As a

result ,of this disposition of tihe articular surilaces tile wing may be shot umi or
extended, and retracted or flexed in nearly tlie same plane, thle bones composing
thle \wing rotating mn their axes during either movement. Thlis seeoomhry action,
or tihe revolving of tie component bones upon their own axes, is of thie greatest
importance ill tle movements of dlie wings, as it COmlnliuiicates to tile liarld and
forearm ,1 and conlse(iiently to the primary and secondary featthers which they
bear, thle precise angles necessary for flight. It in fact insures that tile wing,
and the cultain or fringe of' iet te wilg which tile primary and secondary feIther's
forn, shall be screwed iinto and down upoln the wind in extension, and Ilnsl'rewedll
or withdrawn from <le wind during flexion. Tlhe wing of theli bird nmay, there-
fore, 1be compared to a huge gimlet or auger, the axis of thie gimlet representing
tlie bones of the wing, tlie flanges or spi threadt hd o' tile gillet tlie primary
ani secoindarv fieathers. As ilie degree of rotation made by thie bones (of tlhe
for'(earii anmdl aniid (dlurinug extenlisi(on, amiomlllts s nearly as IIIay le. to a (plarter of
a tllurn of' a spiral, it, fIllows tliat ill flexion tile wing presents a knife-like edlgoe
to tlie wild ; wh(1reas ill extensiontl1 e'clirtai of)t' thli wiiig is rottatedI iln a Iliown-
wMa'd direction until its anterior or con cave surlaee makes an angle of .15° with
tlie horizon. lFr(I'o this description it. will be evident that iby t Ii iiere rot:ltionl
oif' lle bone's of ftl' forearmlu and hand thel mllximuii and idniimmn of, resistance
is secured much ill lie same way thattiatts object is attained by' the alternate
dipping and featherinig of ,anit oar.

Ill tie majority ,1' (pfick-lyigil,h Irds-at all events in suchl as do nmt glide or

skilli-co,sidihrable advallagieis gain y tle primary and sco(d(l'ar'v f'eathIeI's
lbei ,g tl vi miuut (' pousitiol d ri' g fIhxiimi, tlis arr'iing'inii(,tIt p!ieve(Iting retttrd-

Liiin. T1rins, vii, *10.
t 'l'The hobby fiaconl which ihbouumls in Buulgariai is equal to this task, the dragon fly brmun-

ing a prui cipal cou:ititituiet uf its ftud.
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natio, by diminishing tile amoiiint of air displaced. This slating or overlapping
alld u1Inslhttigactionl of thie feathers during cxten.s;ion ami flexion is, however, ,,clO
of thil peculiarities or refinements, andinot necessarily an essential in flight, as
this function can beo efficiently performed by the insect nd batand where no0 flieahers
apre,present, and where consequently no opening or closing of them can possibly
occui'. 'rThe wing of thie bird may be said to act in three dillerent ways: 1st,
(d1i1g extension, when it gradually makes aill anglo of 45° with the horizon;
2d, (lu'ing' tile downward stroke, when it maintains tihe angle of 4;5' with the
horizon, and makes a variable anglo witli the body; and 3d, during flexion,
when it acts at a gradually decreasing angle in virtue of its being carried against.
the wind bIy thlie body of theI bird which is in motion; it being a matter of ind(ifler-
ence whetherli tlio wing acts oil the air or the air on tliohe wing, so on as the bodytea(rilng tlhe latter is under way; and tills is perhaps tile chief reason why tile
albatross, which is a very; heavy bird,* can sail about for such incredible periods
wiitlioht appl)arently moving tle wings at all. Captain IHutton thuls graphically
deserilbes the sailing of this magnificent bird: "The flight of tlihe allbatrss is
truly mliajestic, as with oultstretched Imotionless wings Ihe sails over the sui'lface of
tile sea, now rising high in air; now, with a bold sweep and wings incinlcd at tan
w(Inf with thie horizon, descending until the tip of tlhe lower one all but touches
the crest of tlie waves as h skins over thllin."f

"TranLquiil its spirit spocned, and floated slow,
Evuen in its very motion there was rest."

As an antithesis to the apparently lifeless wings of tile albatross, tlie ceaseless
activity of' those of theo lhulmmlningr bird might lbe adduced. IInt those delicate
anlul ex(upisitely lbealutifiul birds, tliohe wings, according to Mr. Gorild, Imove so
'rapidly when the)bird is poised before an object that it is impossible for the eyo
to follow each stroke, and a hazy circle of indistinctness on each side of tlhe bird
is all tflat is perceptible."

Tlle varimouts movemnents involved in ascending, descending, wheeling , rglidig.anid prog'gressilng horizontally are all tlio result of muscular power, lroperly(lilrected aind acting upon appropriate surfaces-thaatapparent butoyatncy illn lirds,
which we so hihily esteem, arising not from superior lightness but hrout their
possessing that degree of weight which enables them to subjllugate the air; wei'gluand indep.lendent motion being tlihe two things indispensable iln successful aerial
progression. Tile weightin insects and birds is il great measure owing to their
great ly-d(eveloped muscular system-this being in that delicate state of tonatcitywhich enables them to act through its instrlumientality with marvellums dext(l'rit
and lower, and to expend or reserve their energies, which they can(lo with thlio
utmitoost exactitude iln their lengthened and laborious flighIts. 'I'le elastic, strilc-
ttiies which receive or draw back thle wing inl the insect and bird during flexion:
are (f tihe uttost (onseqlnence in the imveietits of the wings ; thllese, , their
mlure c)(ntractitinii()ln,Cntllingte muscles of tihe wing to rest nearly half theli time
they are ill action. In this we have a prlobable exphlhaation of tlhe extraordinary
power o, eind'uaince displayed )by insects andl birds on tIle wing.'lT'he fore'(going remarks oin tlie wings of insects and birds lead miIe to speak of
the inclined plilano as applied to the air, buit before doing so it will be advisable
to allilde IrieiCfl to tlie balloon.

Jbillon.-.-T'llis, as my audience is aware, is constructed on tliohe obvious prin'i.(ciple that a machine lighter than the air untst necessa'rihy rise through it. '1'he
Mo(lglti(ier broothers invented such(' a nmachiii e int 1782. ITheir balloon consisted,
f ait paper globe or cylinder, the motor power Ibeig siuperlheated air sumlpplied by

Thie average weight of the albatross, as given byGould, is 17 pounds. ' Ibis," '2d series,vol. i, !46i5, p. 95.'
C

'I'le l'icamus onoerotalius weighs '25 pounds. J.oget's Bird's Joiurna-l, vol. i, p. 411o.
t On sooie of the birds inihabiiiug the Southern ocean, by Captaiu W. F. Ihutton. " Ibis,"I'd seiies, vol. i, li05, p.' ,'.
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the burning of vine twigs under it. The Montgolfier or fire balloons, as they
were called, were sullierseled 1)y tile ]ydr(ogen-gas l)alloon of MM[. Charles and
ltobert, this being, in turn, supplanted )by tlhe ordinary gas balloon of Mr.
Green. Since the introduction of coal gas in the Ilace of hydrogen tgas no
radical improvement has been effected; all attempts at guidiing balloons havo
signally failed. Th'lis arises from the vast extent of surface which theyi neces-
sarily present, rendering then a fair conquest to every breeze that allows ; and
becallse tlle power whicl animates them is a mero lifting power which, in the
absence of' wind, must act in a vertical line, all other motion being extraneous
and foreign to it. It consequently rises through tile air in opposition to the law
of gravity, very much as a dead birld would fall iln a downward direction in
accordance witl it. IIaving no hold pon tile air, this cannot bie elll)ploved as
a fulcrumn for regulating its movements, and hence tle cardinal ditliculty in bal-
looning as an art.
Any o0ne attempting to control the movements of a balloon is very mulch in

tile position of a bIoatman who endeavors to steer his craft, whlicl is drifting
witli the current, by pushing against the stern.

If ever tile balloon is to )b utilized as a means of transit, this will prolablly
1)( achieved )by converting iart of its lifting power into a horizontal propelling
]power, which possibly could be done by affixing a horizontal screw, like a small
windmillh, to the car; tils apparatus receiving its motion by being forced against
tlie air from beneath during its ascent, (tlie air pllaying upon it from above,) and
commullnlicatilng its movements to a similar anid smaller sorew placed vertically
or at right.angles, which could lie made to revolve witli great celerity as a

driving screw. T'o prevent rotation in the balloon itself, it might oe armeIed with
plates of some light material placed att right angles to the plane.of rotation.
1The great expense, howevCer, involved in the construction and filling of the I)al-
loon will always operate against its being used otherwise than as a luxury;
while tlie enormous expanse and delicacy of t material employed, s well as
the change in volume of the contained gas arising from increase or decrease of
temperature, cannot fail to prove troublesome, not to say dangerous.

lFinding that no Imarked improvement has been made in tile balloon since its
introduction ill 1782, we naturally turn our attention to some other method of
traversing time air; and here I would add my indlelendent testimony in favor
of tlhe lielice or screw, not only asa1 lifting power, but also as a propelling power.
When I commenced my inquires into tile structure and the uses )o wings, I was

early struck with the icurious manner ill which tlhe are twisted upon themselves,
aind how tley are rotated on and off tie wind during flexion and extension, after
the 111:aniner of screws; an(l without knowing (for tlie( sullject of artificial flight
is not imithcli in my way ) that tile helico hlad been proposed a.s a mIleans for raising
iallimlatei bodies, I hlad actually c)structed a double screw\, witl a view to test-
illg its eflicacv in this respect.* I have therefore Inwittingly laidl aatoimy and
plysiology Ilundilr comtributionl il support of what I filnd is inot a (new doctriune.t
I was iimplleled ill this direction bIy detecting tlhe principle ill ntilure, and from
knowing that a lody to rise anil progress in tile air Ileed not ilecessarily Iho
lighter than it; in fact, that the balloonl is constructed oln a Ipil(ciple lilame(tr'i-
cally opllmsed to that on which tile bat, insect, and bIird 1are comlstI'lcted, and is
from this circlumlstance o ell to serious, andl ill somlie respl)Ct ilnsu)i'erable (objC-
tiols.

''le eflicacy of tile screw in water is well known, and tie action of the clild's
toy, usually called the spiltifer, will illustrate its utility as applied to tiu air.
'l'his toy, for tov it hlis hitherto1leen, consists of two inlllilne( planes, pl1roumced

"This .screw 111id llr trml: or bllidos, two of which revolved from left to right; tile remnaiu-
ing two from right to left. This I fomiud to Ie nl'ees.ary to prevent rotation in tile driving
upplaralus, which consisted of a steel springfanr clockwork.

I'tPctoul, tile engineer, predicted the future iimlportance of the screw iu aerial navirgation.a r,~;·"'~I ·· Ir·r··ly·~·-VV .1 ~~~1 1 L~l~ ·~····~-
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by silmp!ly twisting tile enveloping , wires ill opposite directions. It therefore
represents the most primitive form of screw. This apparatus, simple as it may
appar, curiously enough furnishes tilhe mechanical appliance by which a body
may Ibe elevated, or elevated and carried in a horizontal direction at one and thie
same time. 13y applying tilhe necessary power time spiralifer can be made to act
vertically or lhorizontally, or at any' intermediate angle, so that we have in it an

easily regulated and perfect driving power. ThIe position taken tip by the advo-
cates of thie screw is the reverse of that occupied by the advocates for thle bal-
loon; so that tlie aeronaut promises at no distant day to be fairly impaled on tile
horns of a dilemma, by having on the one hand a motor power whicli (because
(i' tl.e space occupied b)y it) no human ingenuity can direct; and on thle other a

tho,roughly mIanageable and docile elevating and driving apparatus, minus an

adhe(q1uate miitot lpowe.. Thie problem)lcl of Ilight will prolibably I)o solved by one
empllnyinmg a certain )proportionl of gas to assist him in overcoming thle inertia of
his machine while lie uses the screw as a propeller and partial elevator. Of' tile
two systems 1rop(lumlcded, if they be judged separately, I incline to that which
proposes to employ the screw both in elevating and propelling, and this f(or two
rea.csois: 1st, Because tile screw n'a modification of it is tihe instrument ,y
which, as I have shown, tile insect, bat, and bird rises and progresses; aull, 2(1,
BIcallse a certain degree of weight is necessary to overcome the air and make it
usefr'ml fCor the purposes of acrostation.

'Th'lat tlie principle of tile lelice as applied to thle air is correct is proved by
the very retharkablo Cexperiments of MM1I. Pontin d'.Amncoumrt and De.) Ia Lan-
delle, both of whom have constructed within the last three vears helicoptecric
models, which not only rise by themselves into thel air, buit also carry graduated
weights.* The difficulties therefore attending aerial locomotion byime'als of tlio
screw are already partially surmounted.

T'lhe advantages which will accrue from tl employmeneut of tilhe screw ill aeros-
tation may 1e briefly stated.

It icc.iilpies little space, is strong without being heavy, and is prodigiously
It ri.iidly eco(lllomlizes tile motor power' by keeping tlihe inclined lanes of

which it is comiposed closely applied to tile air throughout its entire revolution.
The speed of the scl'ew catl lie increased at plh'asur'c-incr:eased velocity, as I

have shown inll tlihe insect and bird, coniferriing enormously increased propelling
and lil'ting pwver.

Bly a jlIdiciolms combination of hrioizontal, vertical, and oblliqlle screws, almost
aiy degree o()f speed may be attained, anid anyM course, whether upwards, down-
wvards, or f'orwnards, pursued.
A machine elevated'.and ,pr(',lell'd by screws will be mncess.;llily a c(tllmpact

mi(u'!miic-'a miachline which will navigate tlie air as a master; its weiglit and
lie small surface occupied lby it rendh.emi.i' it slpperior even to imloderately high
will Is.

'l'le near'e.r such machine is kept to thle (arthl and the greater tlie density of
tlie atmosphere, the greater will be its fcilityv andl plw(er-the. i ic(.'ve.nie:iici
arising 'ri'm te(lpi(ratur'e and excessiv(ly rarnfiedi air being tIis'; avoi(d 14.

'1 'lieariial s :rewimachite should be c(nistiructed, wellcni(ver pr'actic:ablh, (of
h,,olhiw '.liMde'rs fixed into a floor, ('cm1ims('ed of one'or mre lattene(d ('ylillddroil
'lamiiiol'is filled with hydroge('nll or (her.I'gas to dimiiiislh weiglt. 'hle flalttel,(ed

c'ylimmiii'nrs, i v r i hlimid ity a slightly upward direction, wol(ild
act mitechania:cally as siistainers anid glid''rs, as (i, tlie wings in sailing atnd glid-
inig 1biids. It is ,just pss:;ible tlhat tli ,mIroto wer lcrequtiredl ,rtfoi.!elicptelricglli:ig-ii:.chiiie may be derived fr'oii comipr,'esscd, atmoslt il,,hes , tie air eiing' com-

tExtraicts friom t i paper, by Monms. Nadir, 1t;:3, quoted in Astra Ca'tru: By iHutton
Tumor, Loindoni, 1!.)c, pp. 3140.
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p1ress(e 1,y the aidl olf an engine oln tcra fi)'))m, and stowed away in tlie cylindelis
compl)ri:*ilg tlhe hiolr or other plortions of' tile mIachllne before starting.

'\V1hell all I wherIe such I ilnachiine will 1)e successfully la c(ed 1no one can (if
course p('redict. t11e sublject of artificial flight, however, lias been so fr(llequetlv
discussed ofl late years, and lias excited so incli interest ill America, lrance, and
otilher io'tiolns of ille ()ld and New World, that it must obviously receive a set-
ticlillent ill olie direction or other at no distant date. Even Britain, involved as
shei is in l)siliess and politics, and carling little about science which is not
directly remunerative, lias made a move in this direction, andl we have now tile
A\erloillttica:l Societv of Great Britain, presided over by his grace the l)ike oft'
Arrgyll, himself ta G(oliatli in aeronautical matters. It weCre imuch to be desired
that those wo1 can afford the time or tle means requisite for conducting experi-
nents on a scale commensurate witli tlhe importance of the subject would lend
their aid to tills great public movement.

1Homo) Volnls.-VWhether tlle genus ho)mo will ever be able, by his llnaidlel
exertions, to leave tlhe scene of his joys and sorrows for tile fields ethereln, time
,only can determine. IBorelli, a great anatomical authority,* made elaborate
calculations to prove tile absurdity of sucil a: attempt. Iis calculations, \how-
cver(, will not deter tlh more sanguine and speculative portions of mankind from
renewing their exertions in this direction as opportunity permits; and I may state,
for their guidance in tile matter, tiat it' lman ever flies it will not be by ellploy-
ing his anrms simply, but by concentrating the energies of his entire Imuscular
system-il-b tralnsl'erring in fact tile iovemlents of his arms and legs to a central
axis or slhalt, smlrmollteld by one or nore horizontal and verttical screws of appro-
priate size and sliape; these being made to revolve with a velocity to be determ-
ilned lby experiment. The value of tils hypothesis could be readily tested, and
at i trifling expense,by; a machine constructed after the manner of a velocipede,
which need not be of al very compllicated character.

In order to construct a successful flying mnachilne, it is -not necessary to imitate
tlie filmy wing of tlle insect, tle silken pinion of tlhe bat, or the complicated
and highly diflerentialed wing of tle bird, where every feather may be said to
have at peculiar function assigned to it; neither is it necessary to reproduce the
intricacy of that machinery by which tlie pinion in the bat, insect, land bird is
moved; all that is required is to distinguish tlhe form and extent of tlie surfaces
and the manner of their application, and this las, in a great measure, been
already done. When.-Vivian and TIrevithick constructed the locomotive, alnd
S!-mi ngton and Bell tile steamboat, they dild not seek to reproduce a (qualdll)ped
o.r :. fish ; they simply aimed at producing motion adapted to tie land and water
in laccollrdai-e witli natural l\ws, iand in the presence of living models. Their
success is to 1I(e mneaslredl by an involved labllrintlh of railroad which extends to
ever part of tlie civilized world, land by navies whose vessels are lespatched
without the slightest trepidation to navigate the most boisterous seas at tlhe miiost
ilicl('-lc!ilt sellasilns. '1(e aeronaut lis tile same task before hiim ill a different
direlctionl, iand inl attellmpting to l)produce a flyillnrg ilmcl(lie l(e is not Incclssarily
attempiitig all ilmpol)ssiblle tiling. Tlie coulitless S,\alls of flying tliinllf testify
als to tlie practicab:ility of tile schliele, and nattire at once supplie;' himi with
lIIIellls anid materials. If'tartilicial flight were Ili t att:linalle, tile iil-cts and
lbirds wo lild a:l;'rd tihe only 'ex'ampl)es of amimiial:s x ll(se imovemlents (colid not he
replroIlluc(ed. 'l'le oulitg(oiigs and inl(co)lisill ( tile I.Uadrluped al(nd fisli are, how-
evx'r, alrclad successfully iilitated, and tile fowls fl' tel( air, tllougrl clalllor:ili
a:lld. sl, are nlot necess:alrily ,(yondl oil' r(ac:lh. Muchlhas been said a,,nd ,,lm
ill clearillf the1 forest anmd ferltilizillg tllie plairic(: Can nothlillg le donl, il reclaim-
ing the boundless regiolls (of tlie air ?

" De Motui Animal.~l



MAN AS THE COTEMPORARY OF THE MAMMOTH
AND THE REINDEER IN MIDDLE EUROPE.

Translated by C. A. ALEI.XANDr:R for the Smithsoniuan Institution, from "Aus der Natur:
die neucsten Elntdeckungen auf dcm Gebicte dcr Naturiwissnschnscaftcn." Lcip:i, 1867.

While the eyes of inquirers were turned towards tlle cast and followed with
interest tlle excavations ill Assyria and Elgyplt, in the liopo of finding thero some-
thing concluisive regarding tl earliest condition of olr race, similar researches
in tle drift deposits of Flrance, Belgium, and 1ngland, in tho silicious formations
it' those countries and in tloe oldest pile-constructions of Switzerland, (]cerlman.v
Ilml;:iary, a1nd Italy, brought to light. incontestable proof tll:t 1man111had already
·I,,btaiiied a firml'otliold ill different parts of Elllropel, at a time wlliclh ascends fiir
lvolnd our chronology, and even lively cotlemploraneoulsly witl tllt giganltic 1and
p.lttly extinct animals of tlhe post-tertiary period; with tile Imammoth, tli gigantic
dlc'r,tle woolly-haired rhinoceros, tlie bear, tihe tiger, lad hyena of tile caves.

It will be understood of itself, that these discoveries were at first. received witl
distrust, becalise tiley totally subvlerted all previous conceptions and could 1by no

ileanlis )e reconciled to tihe received theories respecting tlie age of tile hinan
race. Evein Christol and Tournal, wlio, il 1828, made, in the south of France,
tihe first discovery of fossilized lhuan: remains,mlixeld ithl fragments of pottery
land tile bones of extinct species of animals, ventured not to vilidicate for this
sigllific(at fact its just value, so firmly fixed ill p)lullic belief was tile dowtrine of
Cnuvier that man hlad firt made his appearance on tlie earth after tile ler of tihoso
primitive species. In tile same manner fared it. with tle discovery of tile Belgian
explorer, Sclilerliln, whlo, in 18:33, found, in some caverns nlear Liige, lihuman
olles intermixed withl rude implements of stone anmid the remains of extinct alli-

luals, sLuch ns tile rhilnoceros, thle munnmoth, &c.; even the discoverer himself
sugglestilng that it w'ns possible that these relics might have leen fllated thither
attel tile denudation of tileir original places of dle)osit. It was, of course, a,
strikilln ci rllilstance that already a[ niumbe r of (lde ilmlemenits of st)oe ](lad
leenl found without tlie coincident occurrence of huI'an remlaiils; whlel(nce 10o Ipr-
ticular signilicancy was attaclied to tliese when discovered, andlmanyl , witlelit
trloullling themseNlves with further investigation, were content to .assig'iltlicm to
n later date or to confound them witil what tlhey were pleased to call ..l;arts of

Nevertheless attention lhad become more strongly excittle, anild similar dis-
(veries, (esecially since 1810, stimulate d further ill(lliriies. Co(llilillli(ictiQois to

this (fl(t l oti indeed(, at once receive a proper apprl)eciation, but inallly theli
grl nillis of proof became s)o p)reponderanl;t tllat all obljectionis f1 the slkepltical
wr luplut to si il(nce.Meanwil ltle p)roofs have continullled to accum(llilate, so
that at lelgtil tilerelrem. ain no11 groIn111s of denying tl at lman was anii illl:ait-
:Ilt i' til(, earth at tlie sane time witi tile g'i:latic anilmalls o(f tlie (ll:aterlilnar
l'liril. 'T'e diseco(\-ri.vs(of late yearsenall)euls e(ven to ,follow, tile Ii ll an race
tlil,,lln dill'rrelt pleases of impro velleliLt during' tile prehistoric era.

At tli llelicelli (iftllie !quaternary period thle aspect of El'iurope'), as far
eveil as tli latitnude of Si(iily, closely rese;milled that of tile polar regi :s ol to-
dlay. 'Il'll (,iltilr, c( mltil(elit was wral('pped iln a shilrodofl snow; (linorllis lac i(rs'
c'.'ctl'ed thlie whole of Icelanill, cotlatind, and Scaindin. via. All tile valleys inl
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tihe Carpathian mountains, thle Balkan, the Pyrenees, nd(l the A1)plcines, were
filled to tlie summit with ice. From tlile peaks of tile Alps, vwlichl lose therm-
selves in dense clouds, descended e1'normous glaciers which, towards tlie south
stretched into the plains of' Piedmont and Lombardy, as yet covered by the soe,
while, towards the north, another glacier, 720 square miles in extent 1and 36
miles ill legthl, reached to the Jura. Thll European continent, however, was,
at that remote l)eriod, of much less extent than at present. 'Tlhe more depressed
parts forlme tllen the bed of the sea, and what was not covered with water lay
hidden, duringS tlhe long winter, under the enveloping sinow.

In tle wastes of ice towards tlhe north polo menl contrive to live, ilut we
find no trace of them ill Eulrope at the time we are speaking of. But centmriesi
elapsed, tlh snow\ gradually decreased, the glaciers retreated ,by degrees, as did
also tile sea andl strange fituna occupied Europe: anl elephant covered with
crisped hair and having a long mane, a rhinoceros similarly protected, a hippo-
potamus which must have immigrated from1 the south through thle lmoths of tlhe
rivers, gigantic bearIs, a large kind of tiger, multitudes of hyenas of still existing
species, a hIgeo ox, &c. These animals siulsisted together ulder a still rude,
blit less austere climate. At tils time, also man existed in Lurope in the midst
nf tlis not precisely idyllic fellowship!

Now, tllhe question is this: In western Europe was man indigenous or had ihe
migl'rated from Asia, together with -tle mammoth and rhinoceros ? It would seem

plrol)bale that, )!efore entering Elurope, lie l(ad inhabited Asia. luring the great
glacier period, the climate in southern Asila was less severe than in Europe, and
therefore better fitted for the sustenance of man,l whose dental system more nearly
approaches that of the granivorons than that of thle carnivorous tries. It is,
indeed, believed that, during the glacier period, IEurope was divided from Asia,
and that the two colntillents first bce.tme united after tlhe retreat of the sea. At
that time also, tile first migration of mankind to tle west must have taken place,
induced by tlie desire of occupying tle lands which had newly emerged from the
waters.

In what light shall we picture to otirselves the condition of these men'I
The ol(lest implements of theirs which we possess, the traces of tlie hearths
which served them to cook their food, certainly do not reach back to the earliest
times of the existence of man upon the earth. However olrr pride may revolt
at tle sfat, we are forced to acknowledge that tman, as he stopped at first upon this
part of tlhe earth, Jbore iln his instincts, his passions and his wants, no small
resemblance to the l)rutes. Fire was still unknown to hill; hlis.teetli sho
that lhe drew his nourishment ifrom roots and other growths of the soil, anld when
lie began to use flesh for food lie must lhave devoured it raw. His unsettled life
was exclusively devoted to satisfying lhis material wants; no idea had lie of amy
exalted enldowmients ; his speech would (comsist naturally of only a small nmnnber
of words, in which, as is the case with tlhe blshmen and other barbarous tries,
tile vowels played a promillnent part. A skin, stripped from tile beasts lie had
slain, forcedd tlie clothing of the pri'ieval l lIEuropeanl; his limbs were exposed to tlo
inclemlencllies ot thle weather, andlwhen lie would seek rest or protection Ir'om the
cold or from wild animals, lris neesfa('Slry' resort was to title forest or to dark cavi-
ties in tlie earth. Yet, in spite of the hmlllle stage at which man stood ill tils
early period of' his mundane existence, lie w\s still the paragon of creation.
le \was gifted with reason, and this invested him witil supremacy over the beasts

of tile w\ilderlness.
In time, by means of the lightning and volcano, mannwouldl become acquainted

withl fire, and1 soon recognizing its beneficial activities \would learnt to preserve it
als his greatest treasure. Since lie knLw not as yet thow to prolduce it, lie would
carefully maintain it bly dayanldlniiht. IHence, in tle earliest times, fire would
naturally become the object of 1leculia:r veneration. It llmust also have exerted
a powerful influence on the conditions of human existence. ToI the roots and
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rather unsavory products of the earth, flesh would more generally succeed as a

(diet, thle means havinglbeen supplied of renlderilng it. tender anid digestible.
Ag.aiinst the rigors of winter, fire oflered its read and invaluable succor. The
continual reassemblage around the same hearth contributed in no small degree
to, the formation of thle family.

At this greological epocli tliohe level of the water sank more and more, so that
the sumlhierged lands of' Europe rose gradually above tile sea. The gla'ciers
melted in part, aid at that time the valleys began to exist. 'lohe part borne by
the sea and by the water resulting from the melting glaciers-in this first deblcle,
admits of no accurate determination. From this period proceed also the deposits
of rmollded pebbles whlichl cover in great part different regions of Em'rope.
Another phenomenon stands in close connection with these great currents of
water: the caves were emptied of tile clay which liad filled them.
Amidst this grand melting of glaciers, andtl e floods thereby occasioned, the

\volcanoes in Auvergne were emitting flames and lava. Their activity was wit-
nc.ssed !by himan beings, who became, in some cases, victims to their violence,
as is testfrlied 1y the human remains found in tlie volcanic tufa of Mount Denise
lde Velais. At tlhe same epoch, herds of the gigantic mammoth and rhinoceros
roamed over middle Enropo ald central Asia. With them were to be seen also,
the ir'eat bear of tile caves, the colossal tiger, hyenas, the horse, and tile larger
rumimnants. Man had at once to defend himself against the savage animals and
to hllit tell as tile means of his own subsistence.

Thle animals which existed cotemploraneously with the fossil man were, accord-
ing to geological researi-hes, the following : the mammoth (Elephas 'primilnius.
Bhliineiil.,) tie Siberian ricos (Rhinocerosceros ficliorinus, Cuiv.,) tlhe hyena of
the caves (HUyrea spel(ca, Gold.,) the tiger of the caves (1;clis spclacc, (Gold.,)
the gigantic!deer (1MeQaceros h!/bfrnicus,) the bear of the caves (Ursus spccuis,)
tie ureinideer (Ctrvus t'randus, Lin.,) the ure-ox and tlhe auroeths (Bos primigc-
it.rs amld Bison cirop)celus,) together with many of the smaller carnivora, insec-
tirkma, rodentia',&c. These animals, now in great part extinct or confined, like
the reinileer and. bison, to certain narrow districts, lived, probably, thousands of
years before the era. of the more recent pile-structures, whose occupants have
left beh'lind them, in their utensils and implements, tihe traces of an ufmil'olding
civilization, and had succeeded in domesticating some of thle above species.
When we consider that the early men, with their miseralblv inadequate weap-

ols, were called upon now to hunt such fierce anld gigantic creatures as game, and
now to contend with tlie more rapacious of them f1o)' their own lives and acqui-
sitiions,tlie remark of Lvell will not seem overstrained, that it is truly wonider-
fiul how tlie primitive mail couldlmaintainl his exist('nce ill tlie preIsence o,f t these
brniidableh aulversaries. But it must be remembered, il explanation (if tlie actt
that ill tlihe case of' these remote ancestors of our's, as ill that of' the i'lre trIibes
of thie present day, the instincts which guide even the beasts were developed to
a high degree of' energy and cunning, so tliat it would be piractica:ll e for they'll
to pi'ovide 1foi' their necessities and ward oil' applreheided dangers. Ili this, tle
retflective understanding gave even to the earliest of our race a superiority not
to be undecrvallied, over tihe brutal foree of thle lower animals.
The power of endurance acquired by a life in the oplen ir, ,partly in tlhe

recesses of tlie thick forests, partly iln caves, the bodily ngility and dexterity in
thie use of their certainly very primiitive weapons, supplied, especially il a coim-
bined onset, something of the clliciency of our fire-arms; and thle exhausted
amidl incess.mltIv harassed beasts wold finally become thie prey of the illnefilti-
gable hlluntsmllnm. For, that ou'r earliest Lpredecesso's were hmntsmen andI fisher-
IKitic,the scallty subsistence afforded ib' thlie flora of that age permllits IIs not to
houubt. Many animals would be captured ,by means of pitfalls, as s iow the
case in Af'ric:a and other regions. ()mi thle other hand, we see that Ilie E:::qui-
InauI of to-day, seconded only by their faithful log's, and armed merely with
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harpoons pointed with fish-bone, more rarely with iron, successfully attack tile
Iormilalle polar bear; and tihe Indian of the Rocky mountains shrinks not froni
an (icoMllnterl with tlhe fearful grizzly hear, and proudly Nwears its captured claws as
a trophy around his neck. With 110 less impunity does tieoHottentot. engrare
ill caiiat witli tlhe lion, the rhinoceros, -eG. ; for artifice and perseverance every-
where secure to man u superiority over the beasts of tlhe desert and forest.

Before those whom we call savages had come into contact. with the European,
they bore as weapons, with the exception of the North Americans, who were
already in possession of cooper hatchets and knives, only tihe siiiimple bow and
arrow, the lance and javelin. The oldest inhabitants of Europe had similar
weapons pointed with liint, stone hatchets, such as are now inl use in Australia,
poinards of bone and Iick-lorn, hlances, clubs, &c.; and hence weapons of
such a kind as are now effectually managed by the wilder tril)es of menC. No
doubt the aborigines of old had not less skill in the handling of their weapons
than is now witnessed among tihe savages of Africa, America, and( Australia
and thus is to lie explained tlie possibility of resistance against the strongest
anilmls, though of course, the conflict of man with tile latter must often have
resulted disastrously to himself.

ThIe expertness of the uncivilized races in the use of their weapons is, if the
reports ofi travellers imay Ibe believed, something truly wonderful. Th'lus, for
example, thle Id(liaml of( North America transfixes with his arrows, at surprising
distances, a horse or eve'Cll buflalo ; and a like skill was displayed bIy those
natives of' Cape York, iin Australia, who were Ibrought to England in 1853.
They were able, without taking deliberate aiim, to strike with their javelins, at
a distance of 20 paces and with invariable success, a1 smIall object fastened to a

stick. Captain G(ay relates that tle Aust raliamis .generally are secure of killing
a hbird at tlihe sae distancec, a id St:rhlu'idgoe, informs; us that the natives of Vic-
toria dive, with speal in hand, into the river Murray, and never return withliout
lavitging transfixed a fish. Certain tribes of Patagonians live almost solely on fili
which, inll diving, they sometimestake:l willthle hands,l or caplture froll tle sliho
bi, means of wooden spears, like the Indians of California. The dexterity of the
Ymel II Sea islanId(lers il tlie wate'r is suchtIlat, descending among the coral reeft,
tley\ thrust tlie fore fimgeir into the eyes of' any fish they have marked for prey,
:iin tills !bring it. to land. T'le natives of Tierra del Puego display singular
^.k ill iin liiinig' stones, and not less thie l(ottentot, in tle use of his rakum-
slick, a missile with which lie dispatches t lie eleree species of animals at a dis-
t:ice of' from :30 to 50() vards. 'Phlie address of' the semni-barbarous (m'oachos of
Sotith Amlerica il t Ii use o)i' tlhe lasso is well Iknown; lnor is lt ieP'atagonian
less adroit witli hisbhiIs,l)y mieals o() 'which hi throttles tle pina or Americaln
lion before dispatchiing hili. Tlie E(isqimiaux also avail themselves,( fo' tlhe
('aptur'e of hirds, o' ai th1o(,g contrived on thle principle of the bolas; it is a thia
strap o)' I(.ather, o).aded(l at tlie Cnd with a bone-knob, as thle ohlas is with a

sto ii-weirglu to facilitate its being" wound am'ound tlie neck of the bird at which
it is cast.

'T'he Iboooer'ang of' tlie Australians is an instrument for hurling, which wai

l(!ng' aIgo) in use by tlie ancient fowlers of Egypt. Many of thle peculia'ly
l'orin(ied stone imtplementts o( I' tlie oldest stone period nmay well be supposed to

have' s(rve(d.lchiefly as minissiles, just as siimila' ones, made of iro, are employed
in Africa ; lo' illstalice, tihe lissinm 1or crooked clubi of thile negroes of central
AIi'rica, amdI thfi analogouis Ihingauiimunga. of thie Tibboos, in tile southeastern part
of t lie Sahara. It, cainiot be do(,uibted 'tlt thle eflectivemess of a skilfully' thrown
clib) or' stone is little less thaiui that (of' one of iron. it is therelforo bIy no ilieanls

I'eCessarm'V toi assume that thie(' almorigines of the earliest times must have wielded
very heavy weapons, fino' it would appear, from what has been said, that those
alr(ad( found would have qualifiedd their possessors to cope even with tie colos-
sal beasts of' that remote era. Bc.:ides that the more ponderous animals woull
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be mostly captlt red by pitfialls, it has been seen that tlie American Indian pur-
sieslthe bulhalo of his hlIunting-groinnds with proportionably feeble weapons, and
that a singleElsq.imalix will enter into conflict with the polar bear when armed
onvly with Ihis lanee. Among the T1schutklsches, who inhabit the northeastern
angle of Siberia, as ftr as the Arctic ocean and Behring's straiLt, even boys of
fromi 12 to 14 years attack the bears with spears five feet long, mid succeed in
killing them.

O)pplortunity is constantly afforded us of witnessing whatt can bo performed
by tihe ruder races of mankind with their simple implements. Stone knives of
bsidian, for instance, are not uncomnmon in Mexico, and in certain cases they

are even 1i'refterred to those of iron. We are told by Greton that the 1)amareas
disellcrmber without difficulty the largest animals, elephants and giratlils, b,
means of the poorest instruments-thin pieces of iron fixed in a short handle-
while lie himself could scarcely even pierce their hides with European knives of
tlie best quality. T'lie Caffres show remarkable skill in striking an object witl
their peccliatr miissile at a distance of 20 or 30 paces. In doing this, they seize
the assagay between tithe thub and upper finger joint, the point iln ro'nt , raise
the hand ttoti level of thle shoulder, not higher ; draw the arm back anil coin-
tiive, bi, striking the shaft against the wrist, to give it a vibratory Imotio(n frion
},,int to bltt, hu'l it with great Force, and thie weapon, still \-ibratig' dh'ring' its
p.'4sag'e thrioulh th:tair, seldotll fails of attaillillg its aill. o tie same effect
i:tiV he cited their kiiob-kerris, sticks o'f an inch in diameter and ollmr feeith ng,
tcrminatilln in a lar'e round knob. These are usually cut from thle otf::ioots
if tlie wild olive tree, and are employed by tlie C(aflres in hiuriting wild IbCeast
ir destnroi1inig serpel)Ints. F'or this purpose they lay hold of tlihe shaft of tile
wealllp, mlea'slure witli tlie eye the distance of the object, andthrothrow the stick ill
such a mannimer that circling inll tile air, thle thinner end shall strike the grouniili
a few 'feet from the point aimed at, and the knob fall, in tlie reboind, directly
»,m thle victim. Equipped with such nlig'ht ar'ils as these the Cali're seeiims isenl-
silble to daingerl and war hlas shown that iln bushim-lighting, tihe best Elnglish troops:
are scarci'ely a match for him.

W\'e are, of course, not ill a position to pronounce with certainty in vwhat man-
lier' (lie primitive manhlutedthose aiimnals of which we have been sipemaking.
IHad lie biee in possession of more tormidalie weapons than have been as yet
irecigi"ized, it is hardly possible but that some of them would have been found.
hut that thIe animals in question existed as coteimporaries of mnam, andi served
himii fr sustenance, Iaes been placed beyond a doubt, and, ill his encolinters with
them,,thl' primiti've weapolis of stone which have been already discovered will
aplpear to have been no such Imenl aixilitaries, wl\ieu we coisidler tli. effects pro-
diccediby time analohgos and simple instrumenll ts wielded by the uncivilized tribes
of thle present day.
This contest with thle umntamied animals gavehetile fist impulse to an industrial

activity allimoing men. Before all else the preparation of weapons was to lbo
thik.iili it'. MI etals were tien unknown, n'an mien seized i ipon sto,.e, especially
that knmwui as flint, whose aptitulde 'for Ifiercig, or. cutting was easily recignimcil.
Fron iliis hatchets andt tle points of lmimces were Fbormed aind fitted to wooden
litilles. The i nsfllticiency (of tl ,esewceaplos ledt1 t progressive adatptati(ons.
The beasts niio'lit fly, atid1mu11it ie,( v.rtak(' y,lvi, issil'es, ieiice tit' jca\''lin.
Tlefugitive( Iasis are init ill this wv .sily reached ; a step in a'ivance, terc-
lire. was tlie bow, which senIstllt. arrow to :a greater distance. Thel' ide.a
this was fIbnti in atu re: mnan 1d1 hit'eiis (yeCs tlie c urvatire ofd' Ibrat.hes of
trees iy parasitic vines, athd witinessi'd t'(. elastic Iortc tit\-lv divelpc(.di. ''lt
etId if tli. first b .,s was sulipp!iedl y strips ('lt with -hai'p stoes I'r.,i dtlme
hidi's of(' animals, and thI. arrow w'aIts iiiulippedi i tr Iii' cnd \witli a ]poilt ca.'l'uhlly
wrought f'riuii fliit. Stitiulated b.v hisI i.c, .:---itics }t li titill sooni Icatil to
resort to ambush aind other stratattgeims, a td, ;'tliialhy ctiliihltti'lIby success,
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le would no) longer fear to attack, even with his rude and imperfect weapons,
tlihe mi,,i'ltiest deniz(ens ,of the will--the mallnllotlh, the rhinoceros, and thle hear;
lnor,' wast it seldom that these fearful enemies fell before his prowess or his craft.

'I'lTe sedimlentary deposits of this era contain numerous evidences of tliohe
inllIllslry of these first menh, together with their own hones. The celebrated dis-
cOV(lrics in the Ineighlborhlood of Ablbeville, which we chiefly owe to thie assiduous
1esac:,1ri.hes of BIloucher (le PeIthes, have fullrn'ished so many contributions to our
knowledge that we can now figure to ourselves an image of' those far remote and
oscurelI' c'enlturies during which mankind lived in caves of the earth, and Imervly
dde'l to tthe stock of their implements by tile enill3oynment of tlie bones of wild

a:niimals ill addition to the use of flint.
T'le few very ancient skulls hitherto found authorize us to speak only with

great reserve of the type of tile races of men existing at that remote period.
'Iie, skull discovered in a cavern of tile Neanderthal, near Diisseldorf, exhibits
an ilunusual thickness. Tlelprojection of thle sipria-orbital ridges is enormously
great, tlie for'ehl'ead narrow and very low. Tlhe development of tlie brain was

sliighlt, an'd simiilar to that of, certain Australians. Carl Vogt is of opinion that
I is sk11 lland tliat found by Schmllerli g in tIhe c:avern of Engis, near Liege,a:re
remains of' a race !no longer existing in Europe. But scattered discoveries like
Iiese scarcely entitle us to such l,,sitive conclusions; it were well to await further
revelations before resig'eing' o'urselves to a'xy settled determination on this point.
'll size of tlie men of that distant date was not greater utt rather less than at

p)rcs.,'iit, notwithstandling. tle I leli't' so generally prevalent that in prehistoric times
oinl' 'earth,was inhabited I)v a race of, giants. For tlie origin of this belief we

Imullst look ttothe large (elliptical liiiundit s which occur'in certain distIricts, tilhe
SO-cl:alleiI graves of tlie giants, ill whlichl are filnd ill great nu11111beris implements
and \\x (')apols of stone, indlicating;' tliat these gr'aves lol)lg to a far-distanlt le(. al(nd
were i'rec'leptaclles f',r tIlie' (deal bdivs of at primitive people. thesee g'av'('S are

solme'timels m1or than a hundred 'ceet long, so tliat, iin comn:al'ison, our miod'in
sepl('lclhres aremere imolehills. But it, is an error, from thle magnitude of tle graves
to infi'.r that of the bodlies deposited therein. As tlie lead, at tle epoch in ,iies-
tiol, were buried', 't least ill part, withollt previouss iincineration, tolerably well
prl'see('d skeletons have beeno obtained'rmtiro the tonmbis, and these skeletons
'vici'i' that, so far fromti berlint!he remnainls of giants, they are tllose of,' a race
inferior in stature to thie ordinary 'proportions of' t}he (Ca'icasiani. 'lhe age to w;thich
theile gigantic tombs are tobe1 assignied caillt be exactly determined. Norsiomld
we justified in assiumnigL thlat tlis' wiho were deposited in them belt gedi to,
tlie earliest race( of' Ilen who inhablited Elurope after the disappearance (of the icy
itnvest:iture whichli,, inltlie j.uigment of thie mlost recent and judicimus illflircrls,
wrapped that continent almost fromn side to sidle at the beIginning of' the prl'esnt
ge' logical era ; fortl'e imliplemnets oft'ostfnio S) comimnly found ill ih(lie o1iiiS
bieai witless to) a consideral d(gree of skill, wliile tI toinl s themselves shliw
tlialt tie builderis hiad madeo I co itemlptible plr oress iln tiat branch of miiieclianics.
which is occupied witli thlie imaiage'lietit' of leavVy IIasse's.

''tihe stronglprojection of thle sliperciliary ridge may lpo)ssibly be a consequence
of t'lieiianineriof life led by these cave-dwellers. 'I'tev' imiust iced be alwa's on

tli(' look-out against the beasts (of which tV were ill I'ar, or searching anxiously
fol' slch as it was theirbusiness to capture fo:r fod1. Hly thiis incessant effort of'
vismal1 attention, tlie ilscles (of tlie parlut inll question wiulhd become dis'pro)l'r-
tionately developed, and the plhysiognmv lie impressed with a peculiarly wild
and fierce aspect.

W\'(ere thle menoi f that distant time cannibals '? Tie question scarcely'admits
of beiigpositively amnswee1d. In Schtland di'ertl. :;kll1s 1tave 1been f'idml, of
which somei ear at ri'ese(.bilalnce to those of tlhe ancient Britons, others to those
of t lie Australians. Together witlh these. have been discovered hnues (1 chil-
(Ihren which, according to Owenl, bear upon them thle traces of human teeth. Inter-
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mingled with these remains, artro-helads of flint occur and pottery of a very rulde
description. Spring, who carefully examined the bones of children which were
fou inBl iillinlthe grotto of Cliaiveaut, also arrived at the conclusion that
they were the remains of a repast inade b)y cannibals. The proof offered 1,
these facts, however, is not of' a convincing- kind ; on le contrary, it has been
ict hyv strong' objections. If men ill the lquaternary period devoured their 1fil-
low-creatires, it is diflicuilt to suppose that tlie marrow of the bones would not lie
t delicacy as cagerly sought as was that of the beasts slain in tlie chase. But
no human bones are found which have been opened in such a way a'~ to extract
this mutch-coveted substance, while everywhere occur in abundance tlie bones of
imiuletialian animals which have been evidently i'ractured for tliat lpurpose.
A question ias ileen suggested by IHorn whether tile marrow of the longer

hones o( animals served thlie primeval men simply and solely as noimi'islnnent ?
It may have been used also loir anointing the body, as well for protection ataitst
noxiois insects as against, cold. Nor is it unlikely that one of its eco(no,,Mical1
miies may have been fot' rendlering more pliant thle skins which served for ch1lih-
ingit. As an article of' food the marrow, iust have beenll devoured raw, fori most
of tlie bones show that they have undergone no action from fire. Indeed( dur-
ing thle earliest stage of mal'ms existence in Emn'ope, fire would seemt to have }been
unknown for any such pul'pose, as were also vessels artificially made of,' cartt;
and it' tlihe marrow was to be melted for the processes 'just ientionehd, it could on! v
1),1 (flected by the heat of tlie su11 anrd in cavities of' tlihe rocks.

It ihas been remarked that inl tile bones of the hmnnan jaw which have come
down to us fromtlie stUll more, recent age of, stone, the incisor teeth arie 'reatlv
wotrn. Silence it hals beetn hastily inferred that fleslh was then eateml unicoo(ed;
lint tin's view is ill conflict with tlhe discovery of' charcoal tender circ'llustance(',
which imply tilhe former existence of a hearth; no' is it to be sUlipposed thatafltti't
having' learned the economical uses of' fire, men would continue to,dcvouiii' their
lod raw. The abrasion of' thle incisors might perhaps proceed firom a picilliar
inile of mastication. At this day the Esquiiaix are said to use tle frontt rather
thami tlie molart teethi in manducating food.

'lThe, caverns in which at that remote era tihe bear, tile tiger, and tlhe. hyena
tlound al]air, are easily distinguriishallo from those selected by man,as ;alhablita-
tion. Iin tlie former, tlie bones which occur aire unbroken ; tl(hey bear incerly tIhe
traces of having 1beeml gnawed Ivy carnivorous Ibeasts. Ill thte ha its oto' lie humnal
hin, on thlie contrary, tlie bones are always broken in thle direction of theirIlIitgth,
for tie purpose of extracting the marrow. (ir prini ivye ancestors devomedI indis-
criminatcly the lioise,tehrs ox,theheox,ti lib ear,lietiger, and even tlierlin'ocerns. Ir,-
vidd thlie chase was successful. I1' tlie ammaoth ell intoll thellcir lianmds, Il ie tliickl
intteg'mnent of the animal mist indeed have belen a prizee f;,rtheir rudte donmilo-
ries.
This first age of man must doubtless have comprised t thousands o(f years. We

know hiow slow lias been the development of' tliehutimna race, and froimi (wlie con-
sideratioll that eacdh generationl standIs onl thie shioulder:foff lite lpreceldill ilald civil-
ization is Nit tlhe prodl:t of thle past, we canll readily appreleind that tlie mpro,(.ss
of improvement must have been tardy and difficult in proportion to tlie distance
,fi tilie which separates us fromill tlie period uilder contemplation. Acceleirat ed
progress comes only witlI thlie experiencee and facilities ol ltiilip ied years. Logi.i
imulist have been tlie ages when man's life was buit a striig'le 'for existm(-.,, a:t Id
f';r (lie bare satisfaction of tlhe mcanetr necessiities of hisijatul'e. DIiscoiveries
havelt\been too fiew: and indecisive to afl;rd us any distinct itmag.Le oft(l.e habli:;
and iode ofl ife which characterized t his primord ial condition of ii' race; Iiit
it is gratif'ying to add tiatIa discovery liias at legt i ieen madet. whichsei..ls to
lead il thIat direction, and which is the imore important inuasinmcih as it Iis g-iven
a renewed impilulse to exphlo'rations of' the same kind.

In the year 1852, a laborer, named IBoniemaisol)n, employed in repairing tlie
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roads near Alri.nac, in thedepartment of tlioe Upper (aronne, observed that
rlilis whelin pursued took refuge in a hole on the slope of ahill in the vicilit y.
Into this hole le thrust hii; anrm, aind, to his surprise, drew forth, not a rabbit, blut
onieo.' tlhe lonllg' bones of a hinua skeleton. Proceeding to dig, into the ill, lihe
elico lllitred al arie flat stone standing erect and closing' a cavity into which the
rabblits liad wrouglit ain entrance. When Boliiemiaisonh:ad removed the stone,
lie saw before hiiimi a natural cavern wherein lay not less than 17 humntan skele-
tons. IThe discovery naturally caused a sensation in the neighborhood, and unfor-
Iuniatelr' t li lmayor of Am'ii naic, l)Dr. Amiel, felt himself boulnid in dlity to have
these human remains transferred to thie chlimn'chyard and again buried. Not thie
sliigt'ltest misgivinll seems fori a ionrmenit to have been entertained Iny thi s conscien-
tiois IIllmctionarV that lie was wresting f'omn science an invaluable treasi're. When
L-rtr.t visited A1 i ',ac, eig'lt vears later, and heard of this interesting discovery,
Ioo,(le, iliot (oven the gr'ave-digger, could pointrot tlie spot where the skeletons
hauld been interred. Thus this rich harvest of' ethnological knowledge secis for-
ever lost to the antiquary and geologist.

Lar'et nevertheless faiiled not to visit the cavern, and to institute further
resea(:rchles. The ru11bishi which forlMnhtdreds or thollsands of' years had been
descendingg from the smnminit of tlie lill had buried tile stoneIby which the mouth
I1ftle grotto was closed, and had also covered a small terrace wllich existed in
front,,1 it. Tliese accuimulations1binig' removed, tile original surface wasa&-'aiii
excisedd to view, and ulponl this were found a number of calcareous stones, the
rel'IIai Is of an ancient hearth, as well as thie bones of 'many difln'ent animalsand
obj(ctso'f Iimn an industry. liItlI ledoI(l earth wh ichI covered tlie floo,r of the
'roltto were Ioumid )bones of thle cave bear', Ilie mircle tilehorse, the reiideer,

&\c., which had been neither brokenimnor gnawed, and, besides tliene, instruimlents
I,'liint-sltone, a weN)apon(,onstrileted oif lie antlers of thle rcin(der which had been
sharpclned ato e end, together with 18 s1mall disksfl'irmned of a white sell sub-
.1taiice an1d perforated through tle miiddle. Thlese last were recopinized as being
dcriv.ed from sliells of a cockle (C(urdiumi) which is aill inhabitant of tie oceall.

'The Ibolnes ulnd ion thlie terrace before the griotto h1ad all ibeelL fractured, as it'
to, lay bI:e the( enclosed im'arrow. Still distimetly to be traced were tle notches
liade iv tihe stonle hatchlets or knives whichl lihad Ibeenl used to detach the Ileshi,
as well ais marks of tihe teetlih of thlie livenls which lhad resorted hither during the
nig'lt to f'east omil what remained of thie spoils. 1Kven('ct lie excrements of tileso
wild animals were still distinllguiislmable. Solime of tile o(lles bore traces also of
iit'vilg' beeni submitted to thl action of fire. Tie list of thlie animals to which
tite innles pertained was by no mIeans a brief one. AniLo1g extinct species were
reci:Wi i z tethe Illilli thi tlihe rhinoceros, tlie giantic deer, til great bear' and
tiinranl hiyeina of tIhe caves; amlLong those' still existing , tlie aurochls, th lhorse,
vie atss, tlhe stag, tie reindeer, tlie roe, thlie will boar, thie wol, tlile foix, the badger,
and1tli poilecat.

'I'lLteidjects of' human art amnd ilndiustrv found ill front of thie( grotto were very
IIIIIIIerlit:;. Shal'tpelied instrullielits of(' flint, mostly kilives, were discovered! to the
ttiiioiimlt of)t not fewei'r flitiall a tiuidred, aitil, llilgledl with ithei what appea''ed
to Iie missiles intended for tle sli lg. 'Th'le circu.mstlance that these objects
wCri I cconl:painied bly cores or' nliclei of flint, thlie material Ifroliwhich they were
Imladc, would seem to indicate that somlle of them had been manmi'actured at this
spotl. )thl(e, ilobjects also were found in considerable niiliiber, wrought of bone,
and(is-pe'cially of' ttie antlers of tihe reindeer, sci !l as points Ifor arrows without
ba'l-b, a shape with which we become familiar' at a later age; a bodkin formed
oft' tilte ioaire comimpact )bo(le of thlie roedeer andI sharply poinited, so its to be well
-suited fior pil'rcing thie hidles of aLimails ini sewilig tlmi toigether; and still another
ot smaller' size, providedI within a very sharp point, wlhicl had probably bieenl
epltliyedi fior' tatt(oilig. Manly flat pieces of reindeer's horn, polishl'id on iothli
siiles, closely reseiible, according to Steilihaier, ()it' thie miimseuim of antiiquities at
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Copetilhagen, certain illmplements still il use among tile Laplanders for pressing
the rough seams. Anothllr plate of tilsame' ubilsta)snc exhliliits on o,,e side
niany transverse lines traced at e(qi1al distance from each other, and interrupted
in tlie iddl(ll so as to olbrmi two rows. Oni both clees of tlio plates are notclies
cut still deeper than thlle lines, but also at equal intervals. May not these have
been counters for marking thle values of diflkerent oeljects, or, as Steinhiiauer con-
jectiures, miiemorials of tle Chase ? Finally, a fang of ilthe cave Iwar, (fUrsus spc-'l(as,j pierl'rated lengthwise, as it' flor suspensitn as an ornament or amulet,
aH;rds us rather an elaborate work of men's hiaiids, a primitive attempt of art to
imitate thle animalforia , lbeingi carved into tlie rude likeness of tlie head of a
bird.

It is not without interest to remark that tlie bones of tihe carnivorous animals
found around thlie hearth were entire, and showed no mark proceeding from tlhe
use of the flititknives. Evell tile iyenHas appl)ear to have rejected theIm. The
bones which lIad been opened and were gnawed, belonged especially to tlie
anrochls, (B1isom curopea,'s,) tle reindeer, atndi the horse. 'Thle skulls of tliese
animals were wanting ; plroallly they had been l)rokeni to pieces in order to come
at the braille, atid the trag'ieints th'rolwn into tile valley. P'allas tells Ls that, at
this day, the 'Samoecitdes eat the brain and marrow of the reindeer raw.

Fromii tlie above flcts Lartet lias drawn the following conclusions : Tlie( Iiarial-
place of Allrigiitc reaches bacek to the higliest antiquity of our race ; a profI' iof
this is furiiisheld )y theimuna fo;idl!on tihe site, and which in part lhas long dis-
app.ear'd fl'nni thle earth. 'lue depth of' tlie layer of ashes, as well as tlhe great
num (eroi animal )iine(s, show that, in frontt of this grotto funeral beasts were
held, andl that it has been opened at different times to receive liew bodies, until
tlhe cavity was filled. On tlie other hanil, tlie Iuilnjulred bones fmund inll tlie interior
of tlie cave e.vince that offering's have tbIeen here c,msecra:ted to the dead. Th'l'
various implements s were duepo.'ited that tll( deceased might avail themselves
thereof oil entering upon anotlh'r lif' ; a custom which we know to be still in use

aUcg vatrious iuncivilized tribes. The carnivorous animals lwhich inman seems
lnt to have eaten may, by means of their skins or in some other mnanncr, have
borne a part in these primitive ri.ill'ts of' sepl lture.
The absence of all traces of' pottery is a fiurtther plroif of tlie very remote anti-

quiity of' tlie hiliiian remains herl'e discovered. We see, however, that, even at tliat
distant tine, iaii was not destitute of a certain d(Teg(ee of practical skill. A lI'readytflere icre instrilients ,of' horn, alnd thie bodkin ill particular was not ill adllaptedo;,,'s:ewingtgtcther tlile skiins which protected tlie person f'lrom thorns as well as
cold. Nay, the rude inhalbitlant aspired to somet amulillit of luxury' though, it
must be coifetssed, of' a very primitive sort. ',lie disks pierced iii tlie iidIdlc
imulist have served to form eitherli'a an rlllet or necklace, ald ill thle bear's fialg
above sl(poken o[f'we Ihavte perhaps tlie oldest in()illlme('nt (of art which l:as descenlde
to us f'romi its earliest infianc'.
Wheni lo neul aison ), the :laborer who discovered tlie grotto, first entered it,

thlre were within it several entire skulls. According to tlie reco)llectioin I'f IDr.
Amiel, who counted thlie bodies, the reiaiins were those of a race iiider i lie aver-
age size, 'and(1 the skulls were 'Iac( lie or roiidt, which accords witlli tl e
(diiscoveri(es ,miade at Monlin Q(iuniigoii, and in other caverns. A human imaxillarv
bone I'oiuid Iv ]Lartet, imbedded in tle loose soil within the grotto, points also to
the same iinfer'iority (of statrlle.

In rel'crenice to these discoveries Sitr Charles Lyvll expresses himself in tlhe
following ealtnner:

Ift' tlhe fossil nmeumoriails of Aurignac have hecn correctly int'rprcted-if we have here hi-fore
us lit tile i,rthlierni base of the Pyreinees t11 splelnrl vault with skeletons of ullnnl bei llgs,consigned by tfriiends and relatives to their last resting place-if we have also at (lie portalof the tomin the relies of f'iieral feasts, 1ald within it indications of viands destinedd ftr the
use of the departed oil their w.ay to a land of spirits--while among the fitneiril gifts mae
weapons wherewith in other fields to chase the gigantic deer. tile cave lioni, the cave bear
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and woolly rhinoceros-we have at last succeeded in tracing back tho sacred rites of burial,
and, more interesting still, a belief in a future state, to times long anterior to those of history
and tradition.

It may perhaps seem strange that this depository of tlhe dead at Aurignnc
should have beenII)reserved for Ius so many thousands of years, and not have
beem swept away by the diluvial cataclysmiis. Bitt when it is considered tliat,
excepti ng at certain points where thlie ulpheaval of the soil has been distinctly
ascertaiied, tlie height of' these inldations over tlihe regions ill lestionl lihas not
exceeded (00 to 750 feet, it is clear that the grotto of' Aurignae, which lihas all
elevation of 1 ,290 feet, was beyond their reach. There are various other cav-
erns, moreover, in which proof exists of tlie cotelii)orallneo)nis existence of itan aind
extinct animals of tlhe qatetrnary period. Ini a general point of view, these
caverns may lie divided into three grmioups, those which have been inhabited by
men, tliose which have served as 1biuirial places, 'and those which have fiormied the
lair of thie greater carniv'or(ls anlilaIls. These last contain num1er1111 s bones, tlhe
renmailns of the prey draggedlltlither by sllch wild beasts as the tiger, thle hyena,
and the bear. Tlie()bones a're giaweid, never split lengthwise, nlor(Io ' ny t'ra(ces
occur whichwjo ld point to thepr'esencue tof tie 1ma ra''e. 'Th'e (caveris, on
thle other hand, whiclihave formed tlie hablitations of, man are readily to lie dis-
tingutislied, even in tlie absence of humll remains, by3' tlie existing bonI,'is being
cleft lengthwise in the manner which was utnifotrm'ly employed to get at the mar-
row. In certain caverns are fomid ,ine or more overlyimng strata containing
remains and corresponding to different epcmls. T'ihe grottoes wiliailhave served
as b]irial places arc usually small, and entered by a narrow passae, so as to ie
readily cl'isedl lby a flat stoIne in order to lro(tect the dead bodies from tlie rapacity
of Iivenas anid (other ('caln'ivo'oits a:imials.

It is easily conceived that manly caverns exist which do not fall within either
of' these three classes. Sm:e of' tithem, whiclihave two entrances, Il halhave beein
emptied of their contents !by floods, or been completely filled up with mud and
rubbiish. Others have been inhablited by man, after having been previously
occupied as delis tby wild beasts. Others still have beell hollowed itt by mimi,
in order to bie used ftor different plirposes. Ill thle latter, as in those exp1"sed to
tle action oft'water, much cir{'cumlspecltion is req(uisite to determine thile age of tlihe
remains which are found therein.

'Phlie principall caverns lpertailinig to tlie age of tlhe great cave bear's are the
following: (1.) Thlie grotto of' Vallieres, in tlie department ot' tlhe Lo~ire, and
Chler. It contains bones of tlie rhilloceros, tlhe hyena, tihe gigantic dleer, tlie
bie:'ar, tlem aiurochls, a horse, (.EJ(1us (tumniticu's,) mingled with stone hatchets, of
the kind found in the valley of the Somine. (2.) 'Thlie grotto of Arcy-sur-¥Yone.
LUndeir a m11(re recent deposit it presents two strata of the quaternary period.
Here were lmind bones of the elephant, the rhinoceros, thel bear, and tle hy'ena,
intermling'ed with stone implements ; also the two br'anclhes of' a hiuilIanunder
jaw, witlh teeth well preserved. (;3.) Thle cave of' IF'otaine, in the eiivirolns of
Told, c(oitaininig bones oif the bear, t lie hyeia, and tile rhinoceros, as well as
olbjec:ts of hmitiian industry, inclulilng a needle of bone, provided witlh an eye.
(4.) The cave of' PoIntil, in thle delpartimewit of' Ieirailt. It contains a lowerbed
bIearing tlie remains of tile large extinct animals, and an upper one within human
renlinsll, charcoal, and implements of' stone bone,e, and buckhorn, mingled with
tit.e bones (o' horsesatnd bisons. On tlihe surl'ace have bee collected tihe bones of
thie polecat, together witsmthsoot stone hatchets, and objects which point to timu
ag'e1'of bronze. (.5.) The grotto of' Monstier, in tlie district of ]'eyzac, (]'erig'ord.)
I tere were pIesented tlo remains of tlihe cave hyena, the great bear, and scales
of thi(e molar teetli ofl' tie elephallt, such as were found at Aurignac and other
places which had been iihalabite( blymen. Withl thie atimlal relmtaiis were min-
gled stone implements bearing a reseill.lance to those found( at Albbeville. (6.)
The upper grotto of' Massat, in thle department (if Ariege. IHere, besides many
animal bones, have been recovered two human teeth anid an arrow-head of bone.
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The caverns in which such discoveries have been made are not confined alone

to France ; in other countries revelations of the same kind have taken place.
Thus, for example, Colonel Wood lhas brought to liglt, in the cavern of Longhole,
(EIngland,) the remains of two different species of the rhinoceros, (Jlhinoccros ticho-
rhinus and IR. hecmitocchus,) together with knives of flint. In tlihe cave of Wells,
in Somersetshire, in the WVokey cave, and in several caverns of the peninsula of
G(lower, in WVales, bones of extinct animals have been foiind, b)ut the cotemplorar
Presence (o' man has not as vet heen substantiated. The celebrated (haileireu-
tier cave in Franconia is well known to be rich in remains of w ild animnals. T'lie
grotto of (Chlialngo, near Vicenza, and that of Laglio, on thle shore of Lake Como,
contain n11111erous 1)lones of cave bears, mixed with some impllelmeits and tlo
relics of rude earthien-ware, a rare contributions from so remote al elpochl of tlhe
h alllt race. Iii Sicily have been t'onl(, in thle grotto of Macaginomle, bones of
thle E'lpluis (ntliquts, at cotempi)oraryotf an, together with bones of other beasts,
aind tlie reitInallts of human industry. Were we to enllmerate 'll thlie caverns of
this sort, tie list wmiould bo a long one. We find such inll all parts ()f tlie earth,
anld it is not seldom, as for instance in S ria, Brazil, &c., that they afltn'd evidence
of tlie cotenll)Prary existence of man a1nd fossil species. Nor are the discoveries
which 'prove this syntchronisim o' man with tlhe great extinct inun:mtialia limited
to the caves alone. Thle valley s of' tlihe Somme, tlie 'hlims,&"c., fil:ish tli
traces of' human industry ill tile tf'mi of implements wro(ghlt of' lillt-stole, in
comrItoini with tlie bones of tlie mammoth and rhinoceros. Especially richlyare
these kinds of dtep)ositories in France, Belgiuni, and England.

But how was it that man and these great nlammalia of the (pIaternarV era perl-
etrated to El;nglaind, after mnigrating from thle north of Asia, where they perhaps
existed at tlie pliocellne period ? It is readily seen that tile migratiomls Imay have
taken place before thle irruption of1' tlie waters into tile Eniglishl chliatnel or if
later, over thel ice of' tile frozen sea, for t lie winters, at tlihe date (of tlie upper sili-
cions deposit in tlie valley of the Sonmme, must have been very rigid.

'Th'le era of' tle cave bears embraces several thousands of years. IDuriing this
period tlie temperature in Europe was less inhosl)ital)le, buit on tlie approach of
the (cpochi knlown, as tiat of' tlie reindeer a recurrence of' intense cold lmust have
taken place.

It is imow some 30 ears since thle statement was authoritatively made in
Switzerladmi that thie glaciers lhad, at a geological period of tile eaartl's history
wlicli canll scarcely vet Ie considler'ed as hIaving lpassd away, occlutied a far
wid(ier extent tliall at present, and not only descenllded to tlih level country, 1iut
piled themselves to a considerable hei eight against tlhe wall of tlie Jura, op)posite
to-, the Alps. Regarded at first by the older geodogists as a rash aldt visionary
hypotlhesis, tlie glacier thieor'y has continued to gain ground, basing itself on
riCsearlches restrictedi to no latitudes, but laying under contribution alike the north

mid south, the iloilitains and tihe valleys; so that in these later times its most
bii-',)teld l 'verisaries will scar'celey velnturel to delv tlat it has always fl;,lowed
witli scrupulous steps tile observation of' 'acts, anid lias never accepted amlythitlg
as pl'o'-ed which could not be established Iby direct reference to tliet glaciers and
Itrctic seas of tle pre)'sent day.
The rocks of Norway and Sweden, as well as tllose of Iceland, are in so many

places rnibbed away, scratched ad1 furrowed, that it mitiy within certaillty be
lssmled that the agent bly which tluese lplenoimena were produced ias been in
operationn over thlie while region, and that where they fail to appeal they have
Ibeel obliterated by subsequent influences, particularly ehleientary abrasion.
T'len polished lid furrowed sm'ilces,iall tending in aCertai'n direction, are founld
lit a height of' 5,000 feet ill tle Norwegianiioutains, so that feiw peaks and
ridges rise above thie level of tihe p!eommlenion. This has undoubtedly greatly
'.'mttribiited to tlie ,ni!fformityof otline in tihe mountain cihaius of' Norway
while il tlie. Alps, where thle height of tlie plhenolienont reaches 8,000 feet, tlhe
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ulliforlnlv rounlded siuinmmits, the bellying convexity, as it is called, of tlie sur-
face slow·themselves only )elo)w that limit, and above it first commIences tile
ipecliiar f;nrm, tile individllalizinmg structure which gives to thle whole chain so

striking and silinimme an effect.
As in all other imoutaintain ranges, these scoured and furrowed surfaces stand

here ill tihe most exact parallelism with the iheaps of gravel and sand, as well as
thlie boulders, which occur now o1n tie sides and now on the beds of the vallehe,
and which h'ave evidently been transported from far distant localities. In Scan-
diinavia, epitally as inll tile neighborhood of the Alps, liiinre(s of places can 1,e
plointeld o(ilt where blocks of enormous weight and magnitude witi sharp edges,
andl which call therefore by no possibility have been rolled, are found leagues
away lfroml their place of origin and deposited on a suibstratum ()o' rock widely
diffl'ring from their own structure. The direction of' the fullrows anlld strike ol
tlie abraded sirif'aces accords with the route which these blocks must have fol.
lowed ill their imiigratory movement; as it shows also tire points from which the
molvimlg fierce derived its impulse.

In various charts the observations made ill Scandinavia and Finland respecting
t lie form'ii ad a'irranrgenment of tlese abrasions have been collected and compared.Cotnformabll e for) themliost part with tlie direction of tlie great valleys and tile
elieneill sl!.p., the highest point of whliclh is found ill thle long coast-ellain of
Noi'vwiay, ler' aIreeyet points where isolated mIloulltain siinumits rise, as ill tlie
Alps, to : loftier altitude, and from these the traces of the abrasion radiate into
ithe slljaieeit valleys.

From] a collation of tle phl)henomlent u1111er consideration, tlihe abraded surfaces
willH their roin.Cded outlines and lineart wings,thie asingular and unwrnl
erratic rocks, tlie a:ccumuilatiois of' gr'avel and salnd which either riin along tie
sides ('of lle valleys or forii inll ti bedsthei ranlsverse wallsr1' rallpuarts, convex ill
thle dir(ciio n of' lie descending slope, there can 1be no longer anyv reasonable
(duIbt that we have before us ill these phlienomiena thle work of glacier's.-glaciels
wliicl(l (i,'iice 'ove'red all 1tie s11 irftceso(Ii wichll tils assemiillage of pdi]ihenoimena Ir,-
milets its(f', atlld wichl therefore overspread as wit a continumis root' of' ice the
whole of' lie Scanidiallviani peninsula and Finlan1d.

MI. Kjerill, of (i'hristianlia, calls notice very Jiustly to thie observations of )Dr'.
Rink, whlo passed several years in Greenland and tllere attentively studied tlie
ice envelope of tile interior country. A continent of wide dimensions, not
small lert th ewholewhole Scandinavian peninisu la, is ler'e seen covered with all
eCnoriois ice-cruist, which attains ai height ioft 1,000* feet, and wlich exhibits a

general oiilovellient i'from the interior towards the western coast. Slowly but
steadily docs this lass, bIearing its ad'enlitiomus freight of rocks, glide downward
to tlie sea, wliree it breaks oil' ill immiiemise fragments; and it is these lf'ragments
wliicli as icebergs, often of coloossal size, are bornle by tie ocean currents even as
fal' as lieti lttide of thle Azores, melting' away gradually in their progresss, and
depositing their rocky burden onil tile bottom of tlie sea.

'Precisel thle saiitepllhenomienon was once exhibited in Norway, Sweden, and
F"iland. 'h' land was hidden under a vast covering of ice, which carried down
tiwardi s the se('a the I)Cbbles and gravel, or, if' tlie expression may lie allowed, tlhe
emiery wlhichi s.reved this stuipenldou)s polishiing' apparatlrus as a suibstratuimi. 'Thle
whole mass (of, Norwegian rock was worn down and striated as we now see it
but thie Arcti oc(ea.l itself whicll si'roulimded this mpre-historical Greenlanid stood
at first deeper imtia te present mone; for at mlany points tlie abraded surfaces,
with tihe fuili'rows well\ preserved, stretch down under thlie w:tter. If' this circucin-
stance be n)t of' itself smuilicient to explain the refrigeration of this northern
region ill a degree equal to that of' C'-reelmlaud, it is to le considered that tie greater
elevation of' thIe hulad above tlie sea must to somnie extent have c(o-oplerated to that

'2,00o fe't p'rpineidicur tit tioe heads of' the flu.rds which iitersect thie coast. (Lyefil's
Ant. of IM1an.)
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effect. Bunt where surfaces abraded by tihe glaciers show themselves under tile
present sea the water must certainly have once stood at a lower level, for tihe
ice descendls not beneath tile plane of the sea, but is melted and undermined by
tille latter, as is witnessed in the case of' the polar glaciers, under which explor-
erns hlave fio0nd it practicable to penetrate'at ebbl) tide to considerable, distances.*

ThIe sea meantime climbed upwards, the landbecame warmer, the general
ice-envelole Inmelted, tlie hl'tier ridges came to light, while the glacial mass sep.
·ara:tted initco isolated glaciers which killed tlie valleys to their mouths. Now, first
cctr distinct moraines, as ill tlie glaciers of to-dlay, lateral inoraines, terminal
Lur:taines, ramparts of rock heaped in lines, of wiich tile outermost stretch to theo

1i'Csent coast, while the iiiiieirmost rise to a certain heilight on thle walls of tlhe
v.-Ilevs, or forml barriers across them, where they denlote tlhe halting point of the
retreat Iefore tlhe sea. Tile sea followed to thle height of some 500 feet, for at
this elevation are found banks of shells containing mollnsks which belong to the
Arctic ocean. At the same time the migihtyv masses of' ice, as they melted, gave
firth streamsiiii wlielh, damiied l here and thethere eti termiinal barriers of the
laiciers, formed inland seas, while thlie line material, which all glacier currents

lr alornhg with them ill great qllanities, settled down in tlihe form of clay, marl,
and sand. Te oce o the e side, the inland waters on tlie otlier, plied
their work of erosion oi tlhe older masses underlying tlie ice envelope; thle gla-
ciers contiilnued to bring down erratic blocks which, after being' long chari-
oted on their icy vehicle,, inalliv sank on the sites where we now fisndotidhem.
And thus was gradually brought abolit the geological period, in which the gla-
ci'rsi x( nd omlv at a filw l)places to thle sea, or else impendl(l at a considerable
heigrht above its level. while inll the bosom of tile valleys reigns, fbor thle most
pan. a mild( and geni:ial climate.
This prh'isrtloricalglacier period of the north is no rlomallince ; its consistency

with ,observed Facts is unjdenialble. Thel series of these facts is this given by M.
Kjeriilf:
What dio we find to beo tile prevailing arrangeement among, these glacial masses piled upami diisrribmred by the sea ! Undermost. where they could not again be sulbjected to the

action of wa;er. ssand. aitii rolled stones. ttihat is to say, scoured sand and stones. Inl these
we havetldie material which was moved forward under the pressure of' the ice over the ftice
of'ttic rock Would we learn the direction of the scouring process. it is to the blocks thus
m11ovldt thilitwe iitistiS h}ave recourse. As these are mostly broken to pieces, small and rounded,
theyv ave been called "rolled stones,'' though this, strictly speaking, is ani improper namm'e,
and they might more properly be called "scoured .stones." They have not been rolled, but
have been reciprocally crushed by one another, and fixed ill tlhe ice, like thie diamond in tliohe
graver's burin, they have traced furrows and sria:t ini the subjacent rock. Above tie scoured
sand banks of roiledt stories lie the ditinrent sorts of loream ; first, cetlceareonis loamt. inatrl loan ;
iu precincts openly to the waters of' the glaciers. sedimentary lime and loam brought down
from tlhe silirian strata : next shell loam generally, where the elevation was not too great or
thie currents of cold, fresh water, produced by thawing, unot too powerful; tlhen brick earth,
w.ilidot shells. retfirabhl perhaps io an aitr wthen the itindation of tiIe interior country was
at its highest: then sand. and on the top of all sand loam.

The( great erratic blocks first bccmmrabove tlie l eds of scotnred stones, loam,
alid salnI; in Scandminadi'ia they have bmeei broiighit into tlhe position inl which we
ow findl tihem il some instances by cakes of floating' ice, bult fin' tlhe ,most part

hbyt.le -la:ciers themselves.
hav'e tlins a llog tract of tilhe Ibefore ts, during which a state of thilings

like that tnow existing inl (reenelanld prevailed, and a-i icy oceanl washed thIe

The stateillmtint given by Sit Charles Lyell, in his (geological 'Evidences of the Antiquity
!' Mall, varies il .solli res act's from thet views of the text: "1heln theso masses of ico

reach tl.ie friths of Greetlamid they dto not mlelt or break iup) into fragments, but continue their
c(ir.se illn it solid l'ormunder t hie salt water, grating along tlie rocky bottoll), which they
mulst puli.lsh and score iat depthIs of hinmidredmls, and even of mioro than a thousand feet. At
length, when there is water enough to float them, hugo portions, having broken off, fill
1ajllit'.s bay with icebergs of' i size exceeding any which could be produced by ordinaryland glaciers." (Chftp. xiii.)
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glacier-crowned coasts of Scandinavia and Finland, which together constituted
at tlht ttime a separate continent. But it is not in this frozen continent alone
that the proofs of such a polar sea are to be found. The whole level country
of central Europe from Holland to Russia is strewn with erratic blocks, witil
rolled or scoured stones, which have all been derived from S3candinavia and
Finland, and whose southern limit is determined by the elevation of tlie land
which passes under the name of tile Weser chain, the Hartz and Erz mountains,
and tile Riesengehirge. To tile east tile limit of these erratic blocks winds
thlrolugh the Russian lowlands to tlhe Ural, and thence around to Finland by so

regular a curve as to le almost suisceptille of being described with a pair of
compasses on tile mapl. Here, then, we have thie circle of dispersion of' thie icy
ocLan ill question, within which tile blocks were stranded, and from tlhe circuit
of which it is at once to be discerned that the Scandinavian-Finnish region
was all island, and that a: broad arm of the sea connected the present Arctic ocean
and the Whlite sea with tile Baltic.

11. More than 20 years ago, an English geologist, Smith, came to Londlon
with a collection of sliells, which hl laid before thie director of' tlie appropriate
department of' tllie British mIs('11111, wit tlcthr request that lie would Iprollo)llce
onil their valie a:nl import. "MIy dear sir," said tlie director, after a cursory
examination, "youv have been taken in bv some whale fisher; tilese are muscles
which have been picked Ill) on the shores of the Arctic ocean, but they are in
bad condition, weather-worni, and in part broken to pieces, and are at best only
fit to Ie thrown into the street." " I did not buv tle shells," replied Smith ; "'I
collected tlhemnmyself' from a stratnmili of arg'illaceous earth on thle banks of tlhe
Cl(he, in Scitlaind, where they irn an a'(ncient sea-beach." Nor was theri(Ie in
this any misreln'presenmtation ; there exists in Scotland a formation which contains
a comi;lete arctic t'fima of the class of shells ill question.

Since tlt time such researches have beetn mtiltiplied. In the while extent
of the Norflh American continent as hlw as New York. in England ati Scotland,
in Scandinaviaan'd Finlandl, and far to tile east amoItll thle wastes of' norithrn
lRussia, occur everywhere tlhe sane foimatiolns; banks of rounded stones,
(Schlluc'rslciw,) with superillncuniient cl:ay, ~marl lld,ad sad, contain tihe specific
mollusks of' the high Arctic seas, or such kindsias oinly attain their full iilen-l-
sioiHs in those waters, buit w\licli degenerate more olemore in size asthea y
approach a southern latitude; whence it is to Ibe inferred that their Trite hiolie
must. be soIught in the highiei(' regions of' tie north.

Quite recently Sars, of Christiania, has directed his special attention to the
shell banks, which occur in somutlhern Norway, and hlas, with his characteristic
sagacity and knowledge of the( distribution of individual species, combined tlihe
results of lhis observations. From tlhe collections of shells as well as from their
geological stratification, lie has been enabled to distinguish two diffHirent groups
of sliell deposits, of which one correslponds to tlie highest, advance of tlie; Arctic
sea, tlie other t the later epoch of its retreat. '1'o ttret'ner are related thlie
miionx elevated a('('il lations of' shells, wliicli reach a hleiight of more tlian 400
feet above tit( present level of tlhe sea, and tihe deposits oft loam which lie immlle-
diately aove the gravel and rounded stones, attaining at most a height of 240
feet above tlhe sea. These are thle lines of strand and tie mnorei( deep-lying deposits
of' the glacial sea at the period of its greatest extension. In these deposits of
thie sea, at its highest elevation, there are o11ind, according to M. Sars, either
species which occur only' in the north of Norwa\y, and oil similar glacial lilies of
coast, or else sn'll as,u'hien mettw'ithl ill South 'Norway, Englandalld Sco{tland,
evidently languish and contrive to subsist only under a dimniish'd formn; while
oni thle or'tll coast and in tile Arctic ocean, where tlie full conditions ,f their
existence are present, they attain tile size which they e-xhibiit in tlieg(,teoo,ical
strata. Here, then, thle highly northern fauna tlourished in its fullest dhveloplmenit,
and those species which'at present only reach their full size and comllplte organ-
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ization ill a lacial sea, maintained them atn that distant time ill one which
waslldl illiesouthern coasts of Norway. A further note-worthy fact results from
iheste '.searcllis of MI. Sars. 'I'llere exists oni tile northernlanl \western coasts
of N(lrw'\\ y a lieauttiful coral, which forins large rose-colored rl)aInlles., land which
iS (i11y ;iul(lnd ill tlhe rocky chasms of tlhe (ocean,l at the immense depth of 900
t,) 1,000 !eet. C. VOgt collected soim pieces of this coral (Lophelia prolife-ra)
(luringii all excIlsion to thile ilppertind glacier, where the poor Laplanders of the
cost, ill fishing for co, had probably brought it upifroIm the sea with their
anngles.

Th'lis coral likewise occurs in tlhe older shell-strata, but only in those beds which
lie almost immediately on tlhe beach of tho sea, or under its level at a depth of
flr'om 60 to 90 feet. Inl these old submarine banks of shells the stems of thl
ciral:are still adherent to tile rocks, lbut they are all dead, since tlle depthl of
water requisito for their life is wanting. These facts admit of anl easy explana-
tion. At tlhe time when tlese zoollhytes lived, the sea stood some 600 feet higher
thal: at lpres'ent, and, of course, there was the depth of water required for their
exist ei e.

Above tlleso older strata, with their testacea of tlie high nortll, lie now the
mIore recent shell-strata which ascend to a level of s-ome 300 feet, and corre-

spolld with tlie periodl of the retreat of tlie glacial ocean. Here tlie remains of
the sa:ilm shell-fish occur, which live at present. ontile south coast of Norway,
tholugi isolated species are also present, derived from the arctic fauna. Theli
arctic sl ('ies llad ill general withdrawn towardstle north as st)onL astile retreat

of tlie :1 comlllmenced(, wlile( theteplleratulle o(f tlhe sullsiding waters )ecaine
like that which now prevails along tlie coasts of Norway.

All tlhese results arefurther confirmed1b discoveries recently made in the
(lepltlis ,f tlie gtret Swedish lakes, tlile\Wettersee and( tie \Wellelrstee andt whichl:aveleendiescribledbly Lov(ni from his own observation. Ill etlfect, there have
](bee(her1eL(capttured specimens of eCrustacea, several species of which, thil(ough very
(liifr.liet fromil those now living ill tile se:a are clearly related tomarine forms;
'iLLIm' tlese a: species,l[lisis rclictfl ((-eisselkrebs,) whose congenlers live alto-
('etlier ill tlhe ocean, and tlose resinlliig,this newv variety Lonly ill themost
Imor;ll ril latitlides. Allother, of tile species Gf(lam)laltliS lori(iltis, which is,
tlius flar,1luid only ill tlhe Arctic ocean, ill Batlin's1):ay, (Greenillld, and Spitz-
1 cl.e l; tlieldothlta tentomon, (8chlalchtliwll ll,) whichl nly occ(;us i tile Arctic

:Il thie Baltic ; andsstill another, a sirall Puno oporcit(qfl is, which is still fonnd
ill tie Baltic, but whose related species1onlyoccurill tile(Green land seas. These
fingul'ar(discoveries siow cle11arly tliat tiLe;( nerse aild1 ettersee,tliet f1rmler
of' which has all elevation of :300 feet above tlie present plane oft(he Baltic,
wer(ei-firllerlly ill communication wittilegeneral ocean. Atthat tiie,therefore,these lakes were deeply fiords, colonized by a nmrin(ef.lina which altogether
resemlled tllhat of the polar ocean, andtile leriiod ot cIommuniciationluiilldollte(dlycIrresPOl)(nded with tile higher advance of tlie. glacial seas as indicated ill Nor-
way and Sweden. Thle sea subsided or the land wasIuplleaved ; tlie ilets
wer(emore and more letachedl, and finally altogether separated fionitile sea,

:111i have since slowly and gradually ieenfilled with fresh water; this change
Lavinig been eflecte(d apparently "IS well by sources inllthe lied of tlie lake as y tlhe

feiw triblitary streamllets. Now, few marine aniillials endure tile sudden transition
to blrackishl water, and fewer still, whentletlchange is very gradual, allow them-
selves to lie borne over into it. Tlhe colony (of the sea gradually died out,
leavingilltile depths only a few crustacea,which, as has been seen, correspond

ilMpart totile species oftile Baltic sea, and ill part totlose oftile Arctic ocean.
But there are other not less interesting colnlcisions to lie drawn from, these

fViw species existing ill the lakes oftile interior, as well as froi most of tlhe
species of fish now living intile Baltic. I generalthera e can ibe recognized a
close relationship with polar 'and arctic fornls, even\\whentile species are not tlhe
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same. In general, also, there is a diversity observalble as regards thlie species
living on the western side of Norway. Froi this, as well as from thle difliference
of the testacea, which are met with in the older deposits, Lovlln has very justly
inferred that thie basin of the Baltic was once connected with the Arctic ocean
by all arm stretclhinL eastwardly ox'v(r Lakes Ladhga and Onctga to tie White
sea, but was, (ol tle ,other almm!nd,selaated by a narrow strip o' lald or istiillus
f'rom the westerii ocean, with whicli it now comimilluic'ate:s through tlie sound.
This sel)paration must firsthave taken place when thlie glacial sea was oni the
retreat. 'estaccoull beds are: mIet withlln tlhe region of the eastern sea at~ an

elevation of' 130 feet, and these correspond inl soill species witl the arctic (:chlar-
acter. But, as Lovin properly remarks, the fortunes of the glacial fiuna of
the cast differed fom tliose of the same fiauna in the west. The basin of the
Baltic was lby degrees whlmly separated from the polar seas, and tile water, by
progr essive freshening and depres.-:sion, Ibecamc more and more unsulitable for
arctic life; while, at the west the seasi'rrm'oinding tile southern coasts o(f Nor-
way stood constantly xi openl cminectionl with the Arctic ocean, yet gradually
acquired during thIe retreat a lli!eprtemperattire, so that the nmIorthern fiuima was
driven thence, and was repllaced by southern forms. 'Illis slulstitutioil did not
take pllace ill tli Baltic. Thie openin-g of tile sound at a later period brought
into that basin no new species fronmi the western sea. T'lie Baltic basin, there-
fore, grew pIoor through thle deperdition(t'if Iniireplaced Species; wlile tIle western
sea't, by the accession of thIe aunia elhmging to warum'er waters, acquired new
affluence.

.Middle Eu'{rope also lias 1lad its glacial era. Oil1 Ioth sides of tlihe Alps, in
the V()osges aid thle Black lf(ircst, in tiwe !yvren(Ces and other great t Iimiuitain
rangers o'f E'uirope and lesser Asia, thle stonCe barriers and erratic lwhclks, tlie
rolled pebblels, tlie polished antid g(roloved roc's, which speak so plainly of' gla-
cier action, have beten Ilminlted out.

At tlie tiiimetof' tlme so-called reindeer epoch, anl advance of the glaciers took
place for thlie second time,alnd tliis in ctnseqtuniice tof a great inlutdtlatinm which
was slow in attaining its ultimate lilmiits. B1 tills incursion, most of tlie low-
lyviig tracts of, Eulmroie were laid under wat'r. IniMBeliimn, according to Dil)lipont,
tlie fioodIlilust have readcliid a 1mheig'ht of' 450 feet. '1'(o tills inludatitil are to)
be asc'rilbd tlie i'masses )of gravelly clay, or ('alcarcoils Imllud, which have covered
a pIrt of France aind Belgiuli.

IlThe cohlIl tdIuring' tliis liew overflow imust again have become intense, buit not
so f'ormlidable as during tle Tgreat glacial era. As nmost caverns were suibnmergied,
and imen weretl'icd to witltndrawi inlto lite more (levatted re'giomns, a ch:asmt pre-
sents itself' ill tli. p:le,-arcllIc(,lo,,ical dicuiimits of this period, whlichl, fromii tlie
indications we possess, embraced several thmlosaiid years. Glaciers are not suld-
denly nmeilted; valleys d( Imit som be1ccotme filled witli alluviuni reaching to a

heiglmt o,1' some hn111idreds of fect on Il eir side-walls; tracts of country andl
tinu mttaill cmllils cannot Iibe heaved, at a jerk~, as it were, into tlie air' and raised
highly above their )previous level. Processes )of this sir't requiree tile, n111mch time;
and it is only ly slow degrees tliat a state of' great ref'riigeration, even wiem its
causes have ceased is transinuted into,oe (of warlthiald comfinot.

After thie fihial retreat (of tlie waters, thie caves w(ioulld a:gain cmtne into tilhe
possession of m.iie, and inumerouIs and valt'uable liroots of huiiman indslttry be
'relpared, wrtich haveicein i'rese'rvii'edevlle to tile pre'sett time.
Hereo'( mminnnces the true reindcer era. TheI reinldeer, as tlie most chiarac-

teristic representatives of' tlie nu'thlerin ialula, , 1i:adbeyond a doubt, illinabited,
with tlie cave-hl 'ar and inallllmothl, tile south of' France. But it is at this period
that it first imiakes its appearance il great nlumibers. It now spread iln large
herds .as flu'ar as thle P]renees, leav'il,' no glroinids f'or' slupposing tlat it had been
introdiled Ivtn lman amid kept in ancient lolds. Oi tle( c(4itrary, it lived here in
its wild and naturally free condition. Thle last maiimotls:were vet alive, as
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were also the rhinoceros and theo great tiger. But the hyenas and the cave-
bears existed no] l(ger il inidile l lEurlope. An entire faunta (f't lie larger ani-
iials becomiies extinct, and man witnesses its disappearancel fiom wthe cartIh.
lThe anthrlopological fiacts which we possess inl regard to I'his far distant time

are of course not very numerous, but not thle less (lo they enable scienltc to gather
the gen(el-al characteristics of the Iutinnan race which lived at the reindeer era and
in tlie period of stone iimplenments which followed it. The stature f,1' that ralc
was small and the liead round, (braciycepialo.us,) tile face broad and.square, the
liair black.* The skull was ,usually thicker than with men oft tliepresentet day.
Nor is there anything w]hiclh anlnoiunces that thie people of tlie reiildeer. era were
paIrticul'arly intellectual. From negative proofs it lnmay le iliferred tlhat inall at
that remote period believed in another life, 1)uit there is nothing on which we can
fouiid an inquiry as to forms of worship. We find no figures or symbols which
poiit to a veneration of idols. There has, indeed, been discovered a rude figure
of a wol'ian, carved oin an clelhant's tooth, blit tihe idolatrous destiiiatioll of this
relic is not generally recognized. ]iut while lio religious idea can, well bo
attached to it, it aIl)lrds a proof that aii advance hladhlee.imai,de ill art, which we
cannot but consider highly creditable for this dawn of its development. The
3Marquis do Vibrayc, to whoil we owe this discovery, remarks:
Thle ImILn of thu earliest ae makes himself knowthrough his works; lie c ects himself

throiighli his relies with tlie extinct animals; and finally beconews thel revaler o)fliiis ownl
existecIee by bequeathing Its t represenltationl of his corporeal figure.

Besides this rude female image, there is also a naked humn:n filIIre, which
seems to bear a staff oii tlte slhoiiulder, thlt his come down to its on a piece,,f
reindeer's horn. Thie menagreness of tie halunchels and thighs, t lie promilinent
belly, somicwliat reminds us of thiat type of Australian savages which we have
learned to recognize fromfrequentt representations by travelers, as fo,,' instance,
from the atlas annexed to the voyage of l)uiniit d'Urvillc. 'T'he lead is
deliinea'ted only 1by a circular line. Accomnpalnying this figure are two horses'
heads,I(li e neck of one horse being partial, veiled 1)y t!,e Iiimanoli,brimi,wl hichI
aga:ini is closely fo allowed by what is apparentlyiilltended to relU'eseit a reptil do'
('oiiiiderable length, perhaps a serpent but, jiud"illg from the shapl I'of tlie iead,
body, and tail, witli some traces of fiils,mire probably a hularge c trailed along
by the personi ill advance.

''o theli11111a f si qi estilon is lillited tile piersonal reprei.senionllin which
hass'o flr' descenldedc tolus, (f1'tie race 'ofneil living' at tlie period),1 tIlheir exe((',-
tinll, and it mayv well bie supposed th'at they aflotdl imnpelrfecti'grumiils for 1etill-
lh'icm'l dleduictio)is. Yet,rude.a:s tlihey a:me, they (f) nmot wa;it a c'rlain interest,
ariing from tle consideration that iiiellpesentlit g lite imialli form(l'it.irlv 11u1111',
they iiavy, perhaps, indicatedthat siIl was the habitual conditiilou f hail 'mlii1ieit,
lp huat ion, an intference which ie Cli ii oft tlCe southiofFlnrale, at least inl
slllmmer, would render credible.

T''he discmo'verv at Aurignaiic hlas already initiated us ilt(o li(heburial rites of t lie
,1,llest kiltiwniperiod (o oit riac, Inr hiad tlie Iman t tlie() rein'r ag''c'lanilged,
tlie ceremonial which tradition lIad IuInlded dowil to him. 'l'leg.'roit!o of' Frolnital
at Fuirfiz, in thlie neighlborlhood o l)Dimant, disclosed very nea:trly tlIe s:ali.e peciU-
liarities satIi(e Sep4111cliral cavern of' Aurignmac. The] remains (f' thirteii(l h1man
boidies, thrown oleILpoii anotherbiy tie floodls iof tlhe diluIvial erat, have' 1it, cre
,liscvered, at a depthI f.3 1 feet !under ti.e griave(l,anid at lan ele.vationi'('J3)
fiet. The(.entrance of the grotto hlad been )rig4ially closeld with a flat stlme,
but (hiis barrier liIas been destriyed I)vy t lie ii, iptive waters. Two skulls only
remain, entire as; yet, II()w(evvIr, tli4 colcu.]sions to which these ci ml'iouisIr(lics(if'

"This roiulnd-hieaded race disapparetil inll great part alter tlhe immiii ratirni of tin' Aryscheii
ranice (dllichiloeplialotus or oval.heiad'd) from Asia, but it has niot wholly iperisheld. Acorld-
iig to Nicolucci, it is still lbund in Illungary (tile Magyars,) in Liguria, inll tihe country of
thi: Basqus, in Finland, Laplatnd, &c.
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thlet lltidelllivi;il era IItv con(lduct 1us, have not leeiC discussed. According to
IIeneh'I .a'dIII l)I ti(it, t lirc' is a great diflt'il.c(i beI weell tile two relinitliliir
skullls: tli(' .i'le is w.rtlhogliatlhoIs, that is to) say, wiit liI teeth land1 n1 si f tihe
cliill i a ril! it le, while lie otherr is lprlin.ml tlios, having the jaw\silnd teeth
it.ietlilli; still tite later is said to lhave a higher fiorelead, and tihe cavity of
thlie skill aitreat(er capacityv. To'getl.er with tlie::C remains was Ftoundall uni
which, ii1111iiri'iiatelv, is II'roken to pieces. Il tis we hitave the oldest extant
sipeci:ivie. ofI' v!iye tiant art of lpotterv. This bilrial vault contains, bIesides
tlel('aove ilijects, instruments of stolle, ian awl and needle of Ione,1 an arrow point
land al arliculation( oft, l foot, which has evidelhtly beell wroll.!t into so(,i( instru.
Ienlit. Thus it aIppears thatt ofi reindeer period, like tl H(ose of the
age of tlie cave-bIear, were aiceustoliied to depolesit with their (dead o(!jects of
iniduistrv ami o(lrim;11ent, whichli tlie de.('(ceased lial (louibtl(.ss )een intilethalit of
Isitrig. As re(gards thle bones o fox(.es. goats, and wihldlb.oars, which are also
present, it is iceurtaill whether it(hey have bieell i)ornie hlither by floods or are lthe
r'Iemaislls o oftferinI.s which as at Ai'nrii*ae, have been set apa:lrt for tlme dl(eceased.
It tlie wi(l' space hI;before this cav(erniIuis sepulchre have' bieenfoi'.ld ! tilmerouls
imlements ol' stoine and rein' ileer's horn, , 'lld moreover, traces of a hearth, which
probablyy ilidicates that a luiieniral least 1ad( been hield at tlie entlralce of tli

''The p)eiople (if tlhe, reindeer era were inot ac(puainted with huslb)andlry, and nss
little withi(lie (doll(,sticatliot( of ainimals.* No inistruiients foir isti int, havebeen
recoI(gilized. 11f tlie wieapoll(s of ilieai'( were .i-till iimiperfecl.,they answered all
necessary pI!iiirpoises, folr we have already iad occasion to notice tile skill with
which !barbat'ro iis i'aces of Illen contrive, within but rtlde instruiillents, to sIlav thie
swiftest and fierces.t ani.ials.

'!'hei.east s which lived cotellmporalleouisly with man were, at thits period,
besides thereiidhier, which !lad now attained its widest distribution through
iiiddl,e ie tiefollowi ng:thlie alurchis (jison ('url'u.'s,) tlie iorse, which
Ihas imiroperlv Ibeen rewarded as differing fro tht of the reset that. of pri-
Ileval ox ( Ui'rus pr'imlcnitus,) the iiiiisk-ox (lies moscltiths,) tit( d(leer with
co(llossal amitlers ( ]cfuitc'ros hibewrnicus,) tihe elk (Ce'rru's alsc,) tlie roe-buck
(Cti t'uis tlllul.) tildewild gioat, thle chamois, thel wild boar, which was either rare
oIr its fleslh inot e:atee, thie glutton t(lie Ibeavert, lie~niing, atlspec.ies of hare, (Luqgo.
my,) aind the I.iarili(It. Ainoiig' birds, we may mentionl tile great aiik, thle f:eath
cc(k, the1111nor-lhei, tlie siiowv owl, &c. It affords an argmiienit lfor tile preva-
lenice iof a .'r(.at degree of c(ohl ill (ot' regi(ion at tle tilne in q(uiestion, that tlhe
greater pal of(t lit(e a'iimals just cited( live almost generally at the present day inll
lig li ortllerni latitudies, o(r on tlie snow-co(veIred peakst of tlie Pyrentee(s andil Alps.
T'li!e ilisk-,ix (lescends iil Amtierica only to tIle parallel of (i0t°, aimdlablituall
ireiients lie!iiiit s of perpetuial siot)w.

In this reii(erel period, thle tuse(i ' iiietals was unknown. 3Mankindi continued
to avail t!iemisel'ves of stole for thle icoinstictionm of 't heirimplemenits, t.hougli,
together withIit his, tt(hey\occsiolallyileplhoyed boe,one ,L i),and ivory. 'I'lhere is
evidence tbait tliet( commiierce of menl at. this time already extended to considerable
distances.. hepop)()ulationiof B'elhgiuii, for instance, sought for silex in COhain-
pagile, which they might have foliund still ineare,'in tile vicinity of Maestricht
ald ii l1ainailt. Fromi this it nmay proliably lie, inferred that, in certain direc-
tions, c(iiuiiinilicatioi was attended witlh much diticilhy. Bridges an(l artificial
roads Ihere were none, iior is there anything to show that resort was then had to

"A Ifragmiient of it reindeer's skull, which still contained the arrow-heiad of stone with which
the aniimal was slain, shows that thio reindeur was hunted as it beast of heliase. It has also
ben observed thit their, cartilage was still attached to bones which have been thrown away
by man al'ti.r tihe extraction of the iimirrow, and( that tie edgo.i of the fractures thereby occa-
si.nted are still sharp, which would uo' be the case if tihe dog had been at that time a domnes-
ticauted animal.
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boats for the passage of water-courses. Unwieldy rafts were seemingly tile only
(means of conveyance when inundation or other exigencies stimulated tlle earliest
attIemplts at navigation. To travel in unknown regions, standing tlick witli
woods, where no trace marked out the way, was itself a circlumstanlce well calcl-
latid to repress adventure; yet not the less did these Belgians hol( comlmunica-
tion wit what is now known as Touraine, a fact whicl is satisfactorily proved
to us lv (discoveries made in tlie cavern of Chaleux.

Iiii;imia food was chiefly animal; tile horse and reindeer furnished its principal
staple. But tile bison, tioe great ox, tile goat, tlie chamois, were also eaten, and
even the. rhinoceros, when lie could le mastered. Thle marrow and brain of
nlmimals were coveted as luxuries b1y ia race, which did not, however, disdain tlio
:water rat, if the claso hadl been rewarded by nothingmore acceptable. In tile

cave f Chaleux, Dupolnt folndl in tile vicinity of tile hearth mIore tlan 20 pounds
weight of }bones of tile above animals, some of which ladl evidently tundergone
theaction of fire. Yet, as tlie organization of tlie human frame is slhown, even
1iy its dental system, rather more adapted to a diet of fruits tlian of flesh, it may
readily lbe supposed that this primitive people laid tile forest tndler contribution
for something more than its conitlCngent of animals. Acorns anid chestnuts at least
tItist have entered into their dietary wit tile horse and reindeer, and while it
would be vain to challenge any proof of tils, it must b1 considered that such
articles could not fail totally to disappear in tile lapse of so many ages. It would
le difllicilt, in tile midst of our civilization, to form it conception of the uncleanly
cIstoms of this reindeer epoch, andl, indeed, even of times still later. Til bones
left from their meals were carelessly thrown into tlhe corners of tile cave, filling
it, of coluse, with pltrescent nmiasmnas. To find at present all analogofis condition
of things, we must go to the Esquimaux, who live towards tlhe north pole. Like
tlhe latter, the people of whom we have been treating cared little ftr tile accunu-
l;ltin of filth in their habitations, but here, at least, tile winds hlnad free access,
alldl woull, to some extent, expel tile gases of decaying animal remains.

All caves ill Belgium, Prance, England, &c., whliclh were easily accessible,
andl provided with a sutlicient opening, were inhabited. In tio middle was tile
hearth, paved with sandstone or slate, and around this tile family gathered during
the season of intense cold. There were caves also, which being too much exposed
to tlhe weather, served only as a dwelling in summer. Such occur in the south
of France, and are destitute of any traces of a hearth, though otherwise afi'ordinlthe clearest evidence of having been inhabited 1))by men. Are we justified in
concluding from this, its Professor Owen has done in regard to tlhe inhabitants
of the cave of Bniniqnel, that mankind in tle reindeer era devouredl tioe flesh of
anilials raw ? It is not, liowevcr, in caves alone tlat we find traces of tlie habi-
tatiIo of men. Numerous dwelling-places lave been recognized, especially in
P'erigord, which were established under tile open sky, in tile neighborhood of
water-courses, and sheltered b1y a sloping bank or overhanging rock. lere have
been detected layers of ashes, bones which have been crushed, weapons, imple-
Ilents, and even tile crude essays of a primitive art.
For clotlhing, at this era, man llad recours to the skins of animals. That

these were stripped off for tlis purposethere is, singularlly enoutlgh, adequate cvidlenco
still ill existence. Incisions made in certain bolles, and particularly il tile skulls
ot' reindeers close to the antlers, can only be supposed to have proceeded
from tile act of flaying. Numerous instrlumenlts everywhere collected, and whicli
could have served for nothing else but scraping, show tlat tile hair was in somoe
cases removed from tile skin. Means were probably known for making the hide
pliable, so that it might servo for clothing in summer, while for winter vestuOr
tlhe fur would bo preserved. We can of course know nothing as to tlhe fashion
in wlhich tlle man of the reindeer ago shaped this clotlling, but we are at least
certain that sewing was employed in preparing it. Bodkins or awls for making
holes in the hides are not of rare occurrence, and needles furnished with an eyo

23 s
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testify plainly enougll to the practice of sewing. We know also that for thread
tile sinews,i' ruminating animals, especially tlhe reindeer, were emlloed. T'i
long shlanllk-ltnes of these beasts often present a transverse incision, just at tthe
point where the lower end of tile great tendon is inserted.

It IIay appear somewhat surprising that a taste for1 personal adornment should
lhaveillsinuat(ed itself among tie hard lnecessities of suchl a state of existence;
yet suacl : taste there was, if of a very ithumble description. BraceletsLand, n1eck-
lalces weire then worn, sometimes couiposed of strings of shells, as well of fossil
as still sin'viving species, sometimes of the teeth of diftlrent animals. The
ivory-like p):rt of thle ear-bone of tile horse is also found pierced, pro)l,:)ly with
ia view to being worn on tle neck. Th'lle canine teethl of the greater carnivori
(tiger, woli lynx) were often pierced for the same i)urpose. On the tooth of a
bear has even been found tlhe carved representattion of a bird's lead. In fine,
fromn the olul dwelling sites of this period have been gathered pieces of fllor-spa)r,
jet, silex, and copper ore, all alike perforated in the centre, besides other objects
which have a semblancel of having served as amulets. ''lie cave of Challeix,
near Dilnat, in Westphialia, has furnished 54 shells of fossil testacea, which it
is clear can only have ,been l)brought from Champ)agne, where it is l)robal)le they
were picked uip bly the ancient Belgians when they resorted thither o;,r silex.
Most of tlese shells have tile central perforaLtion, wiich denotes their destinattion
for the toilet; no very costly ornamentation, it is true, but somethlilg foreign and
exclusive, and not to be obtained by everybody.
The weapons and implements were in thle reindeer period of an improved con-

struction when compared will tlose of tile ago of the cave-b)ears. The weapons
consisted of lances and javelins, but the stone points of tles eeweremre finely
cut. Thle arrow-head of stone, without barlbs, was not discarded, )ibt a l)'efirellce
was given to arrows nmade from bone, or tlhe horn of tile stag and reindeer, and
elaborated witl more art and dligence than those of stone. Some of these Ihave
been found, which are furnished with l)arbs on 1)oth sides, and specimens occur
in which thle tIarbs are hollowed out, as if for reception of a poisonous substance.
Tle number of barbs is from four to six, ranged alternately on either side.
Lartet hias discovered in Perigordl a dagger of reindeer's horn, on tlhe hilt of
whicll is to 1)e seen the rudely carved image of a reindeer. IThe points of arrows
and lances tlhus furnished with barbs may have served alike for the chase atnd for
fishing. We know that in the hands of tlhe South Sea islanders aned tlie Esqui-
inmax these 1)arbled points, however clumsy they may seem, are no desIpiciable
weapons on land or in water.

Very numerous are tlhe utensils and implements found in tihe caves and at
other primeval dwelling sites of Perigord and Belgium. First among them mIay
b) mentioned small saws, being plates of flint, dexterously notched or deiltated
along tle edge. This instrument was used to divide the antlers of the reindeer,
a circular incision being made with it in tile horn, which was then broken.
Knives or blades of flint, generally small ones, aro everywhere plentiful, as are
also impllements for scraping. The stone hatchets, on the other hand, have
almost disappeared. A block of quartz has been found, which probably served
as an anvil, for it still bears the trace of blows with tlhe haI mer. Aiongl objects
prepared from other substances we distinguish awls of bone and needles of Ilone,lorn and ivory. Both instruments have been found in differentt places. There
are, besides, instruments for smoothing, such as arc in use among the Esquiimaux
to press tlhe seams of the skins worn for clothing. Spoons of bone or horn also
occur, set off with a certain primitive ornamentation, and used prol)bally to extract
the marrow frombones. We find, f'uther, hunting whistles pierced with a rounl1d
hole, and formed from the first joint of a deer's foot; also knucklc-bones, lised,
usn1ow, in sports and gaines, together with many other objects, whose purpose
has not been determined.
Among tile stone instruments particularly worthy of note are tho augers or
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gimlets lwhjich were Cemplloyed to l)bre larger or smaller holes iln bone or horn.
When teeth anld bIones were first fodlll(l, nlowM' preselltilln Iedlels pierced with a
smalI)l ('ye, anid again coltaining Ihole asauIS'ca anl inch iln diameter, aind these
ulliteroutlld and thoroughly l)'erforated(, exl)lorers attempCted to l)produce similar

Il'es w\itli tle slstoe lst impiulileents; bult illn vain: tile points sllilntre(dl, ailid
11n sl'uh l)ole could be w\roughllt. ere were English ilh )Isophe(s who asserted,
S(.ec('ialIl in view of these failures, that perforatimols of this slrt coull lnot bo

110101de witlihout metal. Now, I. I.artct lhas discovered certaiill imlellients of
flint, large as well as small, whose points, instead of leing made sharp, aroe
r,,nighilv cut, so as to tform angles not unlike those of a crystal. It occurred to)
Ijim that these had served for drilling tlie holes ill (nlestionl. lie therielore fixed
one of tllese pieces ill tlie Cleft Iof a1 stick split for tile lllurpose, :1and (ldilt of
turning it bletweell both hiandls to andl firo, foutl(nd tlt it Ierll;medll tile work of
borinllg with great success. Tle coimmullicatioll tf' tilis Itct las satisfied sceplticism1
ais to, tie destinti on of' tliese inlstrm'lnts, which are found in colsidertable quall-
tities anld of different sizes.
At Tayac and Eizies have been found pieces of quartz, either round or quad-

rangular, which have been liollowed out ili temile . . (t \Vilbraye con-
jectures that they were used for grinding, grain, but most (of them are too small to
have served for this purpose. M. Lartet is of opinion that they were midle use
of ill killidinlg dry woodl by rapid attrition.

T'he people of the reindeer era manufactured by handle, and without tle help
of tieilotterCs wheel, a sort of rIude earthenware of a black, gray, and yellow
color, tll tinged more or less with red. The claywas com only mixed with
q(uartzose sand, the better to withstand tile action of fire. A circular mal'k
formed tlhe sole ornament. 'These iimlcerfectly baked vessels, of which only
fi'agmients have b1een found, are not, however, the oldest specimens of the fictilo
art in existence. Traces of it have already been discovered ill three grottoes of
the age of tihe cave-bears. Ii the earliest times man would feel the necessity
of providing a supply of water in his cavernous dwelling. A cavity in a mass
of clay would be tli receptacle of the water brought in skills fioom the brook,'1' render the utensil lighter, superfluous parts would 1b removed, and it would
lie dried in the sinl in order to harden it. Still later, man learned to mould rudo
vessels, whichll e exposed to tlhe heat of the hearth to procure a degree of hard-
ness greater than that produced by the sun's rays. Such wore thlel mbleblegin-
nings of an art whose finished performances surprise and delight us in the fabrics
of l)resden aind Sevres.

III. It is now known tlat tlie lppunlations of the reindeer era were not wholly
destitute of a certain plastic culture and of the art of delineation. If the forms
of most of time instruments of horn which have been found are suscep)tible of
expllanatioin from tile necessities of common life, and fiom the instruments which
have been, used at later periods, such is not tile case with a class of objects
whose signification and use had not heretofore been unriddled. These consist
for tile most part of thlo entire stem of a reincder's antler, frequently with one or
more progs, especially that nl the root, always smoothly polished, and at
times charged with a simple linear ornamentation. IBut in tlie generality of
cases these stems, more thlan a foot in length, are furnished with holes, which
to tile numrbelr sometimes of four, are seen raged one after tle other, while
the whole length of the stem is ornamented with curiously carved lines and
firgres, among which horses alnd reindeers are particularly numerous. In the
International Exposition of 1861, among the objects sent by the savages of
Vancouver, figured just susuch taff; polished andl bearing engraved lines; pro-
bably an ensign of command or rank. Might we not assign to the ancient staff
tile sanm signification, and consider the holes and figures as bearing, in their
number and size, some relation to the circumstances of the owners
We have thus arrived at tho most striking bf these relics of a remote antiquity,
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for from no otlier source l)robablly can wve (lereiv such distinct ideas of the life
and Ihabits of tile reindeer llunters of southern France as from the remarkable
representations of tho animal world whiicih we fin(l engraved chiefly on these
remnants of reindeer horn, but sometimes :1lsI (on pieces of ,,bone, ivory, or slate.
Thlus far, indeed, and until further indications otier themselves, we must ascribe
the practice of this primiitive art solely to tlhe populationn wlio, within at circlni-
scribed space, ilinhaited l)or'dogne. 'The representation of real objects for the
prlpose*of ornament is, in tilis case, tile mllore lemllarkable, inasimlch as in far
later times, those namely of tlie l)ile-constructilons of Switzerlanl and the stone(
ager(ft)enmark, no trace of sulich an application of art is to be lmet with; on
tlie otilher hand, however, indicative in form of a certain decree of taste, the orna-
lnenitatioil tf these later ges is altogethiciconfined t, a c'mill:natiollf differtit
lines, of anles, circles, zigzas, &c., and( never consists in ani imlitatiol of either
animals or plants. We should certainly have obtained a much clearer kn. \wl-
edge of tlie social condition of meni in the tilino of tile pile-strluctcies if we I)s-
sessed in reference thereto rel)resentations similar to thlise which tile reinller
caves of)Dorldognie have suilplie(l; for if tlhcse convey t, a certain extent illus-
trations of tlho hunter ant filer life, the pile-builders, liad their art taken the
same direction, woldoub(loibtless have bequeathed to us images, carved1 p1),o"
horn tr' othlr material, illustrative of their hus1,Ianv allnd (domllestic industry.
This(ldi.lerence can l)erhaps only be accounted for through tihe original genius ;of
the races, as it can hardly be sul)l)osed that inl the narrow district of Pe'rilgod a

particular population sliolild have flourished, together with tlie whole l)northern
fauna, as it were upon an island, an'd only at a later period( attained tilat higher
degree of art which distinguished it; and the less, as cotemil)lrary; deposits fromll
other caves show nothing of thle sort. Thus tile lmuselmll in (lenieva contains a

truncheoni of horn from al grotto att Sal6ve, which mlar'ks tlte, eastern I)oint of tlhe
rein(leer caves; and tills instrument, while it is l ored thr tileh end, alnd the
general workllmanship is the same as in Perigordi , nowhere exhibits tny other
than tile common linear ornamentation of tlie period.

It is a fact worthy of note that in all tile figures yet found, no plants, but
only animals, are relplesented. 'lhis circumstance may not he without its signi-
ficance in the absence of all proofs of a vegetable diet on the part of these hunits-
men of tile reindeer era. Yet it is to i)e observed that this defect of vegetable
forms plainly harmonizes witil a certain vivid feeling of tile artists for the relre-
sentation of movement. Animals stationary or in repose are extremely rare.
etcinlders, as well ns other animals of tieo deer species, are shown in ral)i( flight,
as testified by tlhe head bowed back upon the neck, tlhe outstretched legs, somie-
tinms by tile galling mouth and panting nostrils; at other tines they are repre-
sented in the act of sp)ringing, with tle fore legs bent back beneath tile body,
the hinder legs stretched stifiy out behind. The climax of this infant artsreeims
to have been reached on a sheet of slate in the possession of the Mar(quis of
Vibrayc, which is plainly intended to represent a group of figllting reindeers.
One of these struggles while lying on its back witl its legs in the air; another
draws itself together as in the act of onset; a third, with head sunk ldown, lhas
evidently just overthrown tile first.

Assuredly wo do not mean to claim for these delineations anything like uni-
form merit, or an exact appreciation of characteristic peculiarities; the lirll'es
present sometimes but a stiff and wooden appearance, and wo are even left il
doubt whether we have before us an ox, a horse, or a reindeer. It is, however,
but just to say that such enigmatical figures are fragmentary only, and we should
doubtlessly recognize tliem more readily if the picture had remained entire. Most
of the figures, on the other land, evince no mean facility of the artist in seizing
on distinctive traits, so as to enable us at the first glance to determine tIle species;
though, of course, there can lb no question here of finished execution, but merely
of a successful rendering of the most essential details; the characteristic outline
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conveyed in a few simple strokes. The reindeer, horse, bison, steinl)ock, ele-
pihant, are not to he mistaken, anld even, tlhe p1ectl'ar nmodle ofi) noveoinent each
of thelse ani meals is rend!eredl withi, great trnttli. In these cases a certain fireedom
oif (.xe(.(tiotn is often exhibited which ,co,,ll only have beenl aciilire( l by,ll clli
pl)ractice. N)ow, it is precisely this freedtlonl in tlie representation ofo,tltion whlichl
im:s inspiredl many with (!o)ul)t as reards the alithlenticitv of these relics; it indi-
r.i's, theyarVgue, anatlvtlne. ,staIe ()fi art,l n()g(iioservattioll, an,1il r'severi'inprli'tic('i of the eve and hand, to render such representation possible, anti if th
laints andtLi mnallolnas of th(e first Chr[istiants are commonlltI still' and cluinmsy, cer-

t:i lllV th prilucts of l)rliistoric art Inlst.iem expected to betrav tlis character.
Adllmittin..these views to be soniewhal:t plaullsibl, wCe maty et venltille toopp,-lse
toi thllem the fact that tihe earliest t attempts of (reek sculpturee re particlllarlydistinlluiLsllted bvy tile characteristice concepl)tion ifmotion; that in thle group, of
tlitl, .''e inetes, for instance, tle lo IoveC lentst )f tIe figues it, battle are rel iidered
with .great filicity, while thle expression of tle f.aces is wholly slighted. I t is
altoetillter tliesattlo in tlie present instance. 'The art f tlie reindeer period I ad
adlvalce so fair as to 'be capabll)e of manufailc tu inlg a stone dagger whose hlilt
i !resents a reiiindeer in t lie a,'t ft spri lgi ng; the hlorunsani ext,'remities are eredit-
allv executed, andl the lovivllent is perfectly relreseintel; 1bit the skill of tho
artistiais failed(iin giving allt expression of reality to miutiter features.

It may I e regarlde ascharacteristic also tthatthese presentations, where they
Occur on( fral';llenlts of s)lome size, always place before is ai nutlmber )f anitmIals of
lie same Species, and disp)se(d in suclh a manner as is ut,,,ial when they move in
herds, bPeing sometimes wide apart, anil sometimes Uo closely crowded that thio
bod)V of' ont( covers more o)r less that of another. Since attention was paid to
this ritle of representation, it has beei observed that, )on thie ,'celebrated iiaititmioth
piece thereafter to e noticed, there are certain strokes which, 1)esid(esth:ie princi-
pal atlimal1, indicate two oIthers oftIi e same species.

If' tliese representations are ill themselves higly worthy of iouri attentiont as

art-pro(uldetions of tile earliest tithes, they atire even MorN, sto in reference to) tlhe
oh j(cts repl)resented, for these(.: alt'rd(r us a criterion Of mtlit ethodls of inquiry here-
tolore followed in regard to tile annimnal bones which have been (exlhllmed1 fromn tito
caves. 'To inany, wvlio want contfilence in tlie rigorotls proicedutres o)f 'colil para-
tive anatomyv, it. may perhaps have se(ined lpresumptiltous thliat a savantt, having
before himn only a joint of tile foot, tlie end( of a I.hone or a tooth, shouldti pro-
Inomlic alithoritatively that here a reindeer and ittt a hart, that there'a bi.soi and
unot a common ox, has existed ; but when, as now, a verification is aflorlded byv an
exihibition of tihe entire animal fiorm in its scullptulied representatives, wheln it
results from this that lie who carve(i it on thie horn must have known tlie animal,
and accurately known it, in orler to portray it in its proper shape, all dIoubt IlUSt
vanish. 'Tlio bones of tlhe reindeer and bIison could iit lhave )een waslihed hither
in a dleuge from the far north and deposited inll tlie soithterni caverni, as has been
pretended ; the animal must there have lived in its flesh anii bloo(! wlel e to-day
we find its bones and its sculpl)tlred figure. Let uits see what were the species
known at present to lhavo been thus represented.
Among those tihe reindeer is by far the most frequent, whiile its antlers htavo

in greatlypart ftilrnished the material oni which thle representation is ca'rvedl. Tho
form of the head and horns and the hair of the neck (leave no doubt inl the deter-
inination of the species. Tihe stag, which occurs imore seldom, admits of easy
discrimination. Next follows tle loiorse, evi(ldently (of a race with short, thick
lead, short neck, compact body, strikingly similar to thle northern race of our
ownii times. lie that has once seen thle Iceland horse, as it roamnis at large in its
native island, will hero instantly recognize thlie original pattern.

()On the piece ol which is represented the man with horses and an eel, we see
on tle other side two leads of' bisons, which arc perfectly characterized by the
profile of the forehead, tlhe insertion and curvature of the short horns, and the
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!pr,,flse, c'lii.<ivty o-I' tlt.nc'k andl Iead. 'The(' bisoin or a'rochstherefore'ln] i.'.ld
(.here ci clllcia llil ,~ip lIhnan, tl(.hoi'rSc, aLId tile reind.eer. Ano(, hcr liur:.,
which ,int',)rtlinlaf,'lv i.s mutilated, Imt is distinglli-ished Iv tldw filleness (f its hI.ir.
sec('' ll> to, ,oiti (,1a: tllh r (i,' th(i bovilte species tlit'eriin. 1'rin> tl' Ibison;llnor is
this ;IIIatt'l it -IrlIrI .I Si tlotlhe teoiiilll v ot th il'es is to tile salllt t'ect.

At)n anil )f ltil' ot't'lt)l k'itl p('tiiltobatitbil of'tlit'c (st diiofki o itw anti ,wais.le nin

dk wI tI IIsIiI ti ll t ki'eh II:' II )r') li\tI lIy tI lt i l t 'l'I tl)I i I It w II 'ti i i'('CtwI ' i t tlt'I

o,:ll~·c~lther l~'i~i'so ho~rnedr\zandi --raminvllkros species ti be ackOillcd-co to) Ie
'l'iic itifillt , it 'Cl dist inct icss.
'i'li O,'tremarkablev(Irelic, tshoweve.r, is t ilerepresentation of thie!primeval'

eleiiant, a real taeltlsthi,i ia plate (df ivo, which foli',ed pairt (,f atii lkol f
itlll'.e il'lciio:s.I lli t av,1i5'iill, M.t Lart(, ,iiopiti(,,with'ithDlr. "Falhoe('rtlald

V(.Jrn uil, lt),i well-ktotVic l' at1lralists, calshed excavatiols to) be a ei t l:il thil
itrallll ofitilit.ctaveril I, tl(ie Madel ain .e "At til gmomento'I'ritl'arrival,"stt:s
Lartet, " tlie la,,ow ersadisinterred liv(.e frat.lmlt of ia ratiter tlhickplate of ivhry,
wIicl tl ste lave(,ii- Il dvtacl hed,t,at.se hiclr,I'1roia lt ''.' tusk. Afterhl avi n

litted tlhe pieces bo eter ccllt( tei ltnlldif'g(e iles, I'i >i telldo,ut to ud. Fal-
('on r int i.rci,'ssc'i r tchel ts and litles smwlllh'llat deeply n taeic',wilth, ll -

catioa , con lstittIe anti all alil ll li cniirc.lThe l)racticed evte (o thel distin, uiSht d
pale Itol ogi st, I,.tte rv'cr-eli thaIas yn11 else ict l'esI oI elep IanIineaIIi-
Ials ait celrei ized tirellhead ,f a l.pha) ntl. Hel then directlyed, our atti n-

tion to(la e other )artstl ' tlio body,atio despecially to cel tai th, l 't 'el inesilltcc
retgi i,i' th clnck, d llnotil g thecharacterist 'icI Laneof'thllllma m thllo elepIhant

mcllmber i, l'ill, tilcadellvyof St. Pete rsb r.e., ill the ('carCass of sicli ai eleplhant,
fo tn1d u 'ielclddolt,ill ic n a r ifthe tl iltlli t'lttile LIena. A lunch of its hair is still
to e sie ln tet.Iol('iOl icitl ca lctio l(lf tile iGarden ofPl plants at 'Paris.

i 1b'avye slhowle tieo eli('ce in qlucstion to compelitent 'Lobservers,suncat Milne
E'.dwar{s, dC Q(ntatreaCl.'ces, D]tsnoyers L. cri.r, and F"ranks, director ,' thle
mLondt Anti(ll arian (Ot election; andotlro latter las, !byiallslliS of' tile pencil,

tle existence i,' ,,a att tresaeie timeewiti ltie ammoth and tile other laro
graminlivoro-ms and c('arlivor(ots beIasts which, accordiinlg to the gvolf1gists, livcd
in the.first section of' the (liatern.ary period. The truth of this historical fact
results from so Iman, Concurrent observations and t'fron material facts o' such plain
import,tlhal seventioeofist prejudiced cannotfatiltco recostl ize its entire validity,
tie ert hey ill p iets ofimitthelvs to arteand eewin foull uinryctonsc bntilss."

'Flhe elephant, thickly clad with hair ol the neck, forelhead, mid breast, is seen
in profile and at its full length in the act of striding forward. At. first it was
not rightly known what was to be made of a tuft of' hair a{nd certain marks which are
seen to the left ill advance of tho line which forms thle profile of tli forehead.
lRepeated and closer s;crtiny of tile fragmentshas enabled us, in tie end, to

recognize therein tile eye, the outline of the forehead, together with the proboscis
of a second elephant, which is advancing close by the side of tlie first. Some
lines on the leg would lead us to conjecture a third elephant, which followed on

the part of tile plate which is broken off. The drawing of' the figures is exe-
cuted witl a 'free and bold hand and thle characteristic mnovement of' tile elephant,
which raises sililltaneouisly tieolegs of' tim same side, is well preserved.

Another memorial of thle art of this ancient epoch is an elephant's head carved
on a reindeer's liorn, .whichwas also discovered in Perigord by tlie Marquis do
Vibraye. These two relics are the more interesting as 'iii'nishint-g the proof that
mani actually existed as the contemporary of the mammoth or gigantic elephant, a

fact which hlas been so often and so obstinately contested. But since the locali-
ties where theo objectsof primitive art have been found unquestionably belong
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to the reinde,.r period, it is coIcluisively shown that some c !thl lmamollinth species
suli'ViVed. to that tilne.

It is rather remarkablle that as yet onlly' a single delineation has 1een found
which caniibe initerprelted as relating t) tlo bel)ar, ,being the head of that animal,
while the r-est of the carnivora are whollyImrepresented. That rlpr',sentationsf' tIti unavidabtle str'uggles of mall with these animals shild nt1 ve been
left 1I, ii!nd is scarrcelyto beibeliev-ed, especially when their teetli, pierced with
holdes anld diestined lo);r suspension as tlophics, 1,,earlnequivocal testimnv to, such
enc"unters. Birds and reptiles have not hitherto been fottnId repre'seintt.d. 1Fish,
oIl thi otl(e, ' hadti, ae ve feq e , a d c ,lotheos-c(tparlt, 1e(a , tIe in part, 'e t i teas
l,.igI,t alreca,'tfattily, which still fre1queCnts the fresh waters (-ltheregion.

We iee.t withnoI trace of marine anina ls ; tlhe mien who lived inIlI ),r1"l e at tho
era of tlie reitndleerl seetn to) have known ,nothingt )f thie sea and its inhabitants.
Theseb,:jets of art have beeCn foundtionly in the three ,ro(ttos of Le's/Eqzi.cs,

L. iir'i,- lius.,'', and La Madelaitne, inl the udepartltent of l)orlogte. The first
(,ftlic.. is high atndt wide eioligh to ('iable(lwite light to peInetrate tlhrtlo.h.iit,I,,ein ll, 12 Inetresd{eep), I6 brioad, andi 6, itres Itig, ; it appears to have beIen
uised in tlie, nilddle ages as a stable 1for horse's. ien Lartet and Christ v lbeati
theirCexplhrations, the grottoIad been cinsihderably enIlarged atnd dteepen!ed bv
i :"-lier ('clculp)ats, though tlexlrexplirstfo)tind at thle hotto.Ia cllpac:tl'ilr, frioml
which projected tnasses of blackislh stalag.,ite, fiint instrltmetnts, stoneis, and
]piic(es o'f !,,ie ; this )mone-blreccia lay imiltediatcly oi tile rockfilor', ft' thel cave,
andl shlwed( a thicknessl of one to tlhre decimetres. Large pieces were briketn
losi, whi('h were senlit partly to ditf:erent ise( tlms, )but ill greater Iltantity to
Paris, it aview to mitore exact examitnation. The station of Lagerie-Basse is
partly inll the hollow(If a rock, whose face is 100 feet high, while a lpart of tlhe
foitmation, onil which ap)pearedl traces of anti ancient fire-place, extended outwardly
ill f'romt (of the cavern. Within, tle breccia wasftill three lmetres in depth. T'lim
neigildi.oring station11 of tlie M adelaieti lies at tIhe foot of tlie r'ck),andtil f mnns a

dec:lyedl\ heap 15nt3tres in length, 7 iti breadth, and 3 in deptli, in which
sotme humalin bones were found, but unfolrtnlately not complete entotghl to indi-
cate. lite raceofilmen from wl()ioml they )ri'.o cceded. Some fragi.igmeitso, f blood-
stmic, andl a coarse stick or pencil of ochire leave it to be inferred that in that dis-
tant age ('olored drawings wer(L soeitilues execiute(ld.

Tils, we see ho)w civilization was undergo)ing a slow but conistant de'velop-
men1t amntg thie oldest inhabitants of mithddlc Eirmope. The fact s which tlhe
exca(vatiols (of Chaleuix have disclose ed, ini connection with those discovered in
tlie griIttos of Furlooz, furnish a picture ofI) li first age ofi mankind in Belgium.
These old poplulltitos, withinall their usages, retlappear bl)efore us, after hiavil.glween tIan, thoisatnd years forgotten, reminding us of tile fialhulous bird which
sprang with renewed life Iroim its ashes. So the primeval age of mankind is
rebluilt f'i.nm its own r ,,inns.
We see them ini their dark, underground retreats surrounding the pri'nitivo

hearth, shaping with some skill and greater patience their weapons fr'mn flint-
stome and their utitensils from rindlcer'ls hlori, in the mIidst of the 111 5wholesoimo
exlhalations of animal remains, which inll their carelessness they have liheaped(
around them. Tho skins oi' captured beasts are strict of hair, and from theso
clothing is lprep)aredl by means of tilan awl of silex and a needle of bone. We seo
them artted with arrows and lanhces, whose points of flint have been sharpened
for deadly execution, pursuing the beasts of tihe waste. We visit them in their
fhstniesses, where a horse, a bear, a reindeer, forms thleo product of a successful
chase, and the repulsive flesh of rats their resource against contingent faitninieo.
Tjh.y conduct a commerce with the populations of France, and bring thelnce
mollusc(us shells and jet, with which they delight to adorn themselves, and silex,
whiich is so indispensable for arnms and implements. Here is a store of fluor-
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spar, whose ,olorslibegile their fancy with a show of luxury, and there the wide
plate of saiilistot el des.tinetl for pain. a;rotlnd tlhe hearth.

Blit tihetr e Ole days of disaster, and truly(disaster is not spared them. A con-

culsshioi, a slIhdden doviwnfall drives then from their rocky dwelling. Tileol)jects
of theirvilll('ration, tleirtuteinsils, tareI alike shattered, alnd theytare cast forth to
seek for1 .s,)Ieotller sIhelter. (O)r deathh invades tleml witi its desolations,alnd
wliat iiois cares(tll dththeten consecrate to those wholili they llaveo lst ! We see
tliat tlheyvlav tliebodey away in a cave ; aill n,weapons,amiw, lets,conlistituite the
etlqiliiielt ori' thieva\ilt. A IroadIplate of stone guards against tlie enttranlce
of wIill beasts. ''lhm( begins the fileralfeast ill tile immillediiate vicillity oft the
seplmllcre; fire is kindle on)l the hearth, large animals a're dismembered, andt tlhe
roastedtlesh is distrilute(d aml)ong tlie uliests. 'llere are no dloiubt other stra;llge
cerem(Ollieslpractis'ed, as iS now1 tliecu'stomI witlitilh ere tribes oftAmerica and
Af'rica, bit tll(he wewcall n) ln ('cojecture. tAnaloylllwou\ l o)(ilnt to songs, dandles,
adjmialiions, bitt science calla.tlbr, I us here not tlie slightest iilormiation. Again
anldl often will this vault open,lla(l smallll clilhdrenit, ais well ais llenoof 1fll stature,
take, onei aftle'l allother, thlir place in tlie cavern amiidst the slaie ceremonies.

'But tlie end of this oldest of kniioi ep)ceh is atlhandt. Flloods(overwelmle i the
region. Thledwellers, drivel from their caves, seek reftiuge il vain oil the hills.
DeatlI overtakes thleml ; a dark grotto becomes tlhe grave of those lhapless fuigi.
ties\wlo, as atF1'u;ooz, were witnesses of this 'eat catastroplie. Nothing is
spared I)v the fearful element. Thle sepulchral caverns, the oljects of a touch-
ing solicitdle onl the part of tliese poor people, are forced( open 1by trlrents
of water,liandl tlhe liles ot tle (lead aregenerally scattered anlbro:d. (nly the
dwelling-place of Clihaleix is exempt fro( tile ruin; it is protected by an earlier
catastrolpe. This conissted inl thedownhill oftt h1e roof oft1h e cavern.

Luck v and multifarious disc series inave cond(1ited us to these results. Th1
usages anld industry of' these tribes, which reachl ack to so distant ian aniti(quity,
cani el ictured witl soime exactness. Buit mmtcli yet lies in darkness. \We know
Iothiing of their relations ti e people of earlier times. Iad they tprede(c'essors
in the land ? Thl important discoveries which Sehinerling and Pror. Malaise
have Illade at Enigihol Feemi to show tliat tle mlln\whose remains\were found
on tlie Lys were not tile alloriginal inlliabitants of Belgiuml, but only\ successors
of anl older population. At Clialeux also were found substantial indicatiions of
tlhat Ilrilmeval ancestry, but tlie traceswcer scarcely discerned wlien they were
agaill lost.

Besides the three stations above nanied, a largo number of caves have been
discovered ill France and lBelgium, whichIeverywhere contained tle bones of the
same anliiinmls. Among these, thie reindeer plays thie principal part, alinlis always
accompanied1by the horse, tlhe steinbock, the clhamois, and the bison. The remnailns
of tiheImamlilloth, l'rilnoceros, wolf, )br'owI1 )ear, lynx, glutton, sheep, Illarmlmot,
ianl coiitllonI deer, are seldomI found ; still more seldom tlios of tile lihena, the
tiger, the l ,rculpine; while the bones of birds and fresh-water fishes, w\icli wo
need not enumerate, occur in abundance.

Ini tile cavern of Brtuniquel were touilnd, by its owner, 1,500 different objects,
which were all Ilprclhased by Profeissor Owen tfor tile British Museuml. Here wero
also discovered(.l hmlmnaIremains, especially a jaw bone. ''Th cavern of Chl1lenx,
in tile valley of the Lys and neighborhood of I)inant, presents a remarkable
peculiarity, fan analogue, so to say, of Pomipeii and HIorculaneum, cities which
Vesuvius dild not destroy, but lias preserved for us. All tilo objects contained
in the cavern, just as it was occupied at the time, liave, as already mentioned,
been kept entire by the dowinfll of its roof. Tlh rubbish, under which tle
various articles lay lllried(, las prevented tlhe destructive effects ofttle dilulvial
currents. After the removal of eight feet of cotmlpat detritus, the proper floor
of the cavern, upon which Iman hadl resided, was Ieachcld. Probal)ly thl ilnhabi-
tants were absent on the chase at the occurrence of the catastrophe, for no human
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bonies have been fond here, but some 3,000 implements of flint, as well as others
of Ine aml reindeer's horn have b1een recovere(l. The hearth, paved with flat
stones, lay in tlie middleICof tlie cave, and on it were still found coals and ashes.

IloweIverl inlcoiplete may he thle results thus far obtained, thev still show in
the most corlMlsive manner tie correI'ctiness of thle dedicttions which have been
drawll from them. Tleh remains which have (descended to uts lundoulbtedly pre-
sentImanV a riddlIe, but we should not despair of their ultimate solution. IPer-
hlIps a fiirtunate incident may bring u.s, sooner than we think, thle desired expla-
natioln.

InI conlclusionl, we should say something respecting tlie animals which, in that
distatit age, lived as the contemporaries of Iman. 'lThe(ave bear,(' rsuss,?pc/ ts,)
acc,uIdintg to (Owen and lPomel, first made its appl)learance ill l;ngmlad andt at
C11hamitieix inii Auvergne, towards the eil of tI ' tertiary epIoclh. If all tlie deter-
minattiitns are correct, its remains have lbeent' fomind in Siberia, Scaitia, Fratnce,
Belt'1iumti, Englantd, and Germany. lThe cavebtear. was the largest of the species
kmtown, andt seems to have become extinct biefoirei tie reindeer era.

'The imtammnotlh (Elephas p'mixyenius) was living i mid(Idle Asia about tlhe
endl of tlie tertiary epoch, but in 'lmro)pe its rei'taillns are first found in the (qleater-
nary formations. It has inhabited a wide geogtraptlical zone, for it Shlread from
Sicil to)Eniglanti1, but to tlie south it extendedil nlot ieontl central Italy tld tI
]r'retne.es. IIn Italy anld s:)uthernF],racee it setllms to have survived dulrinig a
part of tIthe reindeer period, whilefirtther to the north it hiad disappeared.
The rhlintoceros lived almost universally in company with the mammoth, and

becat(me extinct during tile reindeer agie. It is generally k known that a carcass of
this rhiloctcros was )preserved, together with a maimmothl, for malLy t hous:ald
years in the ice of Siberia. Wheni discovered, they were found to be still fur-
Inis-led with both hide aind hair.
The cave hyena (JIfiawna spelwa) was, during teio quaternary ep)och, of very

freqt(ient occurrence in Europe. It is coimionolly supposed to have belohmged to
one (,f tlie t o differentt African species still surviving. Thus far, traces,of this
amiitmal have only been found in theo Iliocenie or per tertiary deposits, andi it
5Hseems to have lived neither in Spain, the south of Italy, inor inl Sicily. The cavo
hIvelat becamee extinct luringg the reindeer period, and in Belgiuni even before
tlhat era.
The gigantic cat of tile caves, (;'lis spJclo',) whether tiger or lion, a point

very diflicilt to be decided from tile parts of tliohe skeleton found in those reposito-
ries, males its appearance only vith tile quaternary period, and seems to liavo
(disappeared with tile same. Th'e reindeer period( reveals some traces of it, and
this indicates that tlioe feline tenamint of the caves had not then disappeared, like
its cotehmlpmorary, the cave bear. Lartet even asks whether the former, like tlio
a11'ochs, whliile withdrawing further to the cast, (lid not survive within tile periodof' history. In fct, the lion of ''hessaly, spoken of by Ilerodotus, and which is
figured on Grecian coins, endured a cliltmate like our own, and could not tihere-
fore,le tlie present African species. Dr. Falconer has gone even further: in his
opinlioni the great feline animal which subsists on the slopes of the Altai and in
tile north 4of China, and which is generally supposed to be identical with tlhe
Bengal tiger, may well be tile Felis spclaa, which, by reason of the increase of
timatlLkind andtt the development of civilization, ltas retreated into the deeperr recesses
of' Asia.

'iThe gigantic deer was chiefly an inhabitant of England anda Ireland. A com-
plete and very fine specimen of it may 1) seen inll the British Museum. Its remains
are mimet witlh, but not. very frequently, in France as far as tile Pyrenees, in Ger-
muatyv and thie north of Italy. This animal existed as early as the pliocene era,
iand1 Ibecame extinct during tihe reindeer period. Its horns measured from 10 to
11 feet il breadth. It has been improperly called the (leer of the peat m11oor1s,
since, at the time when these moors were formed, it no longer existed.
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Tle reindeer (C'crrus taramndus) It(ade its aipl)earance witl tlte lmammllothli in
middle El'oll01l.(', and hence at til 1beCtinliing of tlihe (lulaternaryl period. Its remains,
whlic'll occur(i s, :bindlllanltly in the caves and other sites wII(lr i.an:has dwelt,
testify to alast nimnerical dleelollmenl t ttle epohll to wh-ich tlhe animal has
given its name. thiss circumstance enables us ill some measure to account fur
tlie rare occurt(rence of tihe lr'C ox and th(e d(1eer, for it is known11 that lioth these
animals entertainl a great antipathy forl'ti reindeer. W here the latter has rested,
the folirmer avoid feeding. 1'The reindeer, whose geographical habitat extended to
the Il'vyrc(es, withdraws towards thletlrth and disaplpears in middle Eutrope at tih
perioli of thlie last great Imiveienl¢,t hftlie waters aid of tihe red diluvimni. At
ti(e clpoch( of tlie pIeat Illoors it 1no longer existed ill Franice. At rlesent it inhabits
thie cldhlest regiolls (tf InorthernEli rope. The remains of the elk (C'crrus (dces)
are selliill Ill( t with ill tit( templerate IEuropeIan latituides. It seems to have fol-
lowed tile reindeer in its lligratioll to t(lie north, where it l11N excluIsively sojlorns.

T'lle lairocls (Bison ltropurS.) Th'lis will r'ininallt seems to have existed
ill tlie l)liOCecplleriod, and wvas very \\idely (listribulted in Iliddtle Eurolpe. Its
remains tccur SLpa'iglyl in tle peat moors and in the pile settlements of ;\Switzer-
land. Ca'sar did not observe it in Gaail or in the Ilercynian forest, but Pliny
asserts that tlie bison, \which couil be none other than the anrochs, lived in Ger-
maniny. The animal is no11w nearly extinct, ]lleing found only ill Lithuania, where
it is 'rotlcted by stringent laws, Lanl at GLervais, ill tlhe forests of tle Caucasus.

'File great ox, or tire ox, (Bos ))imlieqlius,) appears witli the quaternary era,
and attains so wide a geographical diffusion that its remains are foinld in tie
wlole of ]Europe. It survived, like the a:rochls, the ages of stone and bronze,
and subsisted even ill tile age of iron. Ca'sar mentions it ill hlis commentaries,
and the V s'on cornipotens of the Chronlicle of St. (;all (10t century) is, accord-
ing to Steenstrupl , nothing else thani the Urus of C(esar. The species is at
present -wholly extinct.

'TleIitmusk ox, (Bos moschatfs,) a smaller rmninant, is intermediate between
the ox and the he-goat. It lived ill lrance and 11England silmultaneously with
tlhe cave-dw\ellers. Its remains iare Iund ill tile flint formations of thie diluvitim.
At present it lives only in tihe coldest regions of America.

'The horse (E'quus udamiticus) dates from tile origin of the lquaternary forma-
tions. It differs J1rom tile horse of' the tertiary era, but seems identical witll tile
now existing species, (Equus caballus.) in tile ago of tile cave bears and tile
reindeer, thle horse was very widely distrilbuted tlrougll middle Eu'rope, and ftlr-
iisied tile populations of that time with their principal food. A smaller race
is Imet witli il the pile settlements of Switzerland and in tlhe Pyrenees. It was
at a later period that iman availed himself of the horse for riding, especially in
war. The Creeks seem first to have practised equitation about tllu seventh
century B. 0.
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Translatedfor the Smithsonian Institution from the " lRevue des Cours scientifiques de la France
et de l'etranger," 20 July, 1867.

Solar radiations, and ill general those of all luminous bodies, are composed
ofsi1 Iltitlidl of Sull)rposeI viliratiois endowed( with very (istillct properties,
anil which it is practicablle to isolate by means of the prism. Thle first, and
least re1frangile, are ol)bsurc alll malniifest tlllemselves to our o('rg:as onlyN, 1
tlie calrificl phenomena which they produce. These are followed lby tlie lmnin-
otis ra(liations whieli succeed one another from tile extreme red to tile rav II
,f t(le spectruil. 1To tile violet rays, finally, siucceedls a largenu1liltbe (lf l;adi-
:Oti)ls, ilvisible it is true, bult whose existence is revealed by their power of
efftecting decoml)positions or chemical cml)bilnations.

I have heretofore insisted ol tlie point that there were not thr(e special classes
of radiations sullerposed at a given point of tlie spectrum, andd(li lrill' Iby their
nature itself, but a single ray capable of possessing three properties-o, f being
ca:lorific, lminons, 111(1 actinomietric. From one1ell of' the Sl)('pectl to lilo
other, ille rays remain identical ill t heir nature, lbut possessing ilicre.a:sig refi'n-
,'-'ltillitles andllviatorv velocities, more and more rp:id. I have shown, 1b the
phenommena of l)phosphorescence and fluorescence, that these difflerelt rayls can
lie transformed onle into the other. Titus, when lulmilnous radiati(,lls, simpleO
and well defillne, fall oil a mIetallic plate, they are at first abs(orled 1!b dlerees;
the plate grows warm; it tlhen rIadiates ill its turn, but gives out only obscure,
that is to say, less refrangible, radiations. Tus again, ill tlle curious lpellolllela
of l)loslihorescence and fluorescence, we have seen that the ultra violet radiations,
scar(Icel visible, were absorbedbl,y tliflereiit bodies, and became tlransl'form(d finally
into IituminiouIs ra(liattions. Inl a word, (dillerent substances have tile pnirlperty of
selecting and absorbing certainly sillplle radiations ill preference to others, (,' t]hem-
selves entering into vibration, and of yielding up) by radiation the active forco
l,sorledl, wit this constant character, that a siinlple ray has been finally trans-
formed into an assembl)lage of other mixed radiations, all less refrangible.

It is another forml of this proposition which I aml about to expolilnd in tihe
course of tllis lecture. I propose to show tlat thle medium mlay: retain tlle
vibrations wliclh it lhas absorbed, and that the active foicc which thev have
comllmunicated to it, being incapable of being lost, is applied to tlhe production
of anl e(qivalent clheiccal etcect. It is will photochemlistry, in a word, tliet wo
shall 10o\ o(Clllpy ourselves.

Scleele disco-veredl, in 1770, that chloride of silver exposed to the light
assulles a violet tint, but le (li(d not stop there. Proceeding to inquire to \what
simple radiations this phenomenon was (,Ide, lie studied it in tlhe spectrum, and
fould tliat the violet rays were alone capable of producing it. IIe Iinamed them,
on this account, chemical rays. Wollaston carefully repeated this expc1)'illmlet,
and observed that there existed beyond tle ultra violet radiations still other
radliations, more refrangible and wholly invisible, but capable of acting on tho
chloride of silver.
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This admirable discovery, which is the principle of all tlh phenomena of
photochemistry, remained long unexplained, under the chemical point of view.
The explanation was given by MM. Girard and Duvanne. These two chemists,
having exposed chloride of silver to tle solar rays, found that this blackened
chloride was susceptible, in part, of being attacked, witl disengagement of
hyponitric acid, by nitric acid, a manifest proof of a partial reduction of tll
chloride into chlorine and into metallic silver under the influence of tile liglt.

But this compound is not the only one in which this phenomenon is observed.
Light acts as a reductive agent on the nitrate of silver, the chloride of gold, the
chloride of platina, and in general on almost all the chlorides, bromides, and
iodides of metals tho least oxidizable. Thle same is the case with a great
number of oxygenated metallic compounds. Every one knows that concentrated
nitric acid, entirely colorless when exposed to the light, is quickly colored yellow,
inconsiderable quantities of this acid becoming decomposed into Ihyponitric acid
and oxygen. Tlio same may be said of chronic acid, whicll undlergoes a par-
tial reduction, loses a certain quantity of oxygen, and is transformed into sesqui-
oxvde of chromium.

In all theso cases the light acts on tlhe metallic compounds as an agent essen-
tially reductive. We are now about to see this same agent, in another order of
experiments, produce very varied oxidations, and favor combinations in general.
Let us take, for instance, a mixture of chlorine and hydrogen, and expose this
mixture, enclosed in a flask, either to tile solar radiations or the brilliant flame
of magnesium. A sharp detonation will immediately announce the instantaneous
combination of these two gases in forming chlorhydric acid.
There is hero, then, no longer an action of reduction, but an action of com-

bination, wliich the light has exerted. T''le phlenomencon is tile same for all
organic substances. We know, for example, tllat if hydrogenated compounds
be exposed to the action of the sun in presence of chlorine or lbromine, coitbli-
nations are always formed in which the chlorine or bromline is substituted, e(lquiv-
alent by equivalent, for tle hydrogen of tlhe organic compound. This, in effect,
is the starting point of the theory of substitutions devised by M. D)umas. Tlio
process of bleaching cloth by exposing them to tlhe sun is a phenome nonflumiliar
to every one, and is also owing to a slowi oxidation of tlhe tissue.
Among these different examples of oxidation plrodulced un(ler the influence of

liglt, there is one wlich it is especially incumbent on us to cite, because it las
been rendered famous by an ingenious experiment, ilmade in 1813, by Jean
Nicll)hore Niepco, an experiment which was in some sort tile starting point of
photography.

Nice'plhore Niepc, having taken bitulten of India, (asphaltum,) dissolved it
in oil of lavender, and was thus enabled to spread it on a plate of glass, wllich
he exposed to tlhe sun after having covered it witl an engraving. N.ow, bitulmen
has tile curious property of becoming insolul)le in volatile oils when it has been
for some time exposed to 'tlle light. This light penetrated to the bitumen through
all the whito parts of the engraving, but wa:s arrested by the black lines; and
by afterwards washing his plates witl oil of lavender, M. Nicdphore Niepco
obtained a reproduction of his engravings. The white parts therein were rep-
resented by the bitumen, now become insoluble and of a milky-white appearance,
the parts from which the bitumen had been removed representing the black por-
tions.

This experiment, as I have said, was the point of departure for photography.
Still another example of these phenomena of oxidation remains to be noticed.
It is afforded by tile resin of guaiacum, wlicih has tlhe singular property of
changing to a deep blue in the liglit at tile same time tlat it is oxidized. ft;
therefore, it is dissolved in alcohol, and a sleet of paper be impregnated with it,
we may ot oies, asit h th i , by covering the paper witl an
engraving and exposing it to the sun; Ibut as it remains white under the black
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lines, and becomes a deep l)lne under tile white, we obtain, in reality, an inverse
image. This is a negative proof.
Thus we see that theo olar radiations, in acting,n different bodies, may give

rise to two very distinct orders of chemical )llenolmena : lpenomiina of redIuction
in all thle metallic cominllounds; oxidation, a tendency to favor comli:l:htion, :as
regards all organic bodies.

If the opinions thus advanced are well founded, it. is evident that by mixing
with Imetallic salts organic substances we shall double tileerfcts by augmlenting
tlie sensibility of tle photochemnic action. This mayI o ldellmonstrated by 1uinnIr
ois experiments. T'lhe following, which is oneo of tlio most (ecisive, we owe to
M. Nipce d(o Saint Victor, nephew of tlhe inventor of photography. lie took
a piece of porcelain presenting a fresh fracture and covered it witl a solution
of literate of silver; he then exposed it to thle sun whilo screened frolml all
organic matter. The nitrate of silver remained unaltered ; lbt when a leaf ,of
paper was imbued with this solution, or tile nitrate of silver was imiigled will
any organic matter, (gelatine, tartaric acid, for example,)before covering the
porcelain, tle action of tile solar rays was immediately manifested, andl tle sil-
ver was reduced to tile metallic state. It is evident that in this experiment tlhe
active co-operation of the organic matter admits of no doubt.
We may further adduce ani experiment of Professor Ilaghen, of KIenigsburg,

which leads to tile same conclusions with tile preceding. M. IIaglHcn took two
tubes and filled tlhem, one with a solution of nitrate of uranium ill distilled
water, tlhe other with an alcoholic solution of tho same salt. T'lie first of these
tubes was carefully closely, to exclude tile access of any organic matter; both
were afterwards exposed to tile sun, and, agreeably to M. 1raglien's previsionzs,
tioe second alone was altere(l and partially reduced. Theso results are con-
stantly turned to advantage in thle art tof photography.

And, indeed, in tlie preparation of sensitive paper tlhe only object in covering
tlhe sheet witl a thin layer of elioloride of silver is to bring together in a state
of considerable division the re(ducible metallic salts and tile organic matter des-
tined to effect the reduction. It is )proper, however, to add that, in order to still
further naument tlho sensibility of tl lnapers intended for photographic lprooUt, it
is the practice to dip them, in tile last place, in a solution of a chloride, a bro-
mide, or an alkaline iodide.

Thl following will serve as a final example of the energetic part whicl
organic substances play il these pliotoclemic actions. About 1 850, MI. Ploitevin,
one of tile most celebrated Frenchllhotograplhers, took a salt of sesqioxide of
iron, tlie sesqulicliloride, added to its solution an organic matter, and r::atratcd
some leaves of paper with this mixture. Under tlio infllunco of light and b,y
virtue of tile presence of organic matter this salt, whicl tile liglit alone coiildl
not moditf, was partially reduced, and( passed to tile state of a pllotochloride. In
taking a lphotograpllic proof with suC1h paper, it is sufficient, in order to make the
image appear, to wash thle shlet withl a solution of cyanoferri(d of potassium or tan-
nin. These compounds reacting only on tlhe perchlorido of iron wherever it lias
b)eon preserved intact, that is to say, under tlhe black portions, wo obtain a positive
proof, colored blue orl lack, according to tlhe compound employed for washing.

I shall not further multiply tlese examples; but tliero is a fact of munch more
importance, and to which I proceed to call your attention for a moment: I refer
to what are called, in photography, tlho )revelinlg plwenomCena.

It is generally known that, when the sheet of prepared paper is withdrawn
from tile camera obscura, tile action of the light seems to havo plrillced no par-
ticular effect on its surface; and yet, when it is inmmersed in a certain bath,
tile image immediately appears. This, in tlhe language of tilo photographers,
is tho revelation of the ilmago. We shall accept this word, amlbitimos as it is,
and endeavor to render an account of tlhe plienomenon, tho most important iand
certainly the most curious of photoclelmistry.
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Wlat weo lust first. reln)ark is the following oll,.-rvation of M. Niepce do
Saint Victlir: tlle flluncti Iil t,' tilt t\wo active sIllstanceC is reciprocal ; it is a
matter of inldiiferen(e whether the subl)sance styled sellsitive, iodide of silver
for'examplel, lie exposed to the lighlit and aftet(rw'a'rds waslihe with tile revealing
ulllstancei, Iii,),:lllic (acid, (ir, inver'tilng tlle process, tlhe gallic acid be illpressed

anld Ill( sleet washed in Ili- lbathtl lf' silver. As regards intensity, tlie same
-effiect i s 1w ,lt ainedll by exposill, one or tile otlihe to tile sUn.

Mr. Nicpce (le Saint Victor studliedl tills pIlicilomenonl with care, and tile fol-
lowiing alrl some of tile (exleriimenits wlli(ll lie made to tilis effect. lie exipsed
to) tle sillu, foi' some0 time, a slieet of1'w!lite paper whiliichiad received no prepara-
tion,:l,(1 le perceived liat tIlis paper, placed in tile canetra obscure oin a sleet
ofpsapil:tixc pi:per, 1tlackeledl it as t le light itself would lave (done. Upon tiis,
lie u.iiceived tlie idea of isolating or exposilng to tile sun his sleet of paper
after having first covered it witli a pliotograplhic stereotype ; lie tlen placed it
on a sensitive lpaer. Nlt only lird tlhe white paper thlins insulated acquired tile
property of reducing tle salt of silver of tile sensitive paper, but it reproduced
(11 its surface tile figure of tlie stereotype.

Tllis ciurious property is exerted at a certain distance, u)it it ceases if a plate
of' glass o,'r ( lfnic e. interplsed. T'hei isolated paperretainss this property
for sonml tiime inl darkness, but wlhien once tilis paIer lias p)ro(luced a certain effect,
tile )roperty is collpletely annutlledl ; a new exposure to tie sun is necessary to
restore it.
M. Nil'ep made tlis discovery nller rather singular circiltstances. IIe

expo.sedl a sleet of paper to tle action of t ie slun, enclosed it in a tulle of tin,
and, at tile end of sola,.e molltlhs,]having opened the tlbe, lie placed the paper on
a sheet which 1:1id bleen rendered sevusitive. 'l'lhe latter received tlie im)pressio
il tlie w\\ole extent of the section of tlle tule.

Ihow is tills pienolmenon to be explained ?. heree are two modes of doing it.
M. Niepee :rilposes tllt tlere is light imlnprisoned in tile isolated sublstance.
Thiis light souietimes remains store(l therein for a co isi(lerahble time, till tlie oppor.
tunity ,'cIccurs for it to produce an etlicient cllhemical action. It is scarcely neces-
sary to say tl:lt this explanation, simple as it is, l:as not met witl universal acqui-
escelce ; difficulty Ihas 1eell felt ill complrelending how light conuil thus remain
in. a latent state oin tile sillface of' bodies foir time which Inavlie teCTned indefinite.

Another exl:lanaition lhlas tleref'lre lbeenl adlvlance(: it laus been supposedly tlat
thle solar radiation occasions tile formation of highly oxydab(le heliemical pro-
ducts whlen it takes impression onl the organic Imaterial. It. would be easy then
to explain tile indefinite preservation of a volatile substance capable of' actiiing at
a distilace, and disappearing after having produced a deterinilate cihemiical effect.

'To which of these two expslanations1shiulld we give tlie preference ? Fo'tr mny
own part, I strongly incline to tlat of M. Nieple, chiefly on account of tihe fol-
lowing experiment: M. Niepce takes a pieco of porcelain lpresentinlg a fresh
fracture, exposes it to tie si1u, and then plunges it in tlhe bath of silver, avoiditig
witli care the contact of organic substances ; leaving afterwards wasled( it. with
pyrogallic acid, lie sees tile silver immediately reduced. It is iml,)ossible, Ihow-
ever, to admit tile production of an organic matter n(lder these conditions. 'The
action of tlle sun, lwhetller on tlle salts of silver, or oil organic matter, or on
porcelain, always produces tlle same effect.

1 have said that I incline to tile explanation of M. Niepce: I do so, however,
with some degree of hesitation; and yet, when I see tihe plienomenon of pIlisplho-
rescence, when I see an alkaline sulplhur absorb liglt andl give it out, ill tlie end,
under tlhe form of light, how can we persist in doubting that a substance like a
fracture of porcelain may so far retain light as to cause it to produce, after a time,
not phosphorescence, indeed(, but a chemiical action ? It is, in a word, a force
which remains thero, for quite a long interval, until it finds the occasion for exert-
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ing itself in reproducing tle phenomenon of photochlemistry. However this
ma be)(, w\e continue tlhe study of these l)henomena.

If we receive a pure spectrum on paper rendered sensitive, we shall find tlat
tile calorific rays do not in general act: the more luminous take no effect ; the
more refrangi,le rays, on the contrary, which also produce lphosphorescencee and
fluorescence, are tile only ones capable of developing chemical action. l'For tlie
chloride of silver, thie effect commences at tie ray F, attains its maxinmn at II, and
becollnes progressively weaker up to tile limits of tile ultra-violet rays. For tile
chloride of gold the effect is more capricious; tilhe action is slow in l)eing pro-
duced,1b1,nutce commenced, it continues spontanleouslsy, even in the dark. T'he
iodide of silver begins to alter in the red and presents two maximums. Th'lese
fewn examples sufice to show that each substance is impressible by particular
rays.

\We must not think, however, that thle calorific and luminous rays are (lestitut
of all action. If' a paper rendered sensi itivele covered w'ithglass of various
colors, blue, yellow, or violet, for example, we sliall find, after ian exposure of
some nImoments to tle sun, that tile red and yellow glasses have produced no
action, and that the blue glass alone has acted. If, however, we begin by calls-
ing the violet rays to act for a very short time, and tlhe sensitive paper lie then
)placed under red glass, the action is continued. The red glass, wliich did not
possess the property of commencing tile chemical action, has therefore tile prop-
ertv of continuing it after it lhas commenced. It is for this reason that M. Ed.
Ilecquerel, who discovered these phenomena, has given to the rays of little refrani-
gibility the name of contintafor trays.
The resin of guaiacum presents a peculiar )phenomenon: it becomes oxidized

only under tile influence of the violet rays. A1. 13ecquerel, having ilimpregnated
a leaf of paper with resin of guaiacumn dissolved in alcohol, exposed it to tlhe
violet rays, which oxydized it in rendering it blue.; having then submitted it to
the action of light under a red glass, lie found that it became deoxydized. In
tlhe case of organic substances, then, there is an inverse action between tile lumin-
ous rays and the chemical rays which it would be interesting to study, especiallywitli reference to tlhe different phenomena of photuchemistry. We have pre-
viously seen that, witlt the metallic salts, tlie chemical rays were alono cxcitalto)t,

ulit that the lu1ninous rays were continutlors. This very important distinction
between tile different rays of the spectrum is again encountered in tile dlauerreo-
type. Every one knowsshow daguerrean proofs are made. The operation con-
sists in exposing to tlh vapors of iodine a vwell-polished plate of silver, fri the
propose of covering it with a thinlayer of tile iodide of silver; it is afterwards
exposed to the light il the camera obscure. Wherever the light has struck it
tlhe io(dide of silver is reduced. It suifices next, in order to render tlhe imago
visible, to expose it to mercurial vapors; the mercury is fixed, wherever tile lighthas struck the plate, in the form of minute globules, giving it n deadened color;it is now only necessary to wash the plate witli hyposulphite of soda. l[. Clan-
det lhas shown, by tile following exop)leriulient, that, even on daguerrean plates,tle luminous rays destroy tile effect of tile chemical rays. lie exposed an iodized
plato in the camera obscure, and then cut it into four parts; he observed that tho
first could condense the vapor of mercury and yield an image ; tleo second ih
left in tlhe dark, and placed the third lnder a red glass. At tie expiration of
solme time, the third lIad lost and the second had retained the property of giving
an image with mercury; the fourth, kept also under red glass, recovered its for-
umer sensibility, while it had lost all trace of an inprcssion. It would thereCfro
serve anew to produce an image, a fact very important in practice, because it
nadmiits of operating in tile light.Thus we see tlat the violet rays possess the property of deoxydizing the metal-
lic salts and of acting as oxydants on organic substances. T'he red rays, on the
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contrary, in tlhe first case are only continuators, but they become reductors in tlh
presence of organic substances.
MM. B3unsen and Rosco have sought to estimate the quantity of tile chemical

forces annually discharged on tile globe by tile sun; they caused tlie solar lilht
to penetrate lby a very narrow aperture to a vessel containing a mIixture of (111.rine and hydrogen. These gases, which do not combine in darkness, combined
over tloh whole tract of the luminous ray in proportion to tile quantity of tio
radiations absorbed. In a word, if tlhe apertuie by which tlhe light arrives l)o
doubled or tripled, the quantity of chlorhydric acid formed is also doubled or

triple. In this way,MM[. Bunsen and Roscoe found athttequantity of cheini.
cal rays annually discharged by tihe sun is capable of coImbining a stratlum 35
nletres in depth of mixed hydrogen and chlorine gas. Tlie terrestrial atmo-
sphlere absorbs a part of these rays, so as to reduce to 17 metres tile stratum of
chlorhldric acid which would lie formed under tile normal inclination, and to 11
metres if tho siln traversed the atmosphere at 45 degrees.

It is also to photochenlistry that tile action exerted by light upon vegetables
is to1be referred. Bonnet ascertained that leaves immersed in water and exposed
to the sun disengage a gas by their under surface. Plriestley announced that
plants have tile property of restoring its primitive purity to the air vitiatedl by
animals. Towards tihe close of his life. having repeated his experiment, lie
arrived at a different result, and failed to detect the secret of tils difference. It
was Ingcnlhousz who explained this phenomenon in 1779. lie proved that under
tl action of t solar ys tie green parts ofpllants purify the air, while, ontle

contrary, they vitiate it in darkness. By what rayslare these effects prorducedt
If the view which we have taken may be regarded as correct, we are justified in
saying tliatit is the red and tile yellow rays whlic cause tile production of oxy-
genl; the others produce carbonic acid. The experimenthas been conducted by
M. Draper, under conditions lhiclh leave nothing to be desired. lie took seven
tubes of glass containing water charged with crbonic acid, and introduced into
each a leaf of grass; ho then caused one of tioe seven colors of tlie spectrum to
fall on each tube. After an interval of time, oxygen was disengaged in tlh
tubes exposed to the yellow and red rays; in tile others there was none. The
red and yellow rays, therefore, are those alone whelich give to plants the property
of renewing the oxygen oftlhe air.

I shall conclude by stating in a few wordstlhe means employed in tile practice
of photography. A plato of glass is taken, perfectly cleansed, and is covered
with a thin coat of collodion containing suitable prol)portions of bromides and
iodides. Beforetile platc is entirely dry it is plunged into the bath of silver,
the operation being condlted under protection from the light; it is then exposed
in the camera obscure. To bring out tlio image it is enough to wash with pyro-
gallic acid. Lastly, to prevent ulterior alteration it is washed with tile hyposul.
phite of soda. It is talhus that a negative proof is obtained ; to obtain positive
proofs it suffices to apply this on paper rendered sensitive and to expose the whole
to the light.

It is not probablethat photography will be limited totihe progress which it
hasmade up to the present time. At this moment, great hopes are entertained
of obtaining, and that at no distant lay, not only the outline of objects, but also
their proper color. Some time has already elapsed since Ml. Edmlond Becquerel
conceivdct thi idea of submitting to thle action of the solar spectrum a plate on

which lie had deposited a thin layer of iodide of silver. After tiho lapse of a

considertillo time lie thus obtained a perfectly distinct image of the spectrum,
with its stripes; and, what is remarkable, even the obscure calorific rays wero
also represented. But the point most to lbe remarked in this experiment is that
the spectrum was colored. Unfortunately it was impossible to fixtheseimnag.c,
and only a very fugitive proof was obtained. Mi.Niepco do Saint Victor occu-

pied himself with these phenomena, and obtained in the camera obscure photo-
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graphic portraitures, chiefly of dolls, with their colors. He did not succeed,
however, any more than M. Becquerel, in obtaining a persistent image. M.
Poiterin has taken up the inquiry, and by means of paper rendered sensitive
through chloride of gold and chromic acid, lhas obtained colored images of quite
pleasing al)pearance, a little more durable, and whicl may be even preserved in
an album. Their preservation, however, is comlpatil)le only with a diffused light;
hut it is probable that ere long success will attend the efforts for perfecting this
part of photography.

In concluding, I would wish to give especial prominence to the idea that, if
heretofore much attention has been bestowed on photography, there is still some-
tling more interesting. It is the chemical action of light; it is this transforma-
tion of a certain sort of movements in a phenomenon whicl, until now, lhas been
considered as a mechanical one, but which enters, through these experimetits,
into the phenomena of optics.

24 s



DORPAT AND POULKOVA.

BY CLEVELAND ABBE, DIRICTOR CINCINNATI OBSERVATORT.

The present condition of practical astronomy in tile United States must
awaken strong hopes of our futureO eminence in cultivating this most useful
science. But in order to avoid committing grave mistakes and to press duo
onward in tile path of usefulness, we must carefully study and profit by the expe-
rience of our predecessors. Germany and Englandi have each impressed certain
characteristic features upon astronomical instruments and methods of research:
it may be expected that tho younger nations, Russia and America, will with cos-
mopolitan impartiality make such use of the results of tlhe past experience of
astronomers as will determine an epoch of still further advancement.
We should do injustice and convey alln Coneous impression, however, if we

characterized any school of astronomy as especially national-for it is and must
be in a considerable degree individual. It is to Kepler and Roomer, to Bradley
and Icerschel, to Bcssel and Airy, that practical astronomy is indebted for much
of its present perfection, if, indeed, we ought to make any distinctions among a
lost of names of those whlo have contributed their experience and labors towards
tile increase of human knowledge. Those who have studied tile steady march
of owl science during the past fifty years scarcely need to be reminded of him
to whom Dorpat owes its fame and Poulkova its magnificence. To appreciate
this latter imperial observatory one must consider the beginning of the history
of Struve and his school of astronomy in theirihumller home in Dorpat, the
Heidclberg of northern Europe : to that beautiful city let us direct our steps.

Leaving the St. Petersburg and Warsaw railroad at Pskoff, whose mouldering
battlements liave not long been deserted by mailed warriors, sunrise finds us on
board of a neat little steamboat that is to bear us down a quiet river and over
the famous lake Peipus, away from Russia westward into tle ancient country
of the conquered Letts. Very interesting are the views of the Lettish fishermen
and their villages on our right and left as we in the afternoon ascend tilo mean-
dering Elmbach. At length tile last rays of thl setting sun suddenly disclose
before us tlie (omne of tle observatory and tile ruins of the cathedral, amidst
groves whoseC bright autumn leaves annually strew and will at last obliterate
tihe battle-field andl tile fortress.
Many are the eventful years preserved in tile history of the ancient town of
Derplt." Centuries before tlhe building of its majestic cathedral. the fortresscd

hill, covered with its primeval forests, was the chosen battle-ground of Swedes,
Letts, Finns, and Ests-themselves tile successors of the antediluvian races
whose only records are now found ill the stone implements collected in tlh
imseu('imn of the University. Tle westward progress (of tle Scllvonic empire
caniused tlie village at tlie foot of tile hill to become a city of merchants; wlilst
with its increasing wealth and strong fortifications it became in peace tlhe thorough-
fare of thle overland traffic between Europe and China and in war tile coveted
strategic post. Seven times sacked and burned, it linad as often risen anew from
benellth its asles, until finally the civilization of southern Europe and the found-
ing of St. Petersburg robbed Dorpat of its importance. An hundred years ago
there remained only ruins and tlhe remembrance of former glory. Here, black
and mossy with age, tlhe old stone bridge still spanned the Emrnach ; there,
portions of tho rebuilt walls, and tlhe quaint church of St. John's, told of
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bygone times; whilst always, withl illpre'(sive silence, the crumlling cathedral
l,,,,kedl down frcmliits coimmandliilg heighlt, directing one's tholuglts through tihe
five pltst centuries Iack to tile time when its own beauty was renlowlned through
all thle hund.

Scckiill to retain for D)orpat its former military illportance, tlheli'mprelss
Cath(ilel(i.i(ordered her engiicelrs to mlake of the entire hill, inclll(ling the c:itle-
(,'-al, an inmpregnalleft rtress. The'l work was left ()nly partially finished at the
close (of tile past celltury, land tlhe immense (arthworks still remain. fM:t tll(h
ever stand as ani elmblem that wisdom is stronger than force, and tiat thle reitg
of war is to bIe everywhere succeeded by tile reign of knowledge.

It was certainly the instinct of true wisdom that in 1802 prompted tleEmpll error
Alexander I to dedicate this hill to tle use of his new university. Thet fr-
fortifications have been plantted with sllalde trees, in tleo midst of which are found
tlle ruined cathedral, several of tle university blildilgs, and the pleasure walks
of tlhe Dorpat students. .Oi tlle northeast i)row of the hill is the observatory,
1 milL upon thie massive foundation walls of tle former bishops' palatial residence; a

few steps from its porch brings one to tile brink of bastions fifty and one hlndred feet
hliglh; whilst,from its dome tle eye ranges over that beautiful country whose fitness
invited StTuve to becinl tlte geoldetic work that forty years later had stretched north-
wards te ctic anoitito thl Arcticant l t te I)anube. As tile illustrious Carl
litter coIuld in tile growth of his own mind trace the influence of thie wide pano-
ramic view familiar to him in his youth, so may we well believe that the ever

present "DomItllcin" and tile bcautiiful broad landscape have exerted( no little
inlfiluence upon tlhe lives of Strl've and the many others who with him hail D)or-
pat as Alnn Mater. TrII')ice dedicated: t iion toto ligio, education; may
"coming centuries still find tile home of learning sheltered beneath those quiet
groves."

It is with plelasur'e that one contemplates the life of a great and good mnn,
whose whole course was a COntinued success, and wlho richly merited tlie ll)unbouded
favor of emperors and tle lasting respect of all. Such was Frieriric Geor
Willhelm Struve ; and often 's tlhe story of his brilliant career has been told, we
will again rehearse its noteworthy features;

Inilcriting great ability, lie received at tile hands of wise and devoted chris-
tian parents, at theirhome in Altona, so thorough a physical and mental develo-p-
ment th aithtis entrance, in 180S, at the age of 15, into the stildent lifi of tlil
university at I orlat, his superiority was already perceived. His elder brother
Carl was then a lecturer at tiltouniversity, and his own attention was strongly
turned to p)lilology as aftfoding a very congenial field for future lifelong labor.
It was not Ilntil alter three years sFpent in literary studies, and after grainlingl tlie
hlirghest university prizes, tlhat lie began to attend til lectures of IliIit on math-
ematics andl of l'arrot on physics. Iluth hlad in 1809 succeeded lf:fl' as lrl-
fessor. of n11lthlematics an1d directorr of the observatory, and held tils chair until
his deatl), iin 181.5.

()Oliiged, for self-support, to give instnrltion ns a privatto tutor, his residence at
Sagnitz witl his patron, tlhe Count von Berg, was'fortunate, in that Struve (c'lihl
find convenient relaxation from his duties in making a slight topographical recon-
noissance of tlie surrounding country. This was in tle sumtllmer of 1 811, a period
signalized by tilo splendor of' the great comet of that year. No wonder then,
that when in tim aultmuln Struve Ibegan his attendance upon tlie scientific lectures
of lithli and Parrot, lie, as an enthusiastic student, with his own hands released
tlie long-nerglected telescopes 'frlt, their packing boxes, andl perfected himself in'
their use. I is observations of the angle of position of tihe componcnls of Castor,
in lAugust, 181 , show that his attention was now engaged by astronomy as

decidedly as it had in tle early suinmer been turned towards geoidesy. Through
tle remainder of Struve's life theso correlated subjects equally engrossed his
energies and were equally advanced by his labors.
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With the reception of his doctor's degree, il October 1813, andl the conmem-
orative memoir upon the geographical position of Dorpat, 'Strtve ceased to be
ranked among tile students, anld received in tle fIllowilng Iimoth an appointment
as professor extraordinary 1and astronomical observer. Tliis was accomplished
through the influence of i'rofessor Parrot, to -whoml l)Dorpat and science titus owe
1111ny thanks.

'lle observatory had been built under Pfl'afs d(irectorship,, and furnished with
some instruinients; but these imighit llve lolng remained useless and unknown
lhad not nl indefatigable observer een sent in tile person of tile young student
who now succeeded to Paucker as tle ' observer" utder Hutlh's directorship.

It was not in Struve's power to remove tle many defects in the observatory
building and instruments; but then, as ever aflterwardl, he showed hiis ability and
disposition to make the best possible use of whatever means were at his disposal,
as lie himself explains in the introduction to tile first volume of the orplat
Observations:
When, three years ago, the position of observer in this astronomical observatory was

given to me, I considered long and seriously whether I might not, in the then state of the
observatory, carry on such a class of observations as that something o u increuing our

knowledge of the starry heavens might possibly be deduced therefrolm.
England had long been celebrated for instruments, and tile massive walls of

Dorpat observatory contained fine specimens of tile work of the best English
mechanicians. One may still see these preserved there as mementos of bygolne
days.
;he control of the instruments was now left by Hlth entirely in Struve's

bands, and from the commencement of 1814 dates the scientific activity of the
observatory, whose history for twenty-five years continues to be identified with tlat
(fA Struve; for thle succeeding quarter century it has been honored by tile presence
of the illustrious Macdler; at present Professor Clausen with cordial hospitality
presides within its honored walls. It is not our design to trace minutely the
history of tlio observatory and its director, but rather to call attention to the
steps by wliclh were realized thehopes and plans of Struve's early youth.

In June 1812, whilst cond(lucting some experimental trigonometrical surveys
in Livonia, Struvo foresaw tile grandeuml of tile gcodesiacl operations that might
grow from thle beginning thereImadle. Iis first scientific jounley in 1814, taid
his second in 1815, (which was also his wedding tour,) introduced him, as tile
asKtronomical observer of Dorpat, to many of tlhe prominent German astronomers,
amid opened a personal acquaintance that was afterwards of eminent service to

himl. llis Huccession in 1815 to tlte vacancy caused by the death of Professor
Ilutlh placed him in a position of authority; and tlhe separation in 1822 of the
chairs of astronomy and mathematics (this latter being given to Professor Bartels,
to whom Professor Minding now succeeds) left Struvo full liberty to push for-
ward in his chosen field of activity.
The geodesic work for the lmap of the province of Livonia, ordered by tho

Liefllaild ELonomnic Society, occupied the summers of thle years 1816-1819, and
Brought the geodesist in contact Wi General Tenner, of the Russian military engi-
neers, who was pursuing a similar work in tlio neighboring provinces. No sooner
was Struvo's work finished (in its prosecution a 10-inch sextant and an arc for the
Ileuasur'ement of small vertical angles were the principal instruments used) than
lie laidlhi definitive plans for the measurement of anonr f 3° 35' before the
council of the university, by whom thie undertaking was sanctioned. The neces-

sary appropriation was granted by the Enmperor Alexander, who directed that
Strive should order the needed instruments in person, from the best makers;
and who further showed his appreciation of tlie astronomer's past labors by a

munificent appropriation for tle purchase of better instruments for the university
observatory.

In the summer of 1820 Struve made his third journey, visiting southern as
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well as northern Germany, drawing to him the hearts and good wishes of all,
especially ii.s younger co-workers. having seen tile most renowned mechanists
iand discussed with them the details of his new and long-hoped-for instruments,
lie returned to tlie university to await their arrival. The Reicheinbach Uni-
versal Instrument was received in 1821, and in 1824 lie began to use it in the
proposed geodesic operations, (in wich Baron vonoWrangell, of tile Russian navy,
was his efficient co-laborer.) Thlis latter work was nearly completed in five years.
Thle results are found in the "Bescllreibng der Breitengradmesslung; Dorpat,
1831." Tlie three-foot meridian circle, the mate of which was found at Koliiis-
lierg, was received at the observatory in 1822. Observations with it began ill
October, thie winter months being hlenceforthl especially devoted to astronomical
labors. It was in this year also that colliers of thle army anid navy began to be
sent to Dorpat to study practical astronomy under a. man of i;neli ability. In
,Noveimber, 1824, tlie nine-inch refractor of Frauenlioifer was received, and in
Febliruarv was begun the review of the heavens, whose resullts were published
in 1827 in the .'atogue novu c lisgstellarumn dupblicium et multiplicimn."
Ini this latter year it was that Professor Parrot was called from Dorpat to reside
at St. Petersblmnrg as a member of tlie Imperial Academy of Sciences, and almost
directly thereafter lie was commissioned to prepare for tile Academy the phlanss
fir tlhe new astronomical observatory, whose erection had long beien before tlie
consideration of that body.
The labors imposed on Dorpat during the years 1820-1830 only stirred the

unwearied sa.vanlt to greater unldert'akigs, and as tie work on tile arc or the
imeridiani drew to a close, Sitruve,i 1830, presented to tile Prince on Lieveiil, he
iniiiister of public instruction, a memoir relative to the possibility of prolonging
this arc northwards through Fitnland. Simultaneously with Struve, General TeIn-
ner liad blen at work to tile southward ; the junction of Tenner's and Struve's
work liad been effected in 1828-1829, affording a meridian arc of 8° 2', wliicll,
b1, the proposed measurement of an arc of 5° 26' in Finland, could lie united to
tlie work of tlie lrenchl astronomers ini Lapland, thus completing an ar:c of 1-.
Thle difficulties to ie encountered in Finland promised toladpromised to be usually great,
,'uit tihe desirabilitv of the work was prolperly represented, and tlie Enl'mlel',rr

j'Nichlolas I granted att once thle sum thought to be sufficient for its completion
within ten Ve'irs.

In the spring of this yeai, and in connection with tihe great undertaking just
mentioned, Struve m'ade his fourth scientific journey, extending it to Englanld,
and ill December visited St. Petersburg, where lie was, in ,January, 1831, lion-
ore(d by at personal interview with tile Emperor-an interview fraught with tlie
happiest Coisequeinces to tle progresss of astronomy in Russia. This was lie
mo)nlunt that lihad long been looked forward to by tlie director of tlie D)orpat
tbliservatorv, whlo had doulitless foreseen tlie inevitable result that would illn due
tlime flow from his :labors, both ats geodesist iand astronomers, during the lprevisll
fifteen years. Striuve'.- admirable tact and tie eloqulence of his earnest sincerity
were ever equal to tie ldemiiiands of tlie occasion, and we cannot do better than qlo, te;
his own account of this interview, at which tile iniister of publlic iinstructinii,
the Prince 'ot Lieveii, was the third person present:
IHaving listened to my report upon the Into scientific( journey, and after having Craciouly

granted aIii increased sum(Itotle observatory of DLrplit, the Emperor condescended to put
to rue the following questions:
"What is your opinion of the observatory of St. Petersburg ?"
I did not hesitate to respond, ill all frankin.ss andi in accordance with the exact Itrotli,

that tile observatory of' tlie Academy did not at all coiirespond to the present dellminls (,f
scieniice, aiil that it partook of tlie nIature of' all tle establishments of its kind placed in thle
midst of'large ciths, Ias those of Vieiin.t, of Berlin, & c., anid even of Paris, where their meridian
instllllnenits ought to be relnoved iinrll tile colossal edilice coiistrucled under tlih reign of
Louis XIV, and bIe played ill modest apartments aIdjaci'it to tlie pinieilpal strtuctuire.

havingii listii'ned to this r.ply, his Maje.sty tladd'lr'ss-d tile minister of' 1iublic instruction,,l,saying thllat lie regarded the establishment of an observatory of the first raniik near to thli
capital as an object of high utility and important to the scientific houor of' Russia.
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The minister did not fail to inform the Emperor that the Academy of Sciences1had for
some years occupied itself with the project of aunw observatory, and that lie lhad only
awaited the completion of the plans and drawings in order to lay them before his Majesty.
ThRlt the Emperor ordered thatthel project should be presented to hitm as soon as it should
have beRn matured. Finally, his Majesty condescended to direct his attention to tlh choice
of the location for the institution to bo erected. Thie minister having mnetioned tllh site to
the north of the city and offered as a gift to tho Academy, the Emperor condescended to
express himself in the following terms:

" Iow 1 The Academy thinks to place the now observatory quite near the city on tile
north side, and upon a sandy and mar.hy soil That is hardly advisable. I woult suggest
ullthllr position. It is upon the heights of Poulkova that the observatory should be placed."
Then his Majesty condescended to address to mle the following words:
"Sir Astronomer, yot perhaps think it strange that the lEmperor should wish to correct

the Academy in a scientiic matter. But do you know Poulkova, and what do you think of
the site?"
My reply was that in 1828, passing for the first time by Poulkova in tho company of tle

Baron von Vrangell, I had been so .struck with its position that I h1ad, as if plrophetically,
exclaimled: " There upon the hill of loulkuva it is that we sht!l one day behold the obseiva-
tury of St. Petersburg."

Such is Struve's graphic account of his first interview with tho Emperor
Nicholas. How rarely does history olfer to us a brighter picture than this in
which the frank and enthusiastic savallt reveals to tie willing monarch tile patl
to honorable glory.
The astronomer returned to Dorpat to find that time endowmentt of his olserv-

atory lnad been largely increased, and thatIle was in a position to undertake still
reatcter labors.
It was in October, 1833, that tleEImperor Nicholas saw fit. to give his definite

orders concerning a new( olservatory. Tlle long nlmatlured plans of Professor
'Parrotandl tile Academy were thereupon presented; these being accepted, their
execution, at an estimated expense of 200,000 silver roubles, was ordered. A
committee, consisting of Messrs. Wisnieflski, Fss, PI'uTot, and Struve, was

appointed by the minister of public instruction (Ouva1rofrf) to study and execute
tile plans approved of by tlie Emperor on the recommendation of the Academy.
It was as well an illmlse of(, ty towardlls his science as of gratitude to his
benefactor, tlat led Struve to rt oxptresl ministerini ist opinion '" that tie pllan
proposed by the Academy alnd given into tile hands of this committee wouhl falil
to realize thehIigh anticipatiotns of their atgust sovereignl" The committee
we're ordered to revise their work; new pl)ltns were matured ; thle details of tlhe
nmtual relations of the prosl)ectivo astronomers of tile institution were discussed
with the Emperor in person ; Admiral Greig, tle founder of tile observatory at

Nicolairsl, was ma11de president of tile comm0llission, and in March, 1'3.1, tlio
gr,(i(nd was occupl)ied for the erection of tile now observatory. ·In tile following
irlmeth Struve, on behalf of the committee, was presented against to the Empileror,
:at11 a second( timellis personal rel)'esentations resltted to tlle advantage of thu
interests of astronomy. After explaining tloe motives that lnad led the com-
milittee to prepallre plans for a far mIore costly observatory than had been lefoIre
cotemlldated, these letter received the imperial sanctions, an11d Struve was ordered
to sulrinlltemndl ill person' the construction of' the necessary instruments.

Ini the following slumnmer a fifth journey into Germany was made oln business,
llic wais specially congenial to Struve. After months of study and discussion

(,o tlie details of tlhe new instruments, Ertel of Munich and( Itep)sold of I11am-
Iurin were intrusted witl their construction, andl they have since proved them-
selves well worthy of their phlces in tlle Central Observatory. Tlle corner-stone
of, tlieIhridiling was laid with (lue forlnality on tlle 3d of July, (Juno 25, 0. S.,)
1S35, and the entire structure progressed slowly butt steadily towards completion.
1i I 1838, on his sixth jlorney, Struve revisited Iamiburg and Munich, examined
]iis new\ instrmlllents, nownearly completely, and, after talking nlilor improve-
Imi.nits, fiially tlappoved them as satisfactory. lie had four years previously bee
directed by the Eimperor to superintend tie construction and equipment of the
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observatory; lie was now chosen by the tAcademy of Sciences and confirmed
by the Emperor as the first director. In tile spring of 1839 he removed his
residence from Dorpat to Poulkova, and on the 19th of August tlie formal
inauguration of the activity of the ol)servatory was celebrated, and those under
whose guidance so complete a success had been attained receiveiS' the well-deserved
congratulations of the Emperor and tile astronomers of his empniire.
Whilst we are thus contemplating the rise of P'oulkova we should not for-

get tlhe importance of thle past ten years in the history of Dorpat. From 1828
to 1831 Struve and Tenner had been engaged in joining their respective meas-
urements of meridian arcs. The description of this operation was published in
1832; tile full account of Struve's work having appeared in 1831 in tlie "Die
Br.eitengradlmessung." The operations in Finland were then taken in hand
and pushed on to their completion in 18144, the diictiulties of thel ground and
thle distraction incident. to tih erection of the Poulkova observatliry having
delayed the work only a very little. Inm 1837 was published in tihe " Mensurw
Micrometricie" tlihe observations on double stars, madlo with the Prauenhofer
refractor, (during the thirteen years that lhad elapsed since its reception in 1824 in
Dorpat. Ill 183:9 appeared the fine volume containing the Dorpat observations
of Valley's comet in 1835. Add to these the regular meridional observations
aind their reductions for the years 1825-184 1, as found published in tlie 6th, 7th,
Sth and 9th volrunes of the Dorpat " Observationes Astronomnice," and we see
that the older observatory was not neglected in the expectation of the new. In
the year 1822 had been inaugurated, as before mentioned, the practice of send-
ing a few military and naval officers to I)Dorpat to study under Struve; his
course of lectures was continued with but lfw interruptions lntil, )by his removal
to P1oulkova, lie was able. to mako that a school of practical astronomy as well
as an observatory.
The history of Dorpat after the inauguration of Poulkova presents several

very interesting chapters; the quiet of the shady walks under her linden groves
was no longer enlivened by tlie activity of the many students whom Struve hiad
gathered, about him, but if the professors missed their brilliant co-worker, or tlhe
social circles missed his numerous family, all were in part reconciled to their loss
by thle presence of his celebrated successor who was called to Doerpat, after some
little delay. In tlie winter of 1865-'66 Professor Maedler retired from his
directorship to find in elaborate historical investigations that rest friomi his exhaust-
ing astronomical labors which flailing sight had forced upon him. Six volumes of
I)orpat observations publlished during the quarter century of his administration
attest tlie activity of tlie observatory, and many investigations into tile orbits
of double stars, as well as those uipon the proper motions of time stars and of our
solar system, show his ability as an astronomer. The present director, Professor
Clausen, and his assistant, Mr. Schwartz, well known by his contributions to tile
geography of Siberia, have added to their other labors a series of observations
with tile Reichenlach meridian circle in accordance with the plan proposed by
Argelander, as a means for comparing the peculiarities of the principal iiistru-
ments and observers of the world.

It has been remarked that after the inauguration of Poulkova it became instead
of Dorpat the school of practical astronomy for Russian officers and scientists.
Of the former over seventy names are recorded during the first twenty-five years
of tlie existence of tihe observatory, all of wiomn have more or less distinguished
themselves by their ability and activity. Of ilussian and foreign professional astro-
nomersaliout forty have within tihe same periodl availed themselves of the privi-
lege of' from one to five years' residence at tills ma'gnilicent institution, of whom
many are already well known in the astronomical world. It was inevitable
that tlie educated geodesists sent out from P'oulkova through tihe leIImgtiuI d
breadth of tlie lRussian dominions should secure for their scientific alima mater
the hoinur and influence that she so richly merited. Struve was pre-eminently an
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utilitarian, and lihe found in this opening field of usefulness tile proper opportu-
nity for fully reimi)ursing tilhe government for tile great expenses attendant upon
the maintenance of tlhe observatory. But thle diversion of the small astronlomi-
cal force of the observatory from scientific investigations to practical applications,
from study to teaching, in thel course of time threatened to seriously interfere
with the attainment of tle first and important aim of the institution. So long as
the extended labors of the Central Observatory were borne by five persons, (tie
director and four adjunct astronomers,) so long must the general progress of tile
observatory work be painfully slow, and tleirc'gent need for makin liprovision
for further assistance, especially in the matter of reductions, became daily more
pressing.

It was in 1856 that the observatory was called upon to lament tlie death of its
founder and friend, Nicholas I, whose name it has since borne, but tile imperial
successor, tlte present Alexander II, failed not to provide b1,omtifilly for tihe
proper maintenance of an institution so useful to the state and so honorable as a
testimonial to the wise munific(nce of his father. Within a year tle nu11111ial
income of tihe observatory was doubled, and the friendly dispositions of tile
department of-war, of tile navy, and of public instruction, were abundantly mllni-
festcd by their respective ministers. Not only were tlhe hitherto meagre salaries
of tlie four astronomers now properly increased, but Iby tlhe addition of two
adjunct astronomers and two permanent computers, as well as by thie ability to
engage temporary assistance, tile effective working force-of the olbservatory was
nearly doubled, and the immediate danger tlat abstract science would be entirely
supplanted b its practical applications was averted.

Thle change in tile relations of tile Central Observatory to the various depart-
imernts of tile civil government which was brought about duringg the succeeding
five years was tlhe inevitable consequence of its active usefulness du'in,, the first
eighteen years of its history. We will briefly consider tile work done at Poul-
kova during this period, though we can scarcely do more tlian enumnerlate tlhe
titles of thle most important of tlie one hundred and fifteen memoirs published by
its astronomers previous to 1858.
The long series of 1)orpat meridian observations extending from 1822 to 18413,

already published in successive voluwnes and in separate treatises, required, inl
Striuve's opinion, a final revision as regards their reductions, and a publication as
one1 work, inasmuch as they had been conducted upone plan and in'ormed coin-
secuti 'tivep options of a symmetrical whole. Thlo original Dorpat records of obser-
vation are still preserved at Poulkova in accordance with the laws regarding
that observatory, and from them were compiled theo resulting cattalogue Stl-
latiim lfixairnmn positions mnedi;e; auctore F. G. W. Strove, iPetroploli, 1852.
Thie following works Itiust be considered as preliminary to this invaluable cata-
ltgue: Tlhe )educiion of the Conistant of Precession, (St. Peters!nirg, 1842,) by
Otto Strilve ; tile Deduction of the Constants of Nutation and Aberration, by
Schidloft'ski, (Dorpat, ) by L dahi, ( hgfrs1811,)elsigfors, 18,)and by Peters,
(St. Peterslburg, 1842.) In comnjmection with thle last named memoir is to ho
placed thle determination by Struve (St. Petersburg, 1843,) of tile constant of aber-
ration front, his own observations made in 1839-1 84.1 with the l'onlkova Repsold
Prime Vertical Tranisit. This last was tlie first important pullicationfof serva-
tios nadle atlP'oulkov'a, and was shortly followed (1844) by Peters's Observa-
tions with tle Ertel Vertical Circle upon tihe 1'olo Star; inl Iotli of which
works tie scientific world f;mund tile proof of the supl)eriority and accuracy of
these new instrumnelits. The first publication (,f observations witll the Merid-
ian Transit is toln(d in Lindhagcn's mmemoir (St. P'etersburg, 184,19) upon the con-
stant of aberration deduced from ol)servations made on thie Polo Star.
. Th.se works of universal interest and im stance,il tic inasmuch as they lav
established the authority of thle so-called "1 Poulkova Constants," now in general
uso among astronomerss% were accompanied by others of similar value ; such wero
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the Revision of the northern heavens for all stars to the eighth magnitude, by Otto
Struve, ill 1841-'42, and the resulting catalogue of 514 new multiple stars, (St.
I'etersburg, 1843;) the publication of Weisse's Reduction of Bessel's Zones,
(St. Petersburg, 184G ;) of Dillen's Reduction of tlhe Konigsberg Declinations,
(St. 1'etersburg, 1849;) of Otto Struve's Revised Catalogue of Double Stars
discovered at Poulkova, (St. Petersburg, 1850;) of Fedorenko's Reduction of
Lahande's Circumnpolar Stars, (St. Petersburg, 1854.)

Andl oo these wo must add certain studies \which are of great interest and
value from their bearing upon subjects of investigation that still elcude our secure
graspp: Strluvo's Etudes d'Astronomic Stellaire, (St. P'etersburg, 1848;) Peters's
Recherches sur la Parallaxe dcs etoilcs fixes, (St. Peterslburr, 1848;) Otto
Struve's Investigations into tile Parallaxes of 1830, Groombridge, (1850;) of
a Lyr1?, (1852;) of a Lvyra and 61 a Cygni, (1854 ;) D)illcn's Criticisl, St.)
Petersbing, 1853 ;) of Wiclllan's Parallax of 1830, Groombridge.
Nor had the'attention of the observatory bloen drawn from the bodies of tho

solar system. In 1843 was published the elaborate memoir on the orbit of tlh
comet of 1839-'40 by Peters and Otto Strvc; in 1849 and 1850 tlio Observa-
tions of teo Satellite of Neptune and Deduction of Neptune's Mass, by Otto and
August Struve; in 1852 Otto Struve's Observations of tio Rings of Saturn, and
in 1854 his Observations of B3iela's Comet; finally, in 1853, by Struve and
Liapounoff; the Reduction of theo orpat Observations of the Sun, Mooin and
Planets.

In practical astronomy thel publication (18145) of the Description of tihe Cen-
tral Observatory had formed a memorable epocll, and tlh annual Russian edition
of thio English Nautical Almanac brought that indispensable work to tilo conve-
nient use of tihe Russian officers.

In geodesy thle expedition of 183S-'41, suggested and planned by Strutvo for
tio determination of tlh difference of level between tlho Black and Caspian Seas,
(St. Petlersbiurg, 1849,) hlad added much to tllo geography of tllat little known
portion of what was thentl R sith R tsia ontier, and gave occasion to Struvo to
make a very valuable contribution to our knowledge of terrestrial refraction;
thie longiitde expeditions to Altona and Greenwich in 1843-'44, land tlhe annual
geographic expeditions into the interior of 1Russia, and especially tlhe steadily
progressing meIasurement of' A grand meridional arc of 25 degrees of latitude,
were continual reminders of the vastness and national importance of tlhe works
undertaken by1 the Central Observatory, and by those who w'ere the co-workers
of iis 1ammiable director.
Nor was the raplid progress of astronomy in Russia unnoticed by' tile astrono-

mers of foreigll countries. Already in 18.10 hltad tlio kindly Schliumacher cele-
brated tile 25thl ye!ar of' their lfien(ldshi)p by a personal visit to Struve, al1d lad
)ornie testimllonyl to tlhe advance that ald )een( realized 1by tlhe estaltlishmnlllt (tf' so

imllerial anl institution; and in 184,2 the King of Prussia, oln beholdling tlo
;plendorll of ]'oulkova, had tihe condescension to promise that iBessel and
Argelander should certainly have opportunities given them to visit this ' Eldo-
radl." It was, however, not until 1853: tlat tli latter was iable to leave
0Bonn and graltlf his lomngrei(lressed desire, andl tll life-long friend of Struvo
could but. say that the half hlad no tbeeltold him. Even from America came
trillbtes to tioflame of l'oilkova ; first, when in 1848 it was visited )by our emi-
nent ()intrymin, whlse impressions as plublishlied inl the North Ameiricani Review
(181!9) rea(lted among us a wide-1spread interest in Strvie and his Central Ob)ser-
\atorly ; and again when visited in 185 1!b tlic late director of tle Ilarvard Col-
lege O(bservatory, to whom, when still at :a distance from St. Peterlsburgl, Struvo
sent a Ilmessalge of welcome.

It was in 1857, whlien tile high rank of P'oulkova in matters pertaining to
astronomy and1 geodesy liadl thus been so fiorcibly demonstrated at Ihome, and so

widely acknowledged abroad, that tile necessity became imperative for a change
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in the relations of tile observatory to the state. In effecting such a change, ono
long previously foreseen by Struve, many dangers were imminent, many obstacles
were to be. overcome. But if tile dircctr at any moment needed counsellors, his
wide acquaintance with and profound knowledge of men secured to him such as
were desirable, awl among them was one whose position as astronomer royal of
England and whose eminent usefulness gave weight to every suggestion.

In 18414 the advanced condition of the work on the Finland prolongation of
the arc of thie meridian had demanded that tile next step, namely, tile prelimi-
naries to its extension tote North C(Jape and to tilhe Danube, should be defin-
itely agreed upon. Struve lihad, therefore, been sent to Stockholm, where an
interview with the Swedish commissioners and a final interview with the King
of Sweden led to a most satisfitactory adjustment of the relations to be borne by
the various parties in thie concluding portion of this extended international work.
On account of the quarantine regulations Struve found it convenient to visit Ger-
many and England in the course of this journey. This visit, in connection with
tlie lonfgitude expedition of tile same year, had opened a most valuablle intercourse
with the observatory at Greenwich, and the personal friendship between Struvo
and Airy was cemented in 184-17, not only during Struve's third visit to England,
(on thle occasion of tlie transportation of one of the bars of the Indian base appa-
ratus.) but still more by Airy's consequent visit to 'ounlkova and his kindly
criticism of thle peculiar features of that observatory. Widely as the latter insti.
tuition diftllred from its English predecessor, they yet lad many conmimon interests.
Central iin its location, honorable in the history of its iisefulness, and peculiarly
favored by the state patronage, thl( position of tile Royal Observatory of Eng-
land was very similar to tliat which Pounlkova now virtually occupied, and it
became Struive's desire to secure more completely for the latter that stability and
unembarrassed independence that had long been enjoyed by Greenwich. Not
only prudential considerations, but also the interests of the many other observa.-
tories in the empire, were a matter of anxiety; possibly a certain clause in tho
original laws regarding tlie Central Observatory, or possibly tile name itself,
Inay sometimes have led similar institutional in Russia to fear lest Poulkova,
overstepping proper pounds, might assume authority over thema; but tile astron-
omers of the imperial establishment. hlad ever labored to dispel any such injuri-
ous illusion. Thie appointment of Strnve by the Imperial Academny, in 1857, to
prepare a new set of laws for tile reorganization of the internal and external
relations of the observatory was tile opportunity by which lie sought to remove
all mnisapprehensioi 'and to realize increased usefulness. Five years, however,
must elapse before the new code of laws could officially go into operation; a

delay whiich while it may have resulted in perfecting the new statutes, was itself
tlhe oseq econsequence of most pailful events.

Hlis exhautistilng labors in connection with tlihe invaluable new catalogue of the
Poulkova library, and tthe publication of the1( Arc du Meridian centre Ie I)an-
ulb et la mer (Gl:ciale, St. Petersbomug, 1860-'61," had necessitated a little
recreation, wlicihl ,trtive found in a short trip in October and November, 1857,
to Germany, .'rancc, Switzerland, and England. This was Struve's eleventh
absence fromRussia, and affrded hiiii thle opportunity of urging tlhe importance
of, and of preparing tile way for, an international measurement o anare oflon-
gitude, inl which work he liad ten years previously enlisted tile active co-opera-
tion oft General Wrontschlienko, then conductillg thle Russian geodetic surveys.
In January, soon after his return to Ploulkova, a severe attack of cancer pros-
trated his strength and necessitated a prolonged absence in thle warmer climates
of southern !Europe. The vice-director, Otto Struve, oiliciated in hiis father's
place until tile return of the latter in August, 1859, and in January, 1862,
Otto Struve succeeded as director of thle observatory upon the resignation of
title former, sinco there no longer appeared reasonable liope of his recovery.
It was thus reserved to the present director, finally, to harmoniously adjust all
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the relations of the observatory, and to realize the ideal clearly conceived by tho
father fifty yea.r' previously.. It was proper that tile son should complete t thoimmortal work of tlie father, hut it is satisfactory to know that Ieire tile dr:.tli
of thie latter he had already ill 18h4, on the occasion of tlih celeblratiom of tliohe
twenty y-fifth anniversary of the inauguration of the observatory, receivedt i:e coln-
gratulations of 1asse5mblcdt astronomers, statesmen, and friends, upontiie siucces'sfl'ul
collmpletion of Ils life-labor, and thie auspicious entrance of tle observatory', upon
its niew career.

Thlie period from 1857 to August 26-14, 1862, marked Ias it was livy li ill-
ness of struve and tile succession of his son, may be c,,ntsidered as a periol of'
tran.-itioni which was terminated on tlie latter date l,;) tile imili'ial apn'oval of
the ncw '' Statutes of tlhe Nicholas Central )iObservatory."
These statutes recognize thele observatory as havnillg bccimne a scicuitific astro-

nomiical. institution of permanent practical importance to the interests of tile
state; and, therefore, thie Academtlv of Sciences, to which lbody it had hlitiierto
lircn directly suil jct, is now, to a great extent, released from tile rcspolisilifitly
of its maintenance and activity. In order to avoid the danger lest tit r..itn-
neous geogr'alphic and geodeticoertictons should intelcrfifct with tlie progress of
scientific investigation,thle working force was further increased by plact.n· at
tle disposal of the director four positions additional to tliose created iin 18s;57,
thus increasing, tile scientific c'lps to thirteenpli'ersons, and a regIulationlicnci1iri ,tg
from each paid astrontom', except tl directorthe dtile'three houts daily of coilalIt:ltinll
on the reduction of current work assures us that the long desired P'oulkova obser'-
vations will hereafter lie rapidly reduced and published.

Ih'le necessity for prompt ness in business matters was of itself' sutflicient to
demand tietie newlv introduced and direct responsibility of the director of the
observatory to tlhe minister of public instruction, thus avoiding. tlic fi'pcuentdelays incident to the previous relations with thile Acadenyi of Scienices. INit
this most radical and beneficial change was accompanied Iby the eqttally wise
interhpositionll of a " committee,) reminding one0 of tilt(b"oI,ard of visitors" fi'
Greenwich, which shioihld annually report to tle minitisterl the condtlitiol f, the
observatory afflitiis, and whoso irccomnltiendation or alll' vig! votce, by1' rva:s5,I of
thile high authority of tile individuals composing this body, " would, at any time,
authorize tilhe observatory to expect govtrnmental support ill its uinderta:kihg."The fifthll article of the lnew laws defining the membership of this c(limmittee reads
inll part as follows:

.Section 5. The committee will be composed of persons who belong to thlsce depaLrtiments on
which the labors of the observatory havo a direct bearing. It consists of the pre.sihtlunt of the
Academy of Scienes. as chauirmnuim; thio president of tlio Imperial Geograplhicval Society;the director of tlie Military Topographical tuireau ; tIhe chift of tihe Niiclolhti Acadeiiiy (t
the G(neral Stall; the president ofl' the lhoorable Naval Board ; theo director i)f tii' llylro-graphical I)Department; tlto permaIent secretary of tOit) Academy o!' ScicincI'; anid ,' ltour
persons who will be annually chosen by the Acaidemy from umotig their active or Ilioiturry
or corresponding members, &c.
On tlie occasion of tile Mav- visitation of this committeet, Il'otlkova it

receives tu1w annual report of thle director. It is by thle orgatiIia'iza :i and active
co-operation of this committee, which is indeed nieatlyv eqiv::.: t to, " board
of collmmissioners,' that tlic Ccnitrial Obse,.rvn'aty niavcxlat.l t.ste.:',iily-advanceit prospe'ity. In it arc represented not oily (he scieviliti. Ac',iemtty, but th.owi
departments of tl(e g'iveri!;ntwhuhich, having an itierecst ill the obsurvatt;'?,have also a common dityto!,,ard it.
Ast, ttle scientific ineinlCers of tleo o,'seirvator'y crpl,'S, We llmust notice: that

the election of thie dii'ectolr bv the Acadetmy of' S,'icicoes and his cii'nlrma-tioin 1,v sl'eciah ittrial l assent, lhe Ilmilnitation of tile foultr senini-r :t.-'troniI'rsbh,. the dilicctoi' ittl their cotnfirmIation lIv tilhe A'alemy, tlihe niititiation of' tite
adjuncts inv tite- direct: iand theirci fitiii atitti 1Iv the minister(0,i ptlllic' int Iruc-
tiut, all colibilie t, give high political authority, to acurcacklnowl.,Ige, Iscien-
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tifle ability, and to insure permanent sta)ility-from all of which there will follow
the most energetic and best directed activity. These precautions, taken to secure
tlic best use of the money appropriated to scientific research, strike one with thIo
more .admiration as existing under a government so autocratic Ias ti ll Russian.
l'hev are idue not only to the wisdom of tihe EmperorAlexanderAleander II, and espe-
cially to his brotlLer the Grand Duke Constantine, butt also to tlie diversity of
the umany interests tliat liad clustered about an astronomical ol)servatory, and to
thle sagacity of Struve and his illustrious successor.

But if we return to tile external scientific relations between Poulkova and
tihe other oblservatories of Russia, we are still more deeply convinced of Struvc's
consummat e ability, inl that lie was able to dispel tile fears which might have
led many to suspect that lihe aimed at a legalized astronomijical autocracv. Per-
Imps tlhe name,11 C.'INTRAL, was unfortunately chosen ; certainly it mlig!ht please
a military monarch better than thle quiet student. But the experiences of others
stood thie astronomer in ,o0(ood stead, and, notwithstanding thle well-meant su,-
gestic.ns,of political friends, lie endeavored to realize tlat which would, in its
moral beauty, cclilpe fhl1 material splendor of Poulkova. '' This oblservitory
will always Ie a central scientific authority, so LONG, ASIsT DESEI:IES TO0 BEl
SUCH," was tlie sentiment on which Struve rightly desired tlie prosperity of
Poullkova to he based. '1he interpretation given by thle Poulkova astronomers
to tlie obnoxious clauses in its former code of laws is found in the following
quotation

It is allowed to thle Central Observatory to apply tihe greater means over which she hus con.
trol to the assistance of the other observatories and tho tlurtherance of thie labors that they
undertake ; and as tliche central institution it imuist strive for thie most successful co-operation
of thie different observatories of the empire. To thiis latter end, however, it possesses no
other nmemns than fratermnl intercourse. ITho use (oftand even the existence of such
intercourse, must remain entirely dependent upon time estimation in which such is held by the
individual directors of other observatories."

Tlis was " co-operattion-not monopoly." As to tile realization of thlies
principles, we may now behold an empire clotted with Imanlly scientific astronom-
ical institutions, harnmoniousl v co-workinlg under the stimulating influence of
EXAM;T'LE. Tle progress of each is tile good of all.
As we perceive the external, wide-spread, national influence of PIoulkova to

be pre-eminintlybeneficial, we are thus prepared for tl harmonyte haron tt exists
within. Ioinor to those whose entire devotiono tlhe solitary studies of the
astronomer has enabled them, during Imanyll years, to labor amicably together,
anlsorbed in tile search for truth father than fame, and imbued with the spirit
of tlie examliple of their revered senior.

()n the 2:3d-llth November 1864, Strumve quietly passed away. His funeral
diseomirse wva:s appropriately based upon the text, '' God is love ; and lie that
dwmeletliL ini love(dwellethi in G(od, and I1e in him." Only stucl a charitable
spirit as lie possessed could ever le admitted withintile little social circle that
co(,stitlmtes the isolated scientif icsociety of the observatory of Poulkova.
We have followed. thie history of tIhe Nicholas Central' Observatory from its

first conception in the mind of Struve to the complete development of theo
clearly (definled ideal througll the imunificence of tlie Ei'mperor Nicholas I and
tile liberal patronage of' his worthy successor, Alexander II. The call of
Struve to the observatory of )orpat 1813 thein1813 th inauguration of the observa-
tory at Poulkova in 18I9, thle permanent organization of 1862, andtih e sub-
seiquent qluarter-century anniversary celeblrationi in 1.861, embrace a space of fifty
ears. In tiLe history of tlie past live years, as recorded in tlie. annual reports of
tihe director, we shall tind amiple testimony to tihe vigor of tIle maturity of thl
observatory. If, turning from tlihe contemplarli ion of its past history, one studies
Poullkova as it is, there is found on every side that which pleases both tile nian
and tile astronomer. Anl honor to the Russian empire, it may well serve as a

study and example to other nations and to other men.
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We shall supplement our rude historical sketch by a few words upon its inner
organization and present scientific activity, but would recommend to all tile
interesting work of Sir Charles Piazzi Smytll, prompted by tile hospitality
extended to himi during his visit to Russia in 1S59.
Among tile marshes at the head of tile Gulf of Finland, and on tile islands

in tile mouth of the river Neva, under tilo GOthI° of north latitude, Peter tlie Great
founded the city of St. Petersburg. A plain surrounds tile city on all sides, but
at various distances to the east and soutl this is bounded by ridges tlat were
once tile shores of tile gulf, when its waters covered tle site of thle northern
capital; beyond these the elevated talle lands of tli rolling steppes begin.
Directly south of tlh city tioh plain is limited by a moderate elevation, "tlhe
mountain Poulkova," a lill laid out by Catherine for a pleasure garden, blut chosen
long before her time by Peter as a favorite resort wllilst fighting the Swedes
andl building up St. Petersburg. Tlhe great military road southward from St.
Petersburg to Warsaw, bending as its course strikes the steep northern face of
tlie ridge sends a branch off to tile southeastward to Tsarskoe-Selo, but itself
half encircling tlio hill Poulkova, continues onward until lost to tile sight behind
other ridges hfr to the southward. A village of peasants, formerly imperial
serfs, sheltered from tile violent westerly gales, has clustered along tile roadside,
and has given its name to the hill. On tio northeast outskirts of the village, and
not a mile distant from tile observatory, the centre of attraction, we find a
favorite spot, whence we behold at once tlhe full beauty of tile observatory hill.
Looking to the southwest, we see at first only tlhe log-houses and fruit gardens
of tile villagers, whilst beyond a wild forest covers the mountain. But at more
careful scrutiny converts the forest into a semi-artificial grove, "'the little Switzer-
land" of the Poulkovites covering the abrupt northern slope of the declivity.Thie curving and ascending Warsaw road bounds our diminutive forest on tleo
side nearer to us; on the roadside nestling amidst the green trees of the observa-
tory park is a white-arched porch, covering a far-famed spring. A little further
l)p, and to tile left is the dwelling of tle former observatory mechanician, whilst
very far behind it one sees a tall geodetic signal. Behind tlhe grove peeps out the
tastefll little observatory of the officers of tleo military academy; then tile greenlawn spreads out in front of the imperial establishment, whose three turretted
domes crown tleo hill.

Tlloso three domes even from a great distance are noticeable features in tlhe
landscape. Let us leave St. Petersburg by tile broad "Tsarskoe-Selo avenue,"and long before entering upon tile Warsaw road, even before passing under tlhe
triumphal arch,l if we look directly south we may see between its pillars tile long
str'ighlt road, the Poulkova hill and tlie domes ten miles distant. The middle
and largest dome appears connected with the macadamized road by a narrow
line, but our swift troika soon brings us near enough to perceive that the line
is a footpath leading straight up the hill dividing tihe green forest of our little
Switzerland into equal portions on the right hand and on the left. Only tile
mlonotony of tle surrounding plains can justify our comparison with Alpine
scenery, as we readily acknowledge when having ascended to the topmost step
of tlhe ootpath, we learn that the village behind is scarcely 100 feet below us.
Behind us is the long road, with its double row of lindens, and St. Petersburgin tle distance; before us is a grassy lawn of ton acres, and beyond that tho
observatory. Our path leads without turning straight through an avenue of
lindens, and between fragrant flower beds up to the dorin columns of the ves-
tibule. A shaded path to the left takes us behind ancient elms to the obser-
vatory of the military academy; one to the right brings us through a charminggrove of evergreens to the "Peter's stone" and the tall signal. The Russian
architects well understand the use of colors in relieving the monotony of a wintrysnow-covered landscape; we have before us on either hand the deep red-brick
dwellings, flanked by evergreens and birches, and enclosing the observatory,
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whose brown woodwork and cream-colored stucco resting upon light sandstone
foundations, contrast as beautifully with Janunary's snows as with the fresh
green of Tune. One should visit the Peter's stone and thle quiet grave-yard, and
linger in this beautiful park before entering the observatory. Under tlle noble
elms tlhe village peasants spend many a summer holiday; here travellers stop to
rest and lum'lh, and enjoy tlle view, and of a pleasant afternoon the observatory
families may be seen dining'rand chattimn over cotfee or tea-all enjoying the
luxury of that open air life that EIuropiis:, Iand especially thie Germans, indulge
in so heartily.

Struve's appreciation of tile beautiful is seen not oely at every st.-p of our
walk through the grounds andl( in the exterior of tile buildings, but as plleasantly
impresses one on entering within. Whether we consider tlie director's cosy
study or the elegant proportions of tile airy observing.g rooms; whether we visit
the magnificent library or the uniiiue portrait gallery of the central rotunda;
or stlud thlie details of thie instruments, or tlhe methods of using them, everVy
where is appropriate symmetry, harmony and hIeauty. IBut leaving for tlie present
tlie material structure, every detail of which is so minutely recorded in Struve's
"l)escription de l'Observatoire," let us first consider that which is of prime
importance to the interests of science.
Tel irner organization of any institution should depend not only upon tlih

nature of tlie material, Nut equally upo11) tile condlitionls and nature of tile work
to ble p'erfoirmed. 'Thle variety of the demands made upon the Rloyal Observatory
at (;reeniwich, anid the imlerlative call for daily and animal results, as well as theo
singleness of the object kept in view, have necessitated a simplified daily routine,
and aregulated organization of all the working forces ; so that the director
holds in Ilis hand i control over the minutest retail of operations; only thus could
lldemands be met with unfailing regularity. At Paris, hut only to a slight

extent at Washinglton, a similar course has been imposed. The value of tlhe
regular annual publication of reduced observations is seen. not only in thle useful-
ne::s of these larger o})bserva\tories, but also in that of smaller ones, such as those
at Berlin, K6onigsberg, Brussels, D)orpat, Oxford, Edinburg, Madras, &c., and
tlie arrangement by which Poulkova could have published annual volumes ,of
results, would perhaps have been efllflted by Struve, had not his small force
and thlie diversion of their labors into various channels hindered tlhe execution of
this portion of tlie duties of tlihe institution, until it became apparent that the
observations could only be l)properly published when the distinct work to which
they belonged should be completed, and when tile diverse parts of each could
)be framed intto an individual consistent whole.

'lPihs there camIe to be impressed more and more deeply upon the observatory a

prominent trait in Striuive'sown character, who working always with energies con-
centrated upon tlhe matter in land, preferred, if possible, to bring each special work
to a speedy conclusion, that it might 1)e given to tle worldd , arranged as a syste-
matic treatise or investigation. "A definite aim being presented, its attainmennt
should m'ark the lpropler time for publication." Thils principle is not entirely
inconsistent with the custom of annually publishing the various successive por-
tions of tile work ill hand ; indeed, even the publication of unreduced observa-
tions is valuable), both as making them accessible, and as an evidence of life and
activity. But loving, as Struve did, general and comprehensive views, and
believing that the advance of astronomy was marked 1by investiatgatios and
memoirs, and not )by observations alone, being measured by generations of men,
and not by single years, this publication of annual fragments seemed only a

deceitful appearance of progress and advancing knowledge; tile preliminary
results to be expected from his new instruments, even if desired as being in their
crudeness better than theo most of thoso accessible to astronomers, ought to io,
withheld until, after severe investigation, they could beo presented to the world as

the best results the instruments could yield. This train of thought and tho
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similar course pursued 5' tle early history of many obsenratories, (of which
Greenwich was itself u notable examplee) decided Struve to seek, usetflness to
a future generation, ratlher than to tle immediate present, andl not to or.alnize a
mechanical olservatory, deficient in intelligence, and progressing only witl the
progress of tile science, but rather to developallivingg institutionn" an associa-
titon of astronomers, desirous like himself 1y their own lal)ors to lead on in
promoting the progress of their science.

T'lIe wide field in which these Ploulkova astronomers should pirsiue tleir inde-
pendent yet correlated investigations is indicated in tlhe following article of the
statutes of 1862:

S. 2. The establishment of lho Nicholas Central Observatory has for its object:
n. The uninterrupted prosecution of observations nud works tor tlhe promotion of astronomy

as a science.
b. The improvement of practical astronomy in its application to geography anld naviga-

lion, the execution of observations in the interest of the astronomical andl geographical labols
Fystematically undertaken by the different departments of tile empire, tlhe connection ot these
labors with each other, and tleir scientific assistance.

c. To assist other Russian observatories in the attainment of a more successful prosecu-
tion of astronomy.

il. To offer to tlhe officers of tbhe general staff of tlle topograpllical corps and of tllhe navy,
as also to other young scientists the opportitlity of perfecting themselves inl p)rlctical astro-iuniy, and its application to geography and geodesy.
To tile attainment of tlese objects this institution freely opens to tlose young

astronomers who have resided at Poulkova as guest-stludents, 'as well as to those
wllo are its permanent officers, the use of the rich material of instruments, olbser-
rations, and books in its possession. As to tle relations witl other similar estab-
lishments in Russia, their annual reports show how frequently in tlhe details of
their equipment and work they are arranged in accordance witll tile sutllggtions
emaiamting fiom the Cenltral Observatory. In matters pertaining to tlle ai)lica-
tions of astronomy to (geo.rapllh there is an especial activity not only in that
live or ten officers of the general stlaf hereir')sueI their two years'llractica:lcourse
tluder the directions of Mr. IDollen, but also in tliht tile plans fbor geogralhical
cxpleditions and tlec working up of' the results are generally mIllre (or less con-
filted to him. As to tle astronlomlical investigate ons carried oil at tile observ'atol'y
r''oer, although all are engaged therein, yet tleso are especially expected from

tih senior.and adjunct astronomers, who Iflrm, as was Strulve's desire, ln asso.eia-
tii;l whose meters labories individually r hiie promotion ot' their science. Thl
chl 'ice of the senior astronomers takes )lace according too lhe I'ollowing article
ofi tile statutes:
f 19. Thel senior astronomers of llthe observatory must be chosen from among men ofacknowl-

rirlcd ability in tihe department of astronomy. Unto them bylprfilrerence will be intrusted
I tlhe director the execution of all the works to be uIndertalkn tfr the attainment of tho
objects of thle observatory, mentioned in 62. Thlo choice of a candidate for tile occupancy
of a vacancy in ofno these positions is thle duty of the director. lie proposes tlie chosen
cilm:idate to the Academy ol'Science, which lbody, when it by ballot liihs approved the choice,
on it.s part presents the same to the iniister of public instruction for colihrmatioln.

It follows from tile precautionary process this enjoined that tlhe four senior
:.'tl:rollllrs (one of'w\hom1 is also the vice-director) are but inconsiderably infie-
lirl to tlle director in experience ill their professioIn, and form an pi'lerlmanent
cz 'iiici l, whose valuable suggestions always have weight in tihe cond(iuct of scientific
atItIlirs.

eBsid(es tile preceding lpermanentt members of tlhe astronomical corps, the third
mtiCde allows two adjunct astronomers and two permanent comply terms. Thus ftr
lhe observatory lias been, and probably it always will be, successful in securilng for

lithes positions young men of promising ability. Indeed, although no systemli of
Ipromlltilon is officially recognized, yet it will generally happen that the director
uvil I be ablle to fill these positions firomi among tile numelrouls youmgIr lmenl who 1have
resided at the observatory, and similarly to find among the adjunct astronomers
those well qualificed to become seniors; 'this is evidently peculiarly desirable in
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an institution that differs in niuny details from others now existing, and con-
tributes not a- little to the consistency of tile steady progress that experience
secures. On the other hand, tile fact is never lost sight of that very often profit-
able suggestions and the infusion of new life are to be expected from the intro.
duction of anl entire stranger into the observatory corps; thus tle whole institution
preserves its cosmopolitan character and is kept from becoming antiquated.
To tile nine Imembers of tlie permanent scientific corps arc to be added tho

younger persons, not military otlicers, who seek a residence at. Poulkova, as
allowe(l ly §§ 27, .8, 29), 30, for their own advantage; generally these inevita-
bly contriilute something to tle furtherance of the scientific work of the observ-
atory, whilst receiving from it tile treatment of guests. Thel new statutes allow
the director to give these young men at position and rank as civilians serving tlio
observatory, but not in the service of tile state; tlus they ynybe properly
considered as stlpernumerary astronolfers, who,Ihowever, enjoy some of tle lriv-
ileges of such as are permanently in tlie state service, which is no mean advan-
tage itlthe autocratic Russian empire. Although tlleso are at liberty to devote
their whole time to their own studies, they yet generally clooso to contribute
several hours daily to tile regular work of the observatory, receiving a small
compensation therefore. As thereare often fonr such supernumerary astronomers,
we may consider the effective scientific force to number thirteen persons.
The young officers of the military and naval schools who receive their instruc-

tion from Mr. D1ilen, as they do not dwell on the observatory grounds and
only rarely take part in its geographical work until after their graduation, are
not to be considered as attached to the observatory.
To the preceding general outline of tel officers of teo institution let us add

tle names of those wlio were, in 1866, attached to the observatory:
Iis Excellency Otto Struve, director; A. Wagner, senior astronomer and vice-

director; IV. IGDlen, senior astronomer; II. Gyld6n, senior astronomer; P.
Smnysslol', adjunct astronomer; A. liortazzi, adjunct astronomer; C. Linnsser,
computer; II. Fritsche, computer; Messrs. V. Fuss, A. Gronadski, G. Berg, and
(A.Abbe, supernumerary astronomers.
At present, o ,how r, several changes are noticed since Colonel Smyssloff

has. accepted the directorship of tie Wilna observatory, and Mr. Berg is his
assistant. Mr. Fuss has been made adjunct astronomer. .PM.Fritselo has
becoeno the director of tlhe magnetic observatory at Pekin, Mr. Knorre, of Berlin,
fills his place.
To tlie preceding officers should be added the secretary, the mechanician, the

intendent, and the Iphysician; all of whom, with their families and tile soldiers
assigned to duty at the observatory, constitute a colony of an hundred and twenty
souls or more.
The members of tlhe scientific corps have been spoken of as the colleagues

of the director, and the genial spirit infused by Strluv will always retain to
them that pleasant relationship; but a great power must needs be vested in the
hands of tlie superior, not only in order to preserve harmony of action, but
also because of the responsibilities imposed on the director. 'The tenth article of
the statutes defines the duties of thlo director as follows:

SEC. 10. Tho principal aiml of the director is to direct all the forces and means of the
observatory to the successful accomplishments of the objects of this institution, detailed in
section two. Ilo must, therefore, see that astronomical observations of the highest perfe~
tion be conducted uninterruptedly, and that the instruments used to this end always corre-

spend to the actual demands of science. As innmmediate chief of the observatory and of the
persons stationed there, he conducts the works that are to be executed, allots them, and
himself takes part in them.
As it was thus the pleasure of the elder Struve, so is it still the privilege of

his successor, to realize that " the activity of the entire institution concentrates
in hin ;" whilst as its head lho skilfully controls the moulding of the independent
works of his colleagues into one united effort for the advancement of their sciena

384
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Thile activity of the Central Observatory has doubtless suffered somewhat from

tile restricted communication between Poulkova and the neighboring cities, St.
Petersburg and Tsarskoe-Selo. For, however much this isolation favors tile
mldisturlbed prosecution of observations and study, it imposes a dreaded monot-
tony iupon tlie lives of tile non-aistronomical liportion of the community, from the
effects ,,f which tile astronomers themselves cannot be entirely free. To coun-
teract tleo influence of this sameness--so prejudicial to mental and physical
health and so detrimental to the harmony of society-requires tile constant
tellntion tf each individual living at tile observatory. It will thus be easily

understood thtthatte personal exanllhle and -the influence of the director as a man,
nit, less that his experience as asnastronomer, tire needed in order to secure the
lihappiest working of all tle' parts. Possibly tie sameness of the social circle
exa-ggerates tlhe influence of the monotony of tile astronomical work, for there is
in Ploulkova no rotation of duties, such as in some oiler observatories afolrds a
slight relief' to tile members of tile corps.

It was in accordance with Struve's foresight that tile efforts of tlhe observatory
to realize its general object, "tile advancement of astronomy as a science,"
shieldile pr'inciplily confined to stellar astronomy, and that to each astronomer
should be assigned the instruments needed for the work undertaken by him,
aidl ;fo whose execution lie is responsible, thus reversing a very common prac-
tice of assigning the observer to an instr ent. The description of tinnt.tin f t istru-
ients and thie mode of using them may be found fully given in tle well known
" description de l'observatoire." Thle following condensed notice of thle progress
of lthe works there indicated as having been biefgini will perhaps have interest.
The Great Icf'actfor, made by Prauenhofemr, ill tile central dome, has, since its

erCection, bIeen used principally by tile present director. The general survey in
1811 of tile northern heavens, requiring thle examination of 17,000 stars, and
pleading to tihe discovery of nearly :500 new double stars, lhas been already mien-
tified. Up to tile present time nmicromletric. observations of relative positions
have IbeImenmade upon 1,200 double stars, which will probably lie published ill
I,:69 iln all their details. Struve's method of obl)serving position angles, i. %.,
Vhy Ilacing thie two parallel threads of his micrometer so that tihe space included
between them is bisected by a line joining the two stars, leads probably to the
interesting systematic errors in ,observed angles of position, inivestigatedl by him
in I'Y53-'a6D,an again in 186ii, ly observations upon artificial double stars.
Iit thie latter year an investigation was also made of tile errors of' estimated
small distances, and a simplle systematic correction deduced, by which these
become as vat'luable as actual measmu'emnents withlithe miciolneter. Nine opticallydouble stars have been mmade the subjects of' special investigations for'relative
parallax. 'I'lie. determinations of relative positionscomesof and faint coin-
parison stars have next chiilied attelntinm. Thile seri('s ulpo the Biela:'s, Ilaye's,
and I)oati's comets, and those of 1861 and 1865-'i(i, are to be specially men-

tioled,:as also the fruitless search after liela's comet at its late predicted return.
The o11bser'vations of Neptune's satellite and thle determination of the planets'
mass have been already mentioned ; a large numbmler of observations upon their
attellitcs of Uranums and Neptune still await publication. The occuiltations of the
Pleiades, in which a dozen observers sometimes combine, have been regularlycontinued. Thie study of Satur'n's rings and of' tli great nelmla in Oriion have:
also claimed attention whenever circImstances have onsIl)ired to favor the pros-(,ecutiofn of these very delicate observations. Theresultss ahead attained, and
their comalI.'ison with those of the Bonds at Camlbr'idge, are already will known
to thle worl. The instrumental changes made in tlle great refractor have bieen
quite insignificant; biut on account of increasing unsteadiness in the parallactic
movement thie director has proposed to replace the clock-work iby some o1ne of
tile improved miechanisnis now made. This will become tile morenenecessary in

2.5 s
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order to prosecute telescopic spectrum investigations, the apparatus for which
was received in 1866 from Donati.
The Heltiometer, made by Merz and Mahler, in the eastern dome, for want of

an observer could not be brought into continuous use until quite recently. Not
only was this delay caused by tile necessity of making several much-needed
instrumental changes tending to convenience of use and accuracy of results, but
it was also best to await tliohe result of tihe fiirther experience of Bcssel, Wich.
iuan and Johnson, before deciding to trust so complicated an instrument in
delicate investigations. Possibly Dr. Auwtr's study in 1861SG 62 of the hielionme-
ter used by Bessel confirmed tile decision to use tihe Poulkova instrument for
other purposes than that for which it was originally intended ; and certainly the
reported valuable results recently obtained by Rutherford in stellar photography
assure us that probably this method will advantageously replace tile heliometric
for tlhe measurement of large relative distances. From 1858 to 1864 this tele-
scope lias been used by Dr. Winnecke in photometrical measurements and in
observations upon the several conlmets, as also upon tlie conjunction of Venus andi
Jupiter in 1859. Since 1864 Mr. Fritscheo has made use of it in the observa-
tions of several asteroids.

Thle Small IJiraclor, made lby Baader, in tlhe western dome, lhas b)ee prinici-
pally used in tlihe observation of comets, asteroids, and occultations.
The Prime Vertical Transit, made by Repsold, in the south wing, was used until

tlhe end of 1842 by Struve himself on the series for the determination (of tlhe
constant of aberration. Seven stars were observed upon at tile periods of maxi-
mum and minimum influence of aberration land parallax, and the results are pub-
lished in his well-known memoir. Ob()servations oin tree of these stars were con-
tinued for the determinationof the constant of nutation ; the series being inter-
rupted in 1856 by Struve's illness, was continued by Otto Struve, anid will pro-
bably be soon pullishled. In 1861-'63 this instrument was usedliv Lieutenant

oinom, (inow director of the Royal Observatory at. Lisb)on,) in determining tlhe
zenith distance of about 80 stars whose declinations are between 57°' 46' and
59°/6O, each star being observed at least four times. After te determination of
aberration and nutation, tihe proper use of this instrument is found in the inves-
tigation of absolute amnuual parallax ; accordingly, in 1866 it was used ill tihe
determination of tile relative declinations of certain double stars as preparatoiry
to an extended series in wiich the subjects of relative and absolute parallax,
aberration and periodicity of latitude should be simultaneously investigated.
To tile Meridian Circde, made by Repsold, in tile east room, was assigned tIl0

ol(servations for a catalogue of 31,,'5.5 stars, including all of tlhe sixth magnitude
north of 15° of south declination. This work was begun in 1841 ly Satbler,
and continued by himuntil 1854, assisted in the interval-1844 and 18419-by
Dollen. In the years 1853-'5(; Sabler and Lindliagen were occupied ill obser-
vatiomis of the comparison stars of' lfiela's comet. T'lie catalogue work was con-

tinned by Wimiecke from 1858 until 1864 ; in 1866 its furthercontinuation was

assigned to Mr. Gromadski, whose diligence in filling up tlie many gaps cauioed by
the uitfavo,radle weather of thle winter months aind the twiliallght of tihe stiuimher,
authorize the Ibelief that the completiotm ol tile series is soon to be looked for.
Thio umunber of stars tliat will have bieen observed with thle meridian circle will
be greater )by 1,500 than that of tlihe catalogue originally contemplated ; tIhe
reduction of thisserisseries ofofobservations hlas been delayed more than that of any
other undertaken by tlie oliservatory. It is intended that each star shall lie
observed ill the two positions of the circles and of tile interchangeable ocular
and objective. The publ ished results of Salier's and Li,dhagen's olbservatiomns,
.as given inl Goull's Astronomical .Journal, and those of Winnecke umatde at
the opposition of Mars in 15862, give assurance of thi high value that. the cata-
logue will have wheel pIublished. With this instrulienlt will be mado tlime detcr-
.mninations of tilhe positions of tile 500 stars to be used as fundamentals in the
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new review of the heavens lately undertaken by tile German Astirnomical Asso.
citation.
The spirit of investigation inculcated by Stnrve asks for the simplest instnl-

ments and the smallest ones consistent with optical power, and demands tile
most lal)orious watchfulness over tlhe instrumental errors, togetliher with such
a svnmietrical arrangement of the observations as to necessitate only tile simplest
possible assumptions with regard to the unknown or suspected sources of error.
These principles have possibly increased tile labor and somewhat retarded the
completion of the work assigned to tile meridian circle, but have lihad a still more
decided influence upon tihe progress of tlhe work undertaken witl the two prin-
cipal meridian instruments. These stand in tihe west room, and some of tlhe
results attained by them are already known through tlie memoirs of Lindhagen
and Peters.
The Vertical C6'ircle, made by Ertel, standing on thl west side of the observing

rooim, was used )by Peters until 18,19, iu observations for latitude and tlhe declina-
tions of about. 350 brightstars. The determination of latitude has been already
published in a memoir previously cited, as also lhas been the special series inl whici
the absolute parallaxesof thle stars Polaris, a Aurigma, e Ursae.Majoris, Groombhridge,
1830, a Bootis, a Lynr, a Cygni, 61 Cygni, were investigated. Dr. Gyldn's
refraction talles for Ioulkova, deduced froml'eters's observations, were pul)-
lished in 186l5; tie entire series of observations previous to 18419 will probably
bo ,llulished within three years as a complete work, although tlhe places of a
nun,)er of stars in tle original catalogue remain undetennined. From 1849 to
1Si63 tilhe vertical circle was used by Dillen principally for observations of the
sun, and ill determinations of thle declinations of stars used in th(e geodesic work (if
the Russian surveys. Since 1863 )Dr. Gyhldni has with this instruminent directed his
attention towards tlhe standard stars tof the Berlin and British almanacs ; some
observations uipoln Venus, mado at, her superior conjunction inl 1865, are valuable
as allording strong negative testimony on tlhe question of thle solar atmosphere;
celiully interestifIg are thle thoroughly investigations made into the errors of the
meteorological instruments used inl collection within tle vertical circle, and into
the law of thle decrease of temperature with increasing altitude above tile earth's
surface.
The Principal MAeridian 'Transi, made by Ertel, at thle east end of tile west

observing roomm, was designed, in connection with tlie Kessel normal clock, not
oIvly to give tilte time to the re.-st of thle o servatry, 1,Iut also for tlie determination
of' the absolute right ascensioins of some 300o fundamental stars; thllis latter ni-
iher w.s increased to .100, and the prescriIied seriesolf observationls was sulbstan-
tiailly finished inl 1853. A preliminary series specially directed to thlie circilnpo-
lar stars had Ibeen made Ibv Peters in IS.410. New piers having b1ten provided,
the two meridian' Imarks established, and the normal cl,,ckreceived, olservatiuins
oil the indtlnamental catalogue were 1vegunhISbichwveizer and continued !)v hiii
from 184,12 to 1,84,4 ; bivy liss from 18 .14 to 18.147; by Lindhagen from 1 847 to
18,50; )by Wagner from 1850 to 1857. Ili 1855 and 185(6 the transit was
ltud byli unlelof in determining tlie right. asceinsions of stars used ill tie lon-
ginih:leexpeditions. Inl 1860 t1h instil uiient was given into tlhe hands of Mr.
Brlier, thle successor of 'ohrt as tie oblservatory instrument maker; several
chainges, including tihe regrindiing of tlie pivots, were tien made, iand ill 1865 tlie
objective was rmouinted upon threei pointss in order il possible to; securegre ater
constancy in the collimation error. Since 1860 tlie rtdetermiinatioun oif thlie 400
fundamental right ascensions lihas been underitaken by Wagner, and the series
will prolhally be completed beforee 1870. '1'lihe reduction of tlhe observations
I)treviois toL1 53, and lite colmpillation of thie' resulting catalogue, are now finiishied(
their pillication mlay lie looked for iii tli)present year. The reduction of the
second series(tmadee with tile transit since its improvement )by Mr. Brauer, and
recorded chronographically) progresses with tile observations.
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The reduction of the " eye and ear" observations having shown that the
HIouth-Wetzer clock in the vest room, and thie Kessel's normal clock originally
placed in tlie central rotunda, were aflfected 1)y the unavoidable changes of temper-
ature, tlhe former was replaced in 1861 by a dial connected by electricity with tlhe
normal clock, thus avoiding the laborious comparisons by chronometer that had
been until that time carrTied on daily. Ill order to secure a still moro uniform
temperature tihe normal clock was then placed in anin an inner vault underneath tlie
rotunda, where the daily thermometric term in the clock rate is quite impercep-
tible. Since 1862 thle observations have been recorded upon a Krille's chrono-
graph, which stands in a warmed room adjacent to the observing room, anld differs
I'r,,m those in common use in America principally in that thle observer's pen is
independent of the neighboring clock pen, and in having at very convenient
arrangement ,y which the observer at tile transit can at will stop tlhe revolving
cylinder or setit in motion again. 'The clock automatic circuit-breaker is that
of Krille. It consists of a thin vertical slip of mica at thle extremity of a short
armi attached at right anglles to tile clipper portion of tlie plendIlull, and in the ilano
of vibration ; at every second the mica cuts through at small horizontal thread
lif mercury through which the electric current is askingg. Thle Muston mean time
clock was in 1866 connected with tlhe central telegraph station in St. Peters-
burg, and regulates several sympathetic clocks. A noonday sigiial is also auto-
matically given.

Theli exquisite small 2lcridian Trmnsil, made by BruIier, and now found in an

appropriate building southwest of the larger observatory, was used in the longi-
tude expeditions to l)orpat, Moscow, &c., and has been employed by Fritscho
in tlihe series of lunar observations recently ,blished lby him in the Bulletin of
tlhe St. Petersburg Academy. A mIate tothis fine1 instrument is to ieo found at
tile naval observatory at Cronstadt. Tlie five-inch Steinhell objective, mounted
in 1866 piarallactically in thle east dome of tile small auxiliary ohservatory erected
in 1863, 100 yards south of thie principal one, is intended to be used by
Wagner ill an investigation into thle relative parallaxes of some of the brighter
stars. Thle evidences of tihe extraordinary aaccu'lacy attained with thle Meridian
Transit are such ats to justily the expectation tialt very decisive results will enisuie
from this renewal of tihe method so lately applied ,by Auwers to the determiina-
tion of tle parallax of 31 (Groombridge.
The celestial photomietry which lias remained until lately in so crude a state,

thanks to time labors of Steinheil, Seeh'el, and ZWllner, promises in futmire to rank
as an exact science. An ingenious Photomc'tr, invented and made by Professor
Schwerd, of SJ)eyer, was imiiio(ted in 1 ((66 1by Messrs. Smy'sloll' and Berg in tilhe
west dome of tlie a1ixilliary olseirvator'y, adl otlfkrs i fine opportunity o research
il ita field that lias a1s yet ieen buit too little cultivated.A. mate to thistmiquei
instrument has been ordered for tihe observatory of Bonln bIy Prolfessor Arge-
hinder, who has signified his intention of, devoting his ft'uture years to its use.

A little to thlie northeast of the central building is tho convenient and tastefull
observatory erected at tlie expliense of' tlli( military IaIc:lemy, and furnisihed witli
a clock, a fixed transit, and veryman.'y portable ilnstrmncents, together with very
convenient arrangements for their use. This structtire, completed in 1857, is of
course exclusively for tlie use ofi' the officers iof the geodetic division of the Nicolas
Military Academy wlhilst pursuing at P'ouilkova their course in practical astron-
omy. Amniong tlie works executed by these officers under1)illei)s's dire('tioms a r

several whose results may ie looked l'or with general interest, such as tlhe twelve
repetitions o(f the measurement riia short base line, ill tile year 1805, and tihe
observations made in 1866 for the ilmvestigrationi of the local attraction of the
pl)mbll) e in the neiglm)orhood of IPouikova.

In recounting the larger fixed illstrumeints of the Central Observatory, we must
not omit a few words concerning tlie smlluler portable ones, of which tile insti-
tution possesses several line specimens of tlhe best workmanship of Ertel, the
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Repsolds, Braeur and others. These have found their most frequent use in con-
nection with tlhe geographic and geodetic labors conducted by its astronomers,
of which we shall only mention tlie two grand international undertakings that
have not as yet been surpassed inl their magnitude-we refer to the measure-
ment of an arc of latitude of' 250, and one of longitude of 69°. The former we
have already frequently mentioned as being a work intimately connected with
the foundation and the history of the first 25 years of tlo observatory's exist-
ence. 'Thle preliminary steps for continuing this work ten degrees further south-
wvard to the island of Crete are now being taken. To this meridian measure-
ment that of an arc of lotngitude naltirally forced itself uponl Struve's attention
as a necessary supplemental undertaking, and c had already, in 1848, prepared
tlhe way by enlisting tile interests of' eneral WMrontscheniko, then engaged in
the tri:nguhlation of the southern part' of Russia. This original project of a
measurement alung the 47th parallel, as proposed by Struve inl 1857, having
failed of execution, Otto Struve in 1860 proposed tlie measurement of an arc
fioin Valentia, in Ireland, eastward to Orsk, at tlie southern end of tlio Ural
nmoiuntains. This work will Ibe Irought to a close this present summner-tlie future
further prolongation of tile line through Narvaul and 1rkutsk to Nicolaieff may be
confidently expected. The RJ'epsohl Po'ltable Verical Circle lihas been used in the
latitude determinations on this lmeasulremenll t of alln arc of longitude; the BLrauer.
Plorable Elrh(t-meridliold T'ransif lhas been adopted for the telegraphic longitude
determinations, all of the latter being made aby two observers, Dr. Thiele of
Bonn and Captain ,Jalinski of Poulkova. The i instruments, as well as the observ-
ers, exchange places during the season's work. We may, then, soon expect from
this grand operation valuable additions to our knowledge of' tlhe curvature of
tlhe European portion of tile earth's surface. The portable instruments alluded
to merit more than a passing allusion. The Repsold Circle has been made the
subject of an elaborate monograph by Smyssloll; a short notice of its construe-
liun and performance will be fmund in Silliman's American Journal for 1867.
T'le IBraner's Transit lias not as yet been similarlylbronight to public notice ; this
is owing to the fact that the few (six) that have been made by Brauer have been
in continual use since they left his lands bllut it is promised that this neglect
shall lbe remedied ere long. These instruments, constructed at PIoul:twvat at
Diillen's suggestion, are specially adated to use out of the Meridi'',. J,: which
lpiu'rpose nothing can be desired more convenient tian thile form le: g;cm' iy Dillen
in his memoir entitled "Die Leitbestinmmung," &c., "'The determination of the
time Iby means of. a portable transit instrument establlished in tle vertical of tlie
',le Star. St. Petersburg, 1863."
In connection will geodesy we'must not omnit to notice thie llas-Cmeasur'inf

Appliitratus used in Struive's work, and now generally adopted by tihe Russian
g'cuodesists. This iss distinguished by its simplicity and the Fhcility will which it
is used. Each piece is a plain bar of iron furnished at one end with a touch lever
and enclosed in at packing of cotton within its wooden case; two interior ther-
roometers and at reversible e level complete alieapplratus. With such means the
rapidity and ease with which at base is measured compares favorably with that
attained in other comitries, aid(l tile accitatey of' tie results have never as et,y we
tblieve, been called ill question. Onte of tile most interesting operations per-
fourmed in connection with this base apparata1s was tlie colmliparison-with specimen
liars used ill other countries. This \ork, conducted during tlhe interval 1850-54,
bas only Ibeen surpassed in magnitude by the mnore recent comparisons made at
Southampton.
Among th,e geoldetic aplparatus worthy of special mention is thie IPendulum Appa-

'raltus made by tlie Ilepsolds for the Central Observatory, and used sincei1864 Iby
I'rofesso' wiawitscli, wlio proposes to visit all thie stations of tlie 1usso-Scandi-
nq'iviam meridian arc. 'I'This apparatus may b!e defined as Bessel's symmetrical
prmdulum with reciprocal axes, being constructed according to the views of that
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eminent astronomer as gathered from his well-known memoirs and his postlhumous
papers, published in the Astronomislhe Nachrichten, volume xxx. in this con-
struction wo find the effect of atmospheric resistance reduced to a mnililnum, and
by the exchange of the knife edges tile effect of their curvature may be elimi-
nated. A mate to the Poulkova apparatus may be found at Geneva, and tlhe
complete investigations pul)lishel lby Plantamour demonstrate its excellence. The
full publication of Professor Sawitsch's results will bo looked for with the more
interest because of thle early attention paid in Russia to these matters. I'reuss
in Kotzeblue's voyage of circumnavigation in 1822-28, and Parrot and Peodoroff
in their ascent of Mont Ararat in 1830, were the first to attempt to directly measure
tlhe influence of mountains in causing local irregularities in the earth's attraction,
if we except an almost forgotten and unpublished " pendulum survey" of the
IInrz and Brocken hills, by Zach, in 1797.

Finally, yet among tlhe really most important instruments, we notice witli great
interest the many chronometers deposited at the Central Observatory, and contin-
ually being investigated there when not in use in tlhe longitude expeditions. To
their investigation CoolonelySnyssloff has given very special attention, and to his
results, as well as to the care with which they are used and their own intrinsic
excellence, are to be attributed the accuracy of tile longitude determinations
annually made throughout tile empire.

In closing this notice of the o(servatories of l)orpat and Poulkova, we can-
not but revert to that very wide-spread but erroneous notion that astronomy is a
science that of all others has least to do with the everyday wants of mankind.
Such an opinion ignores that history which clearly points back through thousands
of years to a long array of learned menlwho have hailed astronomy astile senior
and protector of all learning. In tle mIost ancient times tile astronomer (and
not merely the astrologer) was honored for his valuable services, but it was

reserved for Greenwich and Poulkova to develop, each for itself; a path of use-
fulness through whlichl to make its importance felt by tlhe state. In so far as
similar efforts are made by savants everywhere, they may rightfully look to the
state for support: especially in this democratic country, where education is so

widely diffused and useful science so liberally supported, is it tile duty of inves-
tigators to show that tile national progress consists not in the mere repetition to
tile children of that whlicl their fathers knew, but in the actual INCREASE of
knowledge.



ON TRACES OF TIIE EARLY MENTAL CONDITION OF MAN.

BY EDWARD BURNET TAYLOR, EsQ.

fFROM THE PROCEEDINOS OF TIlE IIOYAL INSTITUTION OF GREAT BRITAIN.]

If an antiquary is asked his opinion as to the early condition of mankind, he
will probably take u1p the question with reference to an excellent test of man's
civilization, the quality of the tools and weapons lie uses. lie will show how,
within our own knowledge, the use of metal instrumental s ssucceeded tile use
of sh'arpened stones, or sliells, or bones; how tle stone axes and arrow-heads
found bulried in the ground prove that in every great district of tlie world a Stone
Age has prevailed at some more or less remote period; and lastly, how recent
Ig(,logical researches have displayed to us tlhe traces of a Stone Age extraordi-
:nrily low andl rude in character, and belonging to a time as extraordinarily
remIote il antiquity. T'he history of man, as thus told 1by a study of tle imple-
ments h1e has used, is the history of an upward development, not indeed a gradual
St(adlly plroglress of each family or tribe, but a general succession of higher pro-
cessesS to lower ones.
Now there also exists evidence, by means of which it is possible still to trace,

il tlie history of man's mental condition, an upward progress, a succession of
higiherl intellectual processes and opinions to lower ones. This Imovemenl t has
:'ccompai)llied his progress in the material arts during a long but uin(lefined period
1o' his life uplonl the earth ; and of this evidence, and of tile lies of argullient
tlhat may lie drawn through it, tile object. of tle present discourse is to give at
few illustrative examples.

1. In tie first l)lace, tile art of countingmiay be examined from this point of
view. We ourselves learnt to count when we were children, by tle aid of a
sirJes of words O, to),le, 'three, bur, and so on, \hichl we weere taught to associate
with certain mInl)ers, 1, 2,23, 4, iand can1 thins reckon u1) to the largest imaginable
numbI(er., and down to tlies( tallest imiaginllahe fractioll. liut if wehlook rollnd
ailioling (other tribes )of men we findl a very (ditfrent state of' things. As we go
hmler ill the scale of civilization, it lbecolmes easier anld easier to puzzle anmin
with tie counting of 20 objects, or evenly of 10, and to drive him to the use of
Inaltile's contain ma('hine)his fingers. When we r'eacil tile low level of the
savages:\ of the Braziliatn forests or of Australia, wei findl people to whom 3 or 4
a( large IInm1ers. (One triple, describIed )ib Mr.. (ldfield, reckoned one, fito,
nd tlhen bool-tfl(, (l"any;l" lllt when their floor' word-language fails Ihe1 tlhey
h;aI back on gesture-reckoning. Mr. ()ldfield tells us, lor instance, ]how lie got
f1i',n a native tile mnul)er of men killed in a certain fight. 'Te man began to
tliink over tlie names, taking a finger rfor each, iand( thus, after many unsuccessful
trials, lie at lastltrolught out the resultlby holding ni1 his hand three times, to
show that tile number wasl 15.
Now our words, one, two, three, four, &e., have no etymology to us, but among

a large piroiportion of tile lowerr races lnl'trals ihave a meeting; as among imny
lrill.s of North and South Amierica amidVIl'(t Africa( are foiu(l sul(,expressions
us, for 5, "a whole handd" and for' ; "one to tile other hand ;" 10, "1 oth hands,"



392 ON TRACES OF THE EARLY MENTAL CONDITION OF MAN.

and 11, "one to the foot;" 20, " one Indian;" and 21, "one to tlie hands of the
other Indian ;" or for 11, "foot 1 ;" for 12, " foot 2;" for 20, "a person is finished;
whilst among the miserablle natives of Van Dieman's Land, the reckoning of a
single hand, viz: 5 is called pgrqanna, "a man."

For displaying to us the picture of the savage counting on his fingers, and
being struck with thle idea tliat if lhe describes in words his ges ires of reckoning,
these words will become a nIllnerlal, perhaps no language ap coaches tle Zulu.
Counting on Ilis fingers, liebegins always with tlhe little liner of his left hand,
and thus reachlig 5, lie calls it "a whole hand ;" for 6, he translates the applro-
priate gesture, calling it fltisitlua, "take the thumbl;" while 7, being shown in
gesture by the forelilnger, and this finger being used to point with, the verb komba,

to pointt" cones to serve as ta inueral expression, denoting 7.
Now, though manynImII erals, especially fives, tens, and twenties, were named

from tile fingers, handS, and feet, this is flar from being the only source of liltierals.
Mai:ly centuries ago, tile I lildil scholars, lbesiles their regular series, made a new
set o,1 words to serve Its a sort of mecmoort tfchncic ifor remembering dates, &c.
Th'1ius, for they said "'(arth/" or I" moon ;" for 2 "'eye," or a'arm," 01'or 1"in ;"
for 3, "ll'rtma«," o'r "/i)r," or "qudii"y'-t(,-re( being considered to be 3 llamas,
3 kinds tof fire, 3 guns or lqualities; finr 4 i"far' or' "'1rda," because there are 't
ages ai(l 4 vedas. One line ot an astronomiical formula will show tle working
of the system:

vuhilii tri rtwishu gunendu kritfgnibhllta:
lThat is to say:

"Firc, three, srason, arrow, qualityy, moon, four of dice, fire, element:"
'T'lhat is 3 : G 5 3 1 1 3 5.

V1When Wilhelmn von llulllboldt, more than 30 years ago, looked into this
artificial !sstemll of numeration, it struckltlll tllat lie hadl before him a key to
tle general formation of nutmerals. Whenl a Malay, lie said, calls 5 lima, that
is, handd, lie is doing the same thing that hlie I lindu pandits did when they
took " wing" as the nllueral for 2; and tthen, le suggested, tle numrcal words
having thus been once made, tlhe sooner their original meaning was got rid of
andt they were redullced to tle appearance of mere untmieaning symbols, tlie better
it would Ibe for their practical use ill llnguage. Now a nIlumlber of' actualfacts
mayi lie l)iougllt .forward ill support of IIniull dlt 's fhr-sighited suggestion. Tie
AIlip)oies of South Amlerica counted to 3, and for 4 said 'ostrich toes,( from tlhe
division of their oistriclhs feet; tell, floor 5, " one lhand;" for 10, "' t ) handss"
and so on. Int PolVlesia there is a regular set of dechiml inumierals, ibut some-
titles, flor superstitious reasons, they turn words out of' their language for a time,
and have to use fresh ones. Thus, in Tahiti, they ejted rat 2, and rium 5;
and inl a liissionary translation of tle Bilble we find piti and pae instead; now

piti, tlie li\ew word for 2, means " together," and p(e, tle new word floor 5, mi1eansl
"' side."

In other South Sea islands, the labit of counting fish or fllruit one in each
liLand llas led to ttlalna, "a a)tir," becoming at mineral equivalent for 2; tlic1 ahlit
of tying bread fruit in knots of 4 Ihas Iuad(e a new numeral, pono, "a kiil,"
while other terms for 10 and 100 have liad their origin fr',omi words eIllaning
"llbncll" fald "bu ndle." And so, evet ill Ell'ropeai langrugess, nmIeral words
l1'reak out from time to time, ready to become 'properInulmllers, should a vaca\. cy
lie Ilmade for tllthe il the now meaniglless series, one, Itco, three, ./bur. This in
English we have pair or cotlle for 2, and .s)ore, that is " notlh," ifor 20. The
Letts count crabs and little fish by thr'owili thimi 3 at a tinme(, and thus tlhe
word MC((lclS, ("a throww, hla.s cutm(e to mlea ll 8, taildi so il manly t(hler cases in
other languages.
Now lwhenl tribes coun(llt lby saving h tid for 5,ft/(,'c t thumb ;for , IlJ'f l)tim

for 10, and so on, it is evident that tlie ba.is of their nituiecraition is fingller ciiitiig.
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But there is also evidence in tlioe systems of numeration of most civilized lan-
guages that. they, too, are the' sluccessors of a rude unspoken system of gesture
couniting. The rule of the whole world is to count by fives, tens, and twenties;
thlie exceptions are so late or so incidental that we may neglect them and say that
the original counting of mankind is the quinary, tile decimal, or the vigesimal
system, or a combination of these. We need not go abroad for examples. In
the Roman numerals, which count, to V, and then begin again VI, VII, we have
the quinary system. The decimal system is our familiar one. And when we

speak of "threescore and ten," " fourscore and thirteen," we are counting by tihe
vigesimal system, each "score" or notch, thus ideally made, standing for 20, for
"one man," as a Mexican or Carib would put it. It is a very curious thiling that
both we and the French, having two good decimal systems of our own, should have
rm off into vigesimalism. Why should we have ever said "' fourscore and thir-
teen" for the 93, which we have good Saxon tens to express? and why slhotid
they say in France, "( quatre-vingt-treize," instead of holding to the Latin original
of their language, and saying "nonante-trois?" Thle reason seems to be that
counting by scores is a strongly marked Keltic characteristic, found in Welsh,
Irish, Gaelic, and Breton, and lhas been taken up into thile alien numeral systems
of France and England. At any rate, tile rule of' tle world is to count by fives,
tens, and twenties; and the connection of this rule with the practice ofi'c(ontilng
on the fingers and toes will hardly hie disputed. Indeed the remark has often
been made that the fact of our having 10 fingers and 10 toes has led us into a
system which is actually not the best ; while if we hadlad6i lingers on each
hand, and 0 toes on each foot, we should probably have taken to using, like the
carpenter, the more convenient system of duodecimals.
Tiese are examples of tlhe facts which tend to show thliat man's early way of

counting was upon his fingern.; as Massien, the Abbi6 Sicard's celebrated (leaf
and dumb) pupil, records in describing his recollections of his yet uneducIatedt
childhood: "1 knew the numbers before my instruction ; my fingers hiad taught
1me them. I did not know the ciphers. I counted on my fillgers." Aillong tlhe
lower races, tile use of word language has only to i sltmall extent encroached
upon gesture language in counting; among races above these, numeral words
are more largely used, but preserve evident traces of a growth out of gesture
counting; while among the higher peoples, though language gives little trace of
the original signification of numerals, there still prevails the system of counting
by fives, t,tes, and twenties, of which we can hardlydohult tlat tile norm is given
by tle arrangement of tlhe fingers and toes. Thus it appears that in the Ilental
history of mankind we may see back to a condition so miich lower than orm'own,
that thle numerals, which we look upon as so settled a part of speech that we
use them as one of the first tests of the commonl derivation of languages, were
still unspoken, and their purpose was served by tile ruder, visible Signs whlicll
belong to the department of gesture.

II. The next argument to be brought forward belongs to a very different
province of thliought, and touches onil the early opinions of mankind as to the
nlatfure and habits oq' spiritual beilngs. It is well known that the lower races of
mankind account for thle facts and events of the outer world biy ascribing a sort
ofI'Ihman life and personality to animals, and even to pilanits, rocks, streams,
winds, the sium and stars, and so onil through thle phelm('lImena of nature. It is
also known that a low stratiumlof the religion of) tlie world consists in 1.'lief in,
and adoration of, spiritual beings who inhabit tlie winds and tiJctes ;i(1d.trieams,
who preside over the ripening of fruits and the falling of1' raill, give success ill
wair, or inflict disease or nmislfortuno on the savage lntuter. Thus the Mintint, a
low tribe on the Malayan peninsula, ascriibe every ailment thlth jhappemis to themi
to a spirit or htant. .One causes si alllpox, another1hrings swelling and inflani-
mation ill hands and feet, another causes tile blood to flow fromwoum(ds; indeed,
to cenmmerate all these hintas woulh lie ()o give a list of all their kniit :;iilimeucnts.
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lThe worship of such spirits, found anong the lower races over almost the wholo
world, is commonly known as " fetichisill." It is clear tlat tlis childlike theory
of the animation of all nature lies at tlie root of what we call mythology; if tle
s1ln atnd mloonl are descril)bed as semi-himan bl)(nllgs, called by tlie Greeks Helios
and Selene, by tile .Esqmilaux Annilnga andt Malina, this personification is
founded on an original opinion still found il lively existence in the world, that
the siun andl1oon are living Antlropomorphic creatures. It would probably
add to the clearness of our conception of tile statWt of mind which thus sees in
all nature the action of animated life and tle presence of innumnirable spiritual
beings, if we give it tile name of anillism instead of fetichism. Now, by
examining a single p1)lase of this animism, it SCeems possible to give some idea
how generally Iman in his lowest known state of culture is a wonderfully igno-
rant, consistent, a11nd natural spiritualiSt; and also how the effects of his early
spiritualism nmay be traced through tile development of more cultured races in
proceedings which have often changed their meaning, and lost their original con-
sistency by tie encroachment of mnroe real knowledge.
We all kiow how deep and sincere is the terror of ghosts among savages.

It is often no exaggeration to say that they are in more deadly fear of a man
after lie is dead than while lie is alive. Thle savage's notion of a gliost corre-
sponds very nearly wtitll tlat of tile English peasant in our own day--it is a

tlhin phlantoml going fir1m 1)place to place, like tle person it. belonged to, wlien it
does appear, 1but often invisible, though capable of knocking and uttering sounds.
'the notion of tlie ghost runs allhost inextricallly into that of tile spirit or soul,
of the breath and tile blood, and of those unsul)stantial somethings which follow
the imain and alre like him, hlis shadow and his reflection in the water. Now it is
consistent w\iti this opinion of gliosts to hold that by killing a m1an you canl
release his ghlost and send it where you will. 'This is what the King of Daholin
does when he sends men day after day to take messages to his father in tile llnd
of' shadows. Thle (.etae, according to Ilerodotus, sent ta Ilan every five years to
their gold ZamIolis, giving him ir messages, andteirs s, ad hen throwing himiup and
catching him on their spears. Thus, ill British Lndi(, some 80 years ago, it is
on record tlitt two B1ralmins, believing that a man had taken 40 rupees out of
their house, took their own mothertand cut her lead of;, talt ler ghost might
tormelnt and lpu1rsue t dleatli tlhe offender l1and his finaily-tle ol(l woiilan being
herself i consentinlg party to tile transaction. This is ti st i violated case, but
ole belonging to a recognized Ililldu practice.

In perfiect accordance with this opinion we find in almost every country in tlle
worl(, at sole tille or otller, tle )practice of slaying menc and (womenll; at the
graves of tile ead,. 1 olle of the South Sea Islands a cord is lput round the
wife'.; neck att her marriage, and when her husband dies it will )b tightened, to
release her soul that it 1i:ay accompany his to tile land of shadows, and continue
to catch fish an cook yams for him there. The Dyaks, of Borneo, have a

lplisiOl for waylaying their enemies and bringing home their ea('ds; as the'
toll Mr. S>t. .Jolihn "tile white men read( books wo hunt for Ileads instead(."
They (1o this to secure tile services of a slave in tioe next world. These practices
are tile consistent working out of a spiritualistic theory, which, if crude andfalse,
it; at any rate intelligilelo. To Csome extent tlle stao many be said, when not only
tle tl:(ad ilaln' wives alldl slaves, Ilut his dogs and hoires are killed, alld buried
or )buint at his grave. The man's gliost is to ride the horse's gliost iin tile land
of slihad1(ows, and tile dog's lost wilP1rll11nonletre after ghostly gamc; or, as in
Mexico, tle do)g was to carry tile man across the river which lies between tile
world of telo living and tile world of tle deadly; while in Greenland, a dog's head
was placed by tile grave of at little child, that tile soul of tile dog, who ever
knows his way Ihole, might guide the helpless illant to the land of spirits.

Bu3t when noot only Imen anld animals, but inanimlate objects are iburiedlor burnt
for the deadl, what does this meanI When tie hunting tribes of North America
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provide the dead man with lis favorite horse, and at tile same time with his bow
11and arrows; \while tile fishing tribes 11ury tile dead man in his canoo, with the
paddle and the fish spear ready to his hand, what difference call \o discern
between tile purpose of the animate and of the inanimate offerings, which alike are
to serve the spirit of their owner? When the dead chief's wives Iand his slaves,
his horses, his weapons, his clothes and ornaments, are indiscriminately buried
with him; when food is put in the grave with the dead man, and fresh supplies
brought every mouth; when tile little child is provided with its rattle and play-
things, and the dead warrior has tle ceremonial pipe put in his hand, that he
may hold it out as a symbol of peace when lie comes to the other world, while
a store of paint is buried witl hihn that he may appear decently among his
brother warriors; in these and hundreds of other instances, tile spirit of the (lead
man is to use the spirits alike of men and animals, and of weapons, clothes, and
food. 'Then we should expect savages to be found recognizing tle existence of
something of the nature of a spirit or glhost belonging to inanimate objects; and
this in fact they do.* The existence of the Fijian opinion is well authenticated,
thlt lifeless objects have spirits, and that the souls of canoes, houses, plants,
broken pots, and weapons may be seen floating down tile river of death into tlhe
1:1nd of souls;; and crossing into North America we find the same idea, not only
tliat souls are like slladows, and( that everything is animate in the universe, but
that tile souls of hatcliets, kettles, and such like things, as well as of mleni and
animals, have to pass across the water which lies between their home in this life
andl the Great Village wheretlhe sun sets in the falr West. Welustlot expect
the spirits of spears and kettles to have the same distinctness and vitality in
savage p1lilosophy as tlhe spirits of men and horses. Inanimate objects want
those signs of life that are given to men and animals by tlie breath, the blood,
thle independence of voluntary action; but at any rate they have shadows, as in
the New Zealand tale of 't' Kanawa, whlo offered the fairies his neck ornament
and ear-rings; they took tlhe shadows of them, but the substance tley left behind.
T'lihe halve also that property whicl in thle Ilind of tlh savage has so Iimicli to
(10o itll defilingl tell nature of ghosts-their impalpable phantoms canl and do
appear fa:r away from where their real substance is, in tlie dreams and hallucina-
tions which savages look on as real events. When we meet with notions of
Iaparitions nitaong more civilized people, it seems that they hold a theory ihiler-
itedl from tile full animism of tile lower races, but much damaged( in' its consist-
ency lby the interference of a better knowledge of facts. When tile ghost of
I;llilet's father appeared, lie " wore his beaver upl." What beaver? To an
Emulnoean believer in ghosts, it w.mIld seem foolish to talk of' tle glhost of a

helmet; but to a North Amierican Indian it is (qilite reasolablle tliat a helmet
should have a ghost as well :as tile warrior whlo puts it on his ghostly lead. The
(Ipinion of the 1Europeall gl1ost-seer is no ldoIibt the more scientific, the more
altflected by knowledge of the facts of' nature ; lbut tile broader spiritualism of
the savage, is mor'e f'ullh, more thoroughly consistent, because, as there is much
rlesonll to think, it is nearer to its source.
A slight acqnaintaince with tihe spiritualism of the savage ihas sometimes led

to its heing considered as thil result of' a degeneration from the opinions of more
culltiulled races; but more complete knowledge of the facts tends to showv that
smel an opinion inverts tlhe real history of events. 'Phe way in whlicli tile fullest
and most consistent theory of ghosts is at home among savage tribes is wyll
shiow1niy the belief that tile spirit arrives in the next world \whole or mutilated,
accollillg to the condition of the Ibody at death. For instance, there is an11us-
tralianl trile who believe that if a riman be left unburied, his soul becomes a

wa(ldering glhost. If' one of their warriors kills his enemy, lhe is sometimes
"The speaker mentioned that he had just found in the works of an American writer, Mr.

Alger, inlde)inendelt collfirmati.l of the view ho had takeii of the savage theory of spirits,
as including spectres of inanimaite as well as of animilate objects.
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embarrassed with the difficulty that by sodloinlg lie is setting free a hostile ghost
to vex Ills own people, andl thereifre lie resorts to tile device of cutting off tile
dead manl'srighl t thumll, so that the ghost can no longer throw his spear, and
may be s:tfely left to wander as anl evil spirit, malignant, but harmless. 'The
history of the very fileral offerings just spoken of shows in tile most illterestinl
way tile progress of a ceremony front its source in a crude and savage philosophy
to its gradual breaking down into mere formality and symbolism. To tle Aryan
of tile Vedas it wa:s quite reasonable to burn the priestly sacrificial implements
with the dead man's body for hiis use in the next world ; but the modern Hindu
lays one thread of woollen yarn on the funeral cake of his father, saying, " May
this apparel, made of woollen yarn, lo acceptable to thee!" We Imay learn
from Ovid hlow tile offerings of food to the dead, in ruder times a thorough prac-
tical savage proceeding, had ill his time dwindled to a mere affectionate, selti-
mental ceremony. Garlands, le says, and some scattered corn and grains of
salt, and Ibread steeped in wine, and violets laid about: with these the shIade
may be al)l)peased. "Little tlie manes ask, tlie )ioIs trioIghlt stands instead of
the ricl gift, for Styx holds no greedy gods."

" Parva petunt manes-pietas pro divito grata est
Munere. Non avidos Styx liabet imra deos."

Vc may sc hlow the early Christians kept ill tlie latlhen custom of lurying
ornaments with tlih dead, of putting playthings iln a child's grave, doing just
what a red Indian squaw will (0, but doing it with how changed al lIrpose.
Thlie Chinese keeps up tlhe time-honored custom of providing the (lead with clothes
lanld noney ; but tile money that he will palmn ol' on his dead ftither is a pastelbard
coin, tslta: ped like a Spanish dollar, and covered with silver-leaf; this he will
burn, and his father will have the spirit of it to spend in the next world. The
sale lChinese will yearly spread a feast for the souls of his dead ancestors; lie
and his friends will wait a decent while for tlhe gliosts to eat tle spirits of' the
foodl, alnd tlien ti'hey will fall to themselves. 'To see the stme thing done l'narI'
home, you have only to travel into Brittany, where on the night of tlihe F'let
des Morts you will find the fire madeuI) andtlietlhearth swept, and theulippl'r
left onl tlle table for tile souls of the (dlea( to come and take their part. And
when we see a wreath of everlastings laidlupon a tombl, or a lnosegay of fresh
flowers thrown into an open grave, La ull knowledge of the listry of funeral
offerings seems to justify, us ill believing what we should hardly have guessed
Nwitlhout it, tltat eveln here w see a relic of tlethoughts of the rudest savages
who claim a commllon hmlillanity with us, a funeral offering vastly changed in
significatioll, but ml(whlere broken in historic sequence.

Las/1//. Another subject may lie found( to throw light upon an early condition
of men's minds. Weae all agreed that there is a certain mental process called
tle a.Sociatioi of ideas. Thait we are in the hablit of connecting inl our mlinds
different things which have, in actual fact, no material connection, we all admit
as a matter belonging to this association of thoughts or of ideas. Now we have
Ieeii taugllt to keel anl eye oni tle action of tle association of thoughts, to
recognize it as a fallacious process aptt to leadi into all mannLer of ui'eallsonabllC
iplliomns. Bult if we descend to t lower range of civilization, we shall find tlat

tlie mental association which we tolerate as a sort of amiable weakness, and
against which we are at any rate forewarned and forealrmed, is tlle very philos-
ophly oft time savage. 'I'hee is one particularly excellent way of studying tle
effects of the association of thloughlt. It began to produce, in a time associated
with a very low 1h1miuan condition, a set lofopinions andpractices known as tlhe
occult sciences, witchcraft, divination, astrology, and the like. The gerns of
tliese illmagilnary sciences lare to Ie 1tlllnd still lively amog tle lower races.
Their developmenIt into elaborate pseudo-scientific systemlls Ibelongs to ta 1priml
110o beginning to pass away; and we can still study them inl their last stge
of existence, tliat in which their remnants have lingered on into a period of
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Iijlil'r mental culture, and have become survival, (or, as we call them, "super-
slitious." In Jroldcing the occlt sciences, tlice ass'iationl of thoutliht works in
ways limost distinctly recognizable. When tihe Polynesian weather-maker prac-
lict'(; tIl liis sacred st , wets t ro erain,anditwhenit wants to I)ll(e raili, ail pits it to
tfie- fi'e to(lry when lie wants dry weather; and when, in Europe, water is poured
(,I a stone, or a little girl led about. alld pails of' water poured on her that rain
iimay in like manner 1le l)oiedl dmown from the sky, we have practices resting on

tlie iosevidentevide and direct association of thoughts.
ThIs w\e may see a Zulu blisy chewing a bit of wood, and thereby performing

an ideal operation, softening the heart of another Zulu with whom lie is going
to trade cows, that lie may get a better bargain out of him. So it is when wo
find lingering in l,.glandl ait practicee !ieloiginr thoroughly to thle savqtrge sorcerer
that of making an image representing an enemLny or part of him, and ineltihig it,
d(ry'ing it uip, or wounding it, that the like may happl)en to tlhe per'sol with whom
it is associated. From time to time there is still found hidden about some coinn-
try ftrm suchl a thing as a heart stuck full of pins, the record of some secret
.sto ry of attempted magic vengeance.

In tihe ancient and still existing art of astrology we see the same early delusive
association of' ideas producing results so perfectly intelligible to its that it is
really d(litlicllt for educated people to have patience to study its details. An
asrrolog'er will tell us Ihow tlie p)lamet Jupiter is connectedt with persomis of it bold,
hearty, jovial temperament ; and ]tow tlie planet Venus lias to do with love And
nmarl'riage; while to us thle whole basis of this theory lies in t(lie accident of tlie
namlns of certain gods having been given to certain stars, which are therefore
Supposed to have tihe attributes of these gods. Thie vionder is not that much
of thle Imagiciain's shamt science is inexplicable to is, but that the origin of so

many of its (details is still evident.
fAn extract from Zadkiel's almanac was here read, will tlhe object of showingtihl. principle on which tli astrologer's deducttions are still made, the ilmvemlents

old' llie heavenly bodiesl being simply taken to symbolize human action, viirtle
::d good fior'tie being connected witl the aspects of the sun and J Uitler, (smuny
;it .jovial influencess) &e., the working-of thle early childlike principle of thie
issoiatioi ofl' ideas being tlius traceable tlhrouIgh the occult sciemices from their
rise amomig .savages to their decay among educated 11ien.]

B)i tlhe study of facts like those of' which a scant v selection has hero been
biroughlt firw'anl, it semns possible to look Iback to an early condition of' ir' race

.hit (,ore nearly ecorres holding within that (f existing savages thain witli that
of' t he civilizedd nations even of veiry ancient times. We seeni to ihave before
Ius theilrai s i'f st ate of hnlltg'iiage sio low Illt words flori counti irli1 not vet
imiiSi11 iii it, Iuott leal're gestllure-llang'agilguie serv\'ed their rpose. It 1is olit I ant
to, inmply that we haveel'videtce o1' a stale o(' Ipiire gest itre-langitage autetwrio r tio
at;ny sk(di Hn l]tanglage ; we do not seemii to have si l'l evidence, andt even at iimn,'
tlhel],w.ri aimiials we find, inia rudimenmita.mry fo'rm, expmressiol byv action mliand by
voi,'e going on together. liI t(lie working of''tle iindis of' lihese early lriles,
W Itnirace a childlikee ctdition (of thoml.til in which there is a wodih.ert'ilI albsevice
o(f dl.linitionetbetwewi least amd fI'ltinir, Ihel-weeiu Ih('t and imaginaliotl, between
list nii,';ht's di'eait and to-day's waking. ()iut of this state t'ioindl we find aris-
ing all ove' the world at consistent, intensSe, andt all-11-er'vading spiriltlulismi to,
,irnm ait basis 11po)n wh icl !hiigher intellectialI stages ihave been renaredI. Ii (li is
Imw and early mental slate there reig'nis siupreime tlie faculty of ausso.'iatit'll (if
tltmughits. ( uit of this, wI iin inc(lec('ket liyv eXlperi'ieIic, arise tlhIset'111.si4onts ot
soirT'rywhich pervat(h.t and imbiiter thil. whohlellif ef Ill. Savage, alindl carr' ta
strtai ofl' olly far o(I illnto tie culture of(if the higher' raiaees. But throu!ght :ie
al'lt(r age th're has gone ]on a slow prol'('(ss o,1' natiii'al selection, eve'r tenvlinig to
lihrusl asidhw'at ais wIrthless,a'id to favor what is sitrolig ianl sullild. Wilhli.n
von Iflimihboldt, already on'e quoltt'd1, imay serve its again by laying tdown inl few
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words one of the great generalizations of our intellectual history. "Man," li
say1s, " ever seeks the connection, even of external Ilpelnomena, first in tle realll
of thought; * * his first endeavor is to rule nature from the idea
oultward ."
Now if the result of inquiries like the present were to bring out mere ablistract

truth, barren of all practical importance, this would perhaps be the last place
where it would be needful to apologize for the want. But it is to be noticed
tliat they do happen to havel tils l'practical importance. Thlere are certain studies
which have entered upon a thoroughly scientific stage, and ask no aid from
etihnograpllic research ; they care nothing for the crude theories of earlier times,

lbut go directly to their own observed facts by which their must stand or fall.
Blit there aire other studies, of not less inllortancel to us than astronomy or clhem-
istry, which are in a very different state. In such especially as relate to man,
the operations of his mind, his relations to tile rest of tle universe, the past annd
future condition of lis race, his ethical and political rights and duties-in all
these complex and difficult prIoblemls we find established side 1y side sources of
opil)inio of very different value. Some opinions come to us aulthlorized by the
best of evidence, and when put to tile test of reason annd experience tile trial
proves their soundness. Others again, though fmilunlded on some crude theory
of less educated times, have been so altered ill their scope and meaning by tile
lessons of experience, as to lie (on the whole tile best known representatives of facts,
and bivthis not unsatisfictorv title they hiold their ground. Others, lastly, may
'arise out of opillions belonging to a lo,, stage of culture, andl maintain their
place, not because they are proved to lie true or useful,Ilt simplybleclause they
,have been inherited from long Ipast generations. Now it is one duty of etihno-
graphlic research to follow up these lines of thought, to mlark out, amlonl existilln
oiiilnion:s, which are old notions kept up) inll Ilmodified condition to answer it more
moderni llrse; ill what cases a growing knowledge goes about with tile
relmalins of the old philosophy which once clothed it, now hanging ill strips and
tatters alboul t its back ; ill w'llt case opinions I!elonlging to a low and early
mental state survive into thie midst of a higher cultlrec, pretending to be klowl-
edge, :ai being really superstition. 'Thus tile study tf tlhe lower races las a

work to, do ill tacilitating tlhe intellectual progress of tlhe higher, by clearing tlhe
ground, land leaving tile way open fort tile induction of general laws andl their
co)rlrect ill 1v tile syste'lmatic ohservation of facts, to tle results of which method
alone we lmay fitly give tile lnamie of Science.



ETHNOLOGY.

INDIAN REMAINS NEAR RED RIVER SETTLEMENT, IIUDSON'S BAY TERRITORY.

IB I1)ONAI.I) Gu.xS.

RED RIIVci, April 1, 18(7.
T have been collecting a fmew Ilndiall relics of former ages, such as stole axes,

mallets, anid skulls. 'Th axes are made of a fine-grained hilli-stol(, tl Itnal-
lets of gneiss; the skulls were taklII flroi' whliat are apparently sepIlchhral
1umoudlls. Last October a neiglhblor living (oi the-east side of tlie river, reililiing
:':tadditional cellar to preserve his r(lot-crop froil (lie winter friosts, coiimmenced
dirging into the tol of alknoll in lihe lwoodls, close tIo hIis lild, taking olit eiIlt
felt s(qllare. Ile ldid not dig p'rccisely ilito tlhe centre ,of tlil knoll, h1,t so(iie-
what t; ole fside ; oln ligg(rinl d(\\Iwn le was rather s;lprised alt tie (delth of tlil
surflace-soil, or I)lack \ve'getatl)l mioil(d,1( I'ilng so 1('lh greater lheretl nh li lhiad
ever fomind it anywhere else; he, however, conlitinlued( digiinlg Ilitil lite got f'rom)i
four to five feet deep. Iere lie egan to cut through decayed( wood, apparently
0oak, which hadbeen laid in a holriz.ontl position. ()Il gettingg a foot or slo below
this, illn )aring down tile side of tile pit, lie uicoveri('r(' a Ili;llan skill, Ihavilg its
hlwcrja'w lttacthe(l, and(1 lower down tlie v(erte'lbr, showingtlllttlie deadI hlad
li(In placedh(( int a sitting] ost'er. 1liririling still fit''lite'le1l(oInld (o)ler IluiinI

r.iii:ltils, all(nd at ia depth of (eiglt feet froi.l ttleopo(I' lie tiumllllnls and11(o a level
witl tll( sllirace of tlhe smlrolllding ('olluntr ' Ii(' struck ()o :,1 1(l)' (o1' ve(i smllooth
:i11d11iard white nmdll, which app)arled to, 1:x' 1been hardened 1 tle a(timll of
lire, since liits of coal (were jotndll( o(n it. ()II this clay Iloorilig tile flli\
:nl id(ls were ollnd, viz.: folur or five skills lying o()l til fiel(; at n1iiliber (,f
smallIbones, those of flinlger sntild tOs; ,i earthlien kettle(, with a shell ill it,
such as live at present ill this river ; 1ont.es of tIlie beaver ; two pipes of fine
'llie-stol(, without. a p)f'irliratiin ; three irn:iaments made of sliell or lbone-two
.1' tlli, Itliniik,(1thi sliells1proaI)al (i t(le sialll titles ;1fon, Ihere in
Ille river; tile otilhrIltiut 1i(' of )loll( a:ndtl is ab:ll t live ill(l(.s ill Illnrtl; o1ne
l('fiir'Iat('ed shell,Ised foro)ina111ll'll ; aI'(ewI ,("!S.beads lade of sliell.

'1'1her is another tumlitis 400 or 50() yards directly soutlh of t is. It is
largerrtlil tile one( that hlas 1)('e i(o el, a 111 tItliiik tl:lt if Olpeled si)omeItlilng
inIerlestintg would be fimlil ill it. 'I'llese IuotnItIds hav:e e(nkno'('wn ;IIr1 nliliy
(years )past, )butt 1evr('s' lilpposd(l to Ive b(eew((' rs .of art, or raised b1y Ilmimii
:tlor; but now I begin to ('lt(rt:ainl t(' opinimll tilait mtIltay such sepulclhral

Illiuinds are to lie 1;un)1 ill this vicillitv.
'I'le Indians (ldwellillng ill tillis se(lioln (o' tlie coulltrv have no traditional

kliowle(ldge relatill i to llhese Ilounnds ; \whei\ any: (lluesti'isl are put to tlheti as to
Illh limlle wlhell erected(, and tllie use for which tl.\ were(' raised,they( answer
ili:it titcy weri'e muil d(welligs, sim-(h as ai(. occupiedI at presentIbv tlie Matl',idans

ii tli(e upi)per Alissomri;ltand taIiat tlley (lad )('1(l I illt very long ago; wiho the
Itiillders were they( kilow not.

'I'liis i.molralln(' (f forIlllelr limes (cal, to so(lb1 (ext(let, lbe pretty satisfia't(orily
('1cCiilt(edl l1' f1'r imi de well-known f1ac tliat this re(gioi tbas (ofte'llihad a Ichtlng
fI inhabitants since the advent of tie whlit(s. 'I'lle ('1i to were in p Cssession

witlce tlhe first trailers fouI;ml tleirl way to :Iake (O)tillii)(.r, as tIhle lliI (calile it.
'lH'h Akssintl0aboi1(es sicceecded the (.'ris, oin til('e ltter tribs bireaiingll(I,11 oi' sep-
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aratintr from their kindred, tihI Dakotas. '1The Santena or Ojibois followed ill
tile wake of the traders front Canada, chiefly in the last decade of tile last (cen-
turv. If ever tile Crus or the Assinihoines deposited their dead under raronIds
of earth, thiey discontinued that mode of interment longlefiore the advent of
tile whites, otherwise both missionaries and traders must have seen and recorded
the custom, or at least some traces of it. In the absence of all testimony we
are led to tlhe conclusion that they are monuments of considerable antiquit',
andll tliat tile race who constructed them, and whose remains they cover, have
paSSeda'way ages since or become mixed up with a race or races, it' not more

barbarous, evidently less energetic anlld industrious, whlo did not manifest their
affectionate retard for tile dead by performing so much labor ill covering their
remaillns. Ma;y we not with some reason conjecture that the object for which
these mrounds were heaped Iup with so much toil was to transmit to generations
then unborn thle fame of some renowned patriot or chief whvo led tihe warriors
of his tribe to combat against encroaching foes, and who was victorious in tile
strife ? Tihe first thought that occurs to tile mind ill examining tlese, tokens of
mortality is that they were in course of erection dlluring a long period of time;
that succeeding generations took each a share ill thie work ; buriedd their dead
over those whli hiad been deposited before them, 1and1 added their share to the
earth until tile mounds assumed their full dimensions, or the practice of this
Itiode of interment fell into disuse ; yet, on reflecting over tihe subject, I am dis.
posed to come to the ('onclusionl that these mounds were-raised over tihe remains
of meni wlio stood high in tile esteell of their family and tribe ; whlo labored
to builil their toUibs fri'om tli hlailable motive of !perpetuating tie( memory of
friends andl benefactors. 'I'The tombs might have 1een reopenedI'lfrom time to
time to receive thie remiais tof' the family or kindred of thie first occ'lpier to
whose miemnorv it hiad been erected, dohwn to periods of time much more recent
thama their origin ; or tihe Indians miight prefer interring in tlihese noumtds, finding
them dry and easier to excavate rlha tsurrohui nge soil; such seems to have
been thle case in regard to the great tumulis on tile west side of' this river.
Some time about 1786 the small-pox spread over what is ntow known as Hludson
Bay territory, carrying offt' tle natives by thousands. 'I'llThe Crs at tliat time
occupied this vicinity. I have seen and spoken to an old man, tile only sur-
vivor out of IIany tents, who stated thalit tile commencement of tile iiortality
tlie Indianus, for' somie time, buriedi til ite mlolll abollve described, Ibut dil iint
erect it, and that at a later period of tlie disease the living (didi not attempt bury-
ing the dead.
Up to thlie last years of the last century tlhe Indians on tlhe western shores of

Hudson's bay occasionally disposed of their dead ,by placing them om scnatlohls
or stages. I am not awaro that they ever returned to look afliter tl,e bones for
thile iuirpose of interring them. The Indians occupying tills part of the co,1utry
ait present inter thle dead, buit never, to my knowledge, inll a sitting poMstre.
They press thel. knees iup towards tlihe chill--ill a w.'ir they roll up11 thle,dead ilnto
tie smallest possible Slpace, open a shallow grave, lay thle body on its side, w\ithl
tlie ace general lv towards tihe east. e'l!eAssiniboines still continue teutlustolt
of laying their dead on stages.

I trust that Sou will let Ieia kmiow if tlie Institution is desirous of having .ny
of those antiquities of which I have written, viz: skulls, pipes, ornaments, &c.
If they are desired, I will search into sle otletr mIouilds ill this vicinity aill
suldl whatever I fild thuat muy appear worth tlie cost (of transportation.

'I'lie winterhiasIC:en I:tlt illat e tillg ill ; we ad ver'(' little sio)w .1t;fre tlhe
beginning of' .Janluary. We have. hal very little s.ow ill lie settlements ; llt
it is spoken of' as!eiig very deep towards the Lake of the Woods and in thie
plaiils towards theMissor'i. The cold has not !been extremely intense, but
very regular ; this is the ;22d of March, anll we have not had as imiuch thaw ats
to wet tlie soles of our' oiil'3ic1ls.
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ANCIENT MOtNDU NEAIR CIHATTA.NOOGA, TENNESSEE.

By M. C. R1:AD).

T'Ie,nouiic froimv wvhici thie speciiimens sent you were taken is situated on thio
]l'It Ibai'k of' thie ''el(nnes.se(' river, al1(ve Citi.ocreek, anmi aoIiit oneimil(' fl'romi
Chat talnioga. It is on (lie riciallulvial land(lb.rcerillg the river, and so sitiate

ni thie oulte side(d' i curve(i (tlie streamaisitto be readilys{eeti bIy parties comlinilr
u1) (r tldown thie river, its well(.11as y Iyonie app'ioachi:lii the valley over al-y of
the hills anidiimiontainis bv which Chlattall(m.gat is smr(lminded. D)irectlv east ,of
it is tl. site (11 analln.i(eni:tpot!tervy and manulIfct(ry of flint arrowheads,t several
acr.sl.'ini' covered( withfl'rag' nIII.i (l, 1 Iroke'l itI cry,111n:ied ('lay, c(hi)ppl) igs
o,'f fli,,t al,)w-hes, mn:tly of' tihm al)ppar(int ly Slpoilhd il tlieh( hIuaids ,I' tilhe
iiI:mniti'actrer. ]'roken stone hamtiiers, stolle and e:rtlheunware pipes, IlaIt circu-
lar dlisks (,f I(lie si.zei f a() I g checker-lmenl, dlltde( ol st,11po('jime Ettcry, ":iud c(1:t(a-
iiiall'l ofI hardI milineralc(ial, ate.I( Etif ntly fni!i l.''1ite place whigere lillese

arE- F'iiil i:i lwui ti' V dP5 tiile Ili jiloum irl, (Itlol di-ig Iii 1.) 1'.w'h tl('iti Ef;t,. fond lhas bee:n fl' years (herthe li'io,h llonpIitn... ,i
li'iefr(wl iI(i(c(lies roItl', lshesail ll d. all),ti ls alll (,o Irne( clay. f'ra -

iii (1tiiS Iofbo,esi, a da111 IlMbundancel'rfn ike (l tt( ry. ,a'r( fo, I d. T'!,i is is all if' a

c',a:i;se charai'icter'i ; tIhi VaI'imisati lpi('ljts at oE tEatlio I('jin rI ide a nd iil:1r-
lislic. TIlle malterial Ised was t(te eartli take i'ri1I'hlowtliesiurfle .and1 lillel
wilt finllv commi)illu(ted f'rai clients io' river shells. "h'le silburface is c(o'verc I with
hwse sl4'lls, imanyloft them ini a Eli.il state ()f preseirvaltii , ,1'of the sa;lle cluti'rat'er

1vitll Ilse!mol(d ;,)!0'(,'.tn1nIdantlv d(,wn IH(l river at Shell .Mlo1n(d and otler
j'L:ice's, and all identical l with tit(e spe.;ieis still existii, in lli river. 'l'hes facts
ait. id', spll ecial interest o (aco('( t 11i ' fti r1eIa((''lli .:.i nItl ie re llat ive a (1'o lie
ul.,iiid. 'l'his lec is (,of all ovail I; r , with a !ase (r 15;8 bIy 120 f(.-t ; lieIIrla'er
Eiatlitiiier iein|)oilt lie trne eri(dia:l, or'as,ieair it as we could deteIr'llln(e by
:it odinatry ,(,poke't copailnss.'The diimlensio,ns of thle top, which was stiusia,-
i;:.llv levelI, are 2 1t yI.IV fee.t. ati ll (ie. hliei.l. t 19 fIe.et.
For !pr'i1(,po's (f'examiliatiol, andIt(opl)rviethiei.I I(gaiene(r (of tlie Sa itary

4('11 iis'i'iia wh,)o had! l is (olic i11otilem und, witl! a place to st(Irc ve.reta:l.1s
l'<ii sj.lin' lp:tlanitiw., a Innimel was, excavalted into ien.illi ) d ot ,I I ll die caist, a
litlile oie sidle of tile centre, awld o(il a l weelwith theli natllral sitface ol tlite
1,n41111. he'li.in tliepoint directly ihihe11ll('lit'(;' 1 t' Ill;4ti, il)i'the,mioion1i1d
w1asreaihced, holes were' foll!.o'itlailinl:. fr!aL'l1entis (of rottt ed wood, sliowit.g
lic:it stakes (r palisades hald i'en er'l(.'1tlE here, wliel th(e odii was(4'Eti eC.tldl'iI.n(.
'The so ullld of(t' tIl'i pick iiulldlici'llnl , a cavity( r diiler iilt 1al.terial1e.llw, ( lie exN'a-
va;tliom was carried (dovwiwar a:111,it iw( feet, whe, i t(wo skeIle(to11is wl' ittoivered,
ll:~fiii'iets l(' which, ],rcser'vd.':are Imarked No. 1. ''he Iicies were pai'kIed ill
it :mall spae,a.:istl.lh thein,.l'sw:ere,'crwed.1dowv, wit'ihott lutel riu':a s to

lwi.,it ,i
'

f Ihanlds, inti) a pitl lt e'X 'eeldiig! thre11vef'('et ill le..thli. (h)ii (of It}f
-km lls is of esIE'(iatl interest, as possibly iilicatlii. Ill:it lle1' rlm:itins arl' llt, se ()f
v',tills immldalted iln som1?e sac(rilicial or burial rifcs. 'i'l side was c?'!lidl i,,.
.if' iwilh a clb. I !have ('ofI,'tI cted toiL.''t 'tir .1' peice'Is of i (' wlieppeli jaw. :.

Il.t tI Iey're'tai liI I Itleyl. ii l ill wwicIi ti1('V 'foin'' d, -a position1 whicht camlit 1,,
vJitll pnolbablility, b suppo)sel tIo Ie Ilie resIlt ,I' tlite t lin of ihe earth aro n11d,
ii. il' ii! o'kdienw-ihet blritr dl. ''lte i.mes oi tlit! Ibodlics, allhi.tl.li so) frialeh. li:tt
!t:,v cltld no Ilie'b scrvc! ween. vilin,. ill Iwsiti,,s indlieatiln- 1l1 l liv I,,odlies
hi.l hait hceen disimetmibiercd. adii forlbiddihilg t(ih .upplositiIlltlim they were tlhe,
i,-t.ails of a.a,,nilbal 'eatsl.

''Theexcatvationi w:s carrie'l forward as indicated E,tlieiplat, ianl o(n a level .!will
die location of tIie skeletoIis first foundIl. It becameme 'vidi i at .t iwe thall tll,' Ii:1h'-
iail of which llie oillid was cltstl'i'ted was takeili froiile imtmedliate:' eihh-
IlrIolol ; it beilhg c()mliIs.,edl oft' lie saine :alliuvial so,, 1fil ,I Elf(thesl iells ,1 und:
Oil Itie suilrf'lace, 1lt ill a muIlch biettet'r state of' lpreservation ; bint !mo arrow-whead!s,

26 s
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chilppings of flints, or fragments of pottery, now covering tile surface, wero

iifundl. h'l'lie wouldhaIve Ie(en abundant if tlhe mo1nd0 had been erected subse-
quenltly to tilemillllnfactlur of tile. pottery and arrow-heads at that place. Sill.
rleflraugents of pottery were found, but thesl were painted and of mtuchl better
(qulia lity thaiii lose 1fo11ud uponi the ilsfe.
The mounidwan - couipo.'ed of alternate layers of earth and ashes, showiin

that a surface oftile size ofthettop,lwhien finished, was kept substantially level,
and raised only two to three feet at a time when fires were kindled, which must
have lieen large or continued for a long time, astlie alimount of tlo ashes and
f'rairments of charcoal abundantly indicate.

Near tile centre of tlet (llound rows of stake-holes were found, as far asfol-
lowed, Imarking two sides of a rectangular parallelogram, which, continued,
woulli halve formed an enclosure aroundtile centre. In somno of these were tlie
remains of thle wood and bark; Iotenough to show tihe marks of tools if any
1had l)eel used. lThey penetrated tile natural surface of tlic ground to tilc
delpt ol aliout two feet.

lere, iand at about the same level as at No. 1, were found the skeletons of
which thle skull-bones and otherparts are marked No. 2. 'Tlhey were appa.
rently theI(einlills of a youngish woman aud two children, all so far decomposed
that oinlytile pails sent could be preserved. T'lie larger skeleton was il such a
positionn as a person would take if' kneeling down, then sitting upon tioe feet, tlo
hnlids wero brought totile lhea, andll tile body doubled down upon tl knees.
'Ihe head was toward tile south. 'Tli remains of tile children were found at
the right side of this)body, tile bones mingled together.

About two feet directlyilldertilese, the skeleton, of which tlhe skull islmalned
No. 3, was foundil(in a similarp)oitioll it is lsid, (1 was not present when it was
taken out,) with the (one above it.

1 attelml)t 110 descriptionand1i indulge in no speculations in regard totileso
remains, as I have decided to forward them to you, for tile examination of thlos
wlio can compare tlhemlw\ithl other skulls, a1nd are better q(lalified tomake a

properlius of them. They are unqulestionally of tloe ago of the"' moullld
builders."

I enclose iso, malirked No. 4,remains taken from between two flat stoiies
neartile surface of tile moulnld at point marked No. 4. 'l'hese are doubtless
of Indlian originl.

I enclose also a poor ulhotograplh oftile mound after it hadbeen cleared and
ornamelitedb1ytile gardeners, showing his ollice, arbors, seats, &C.. oil tlte top,
and guards andT laborers in front. It will serve to give)you tile loutlille of the
m111(nid.

It was mlyl)purpse to onttilehe examination further; to follow round tilc
line at No. I; ascertain whether other bodies were buried il a similar position;
to looIik for ai Colllletiton oft 'tie parallelogramlat tilte centre; to carry a shaft
upward to tlie top, and connect and measure tile successive layers of earth and
asles ; lbut tile simultalleous fililng of tlle heavy gulls in tle forts about Chatta-
lil.,II:,a:t tle celel)ration of Lee's surrender, p)ro(duced such a shock tlhat the
llId (1 ca'vd ill,' llburying tools, vegetables, &c., to 1e found, perhaps, by
.'>,le fIuture explorer, as proof of tile intelligence of tile race of tlie Illould
Ibmilders. No other works are found in tlie neighll)orhlood, but I obtained verbal
inlorlimationl of very Ilany liloun1 5(, stole forts, rock inscriptiols, &c., &c., ill the
.t ate, a careful examilnatiol of wlitel might throw munch light upon tlie charac-
ter of a race who Ilave left no other records.
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ANCIENT BURIAL MOUND IN INDIANA.

13 WILLIAM PIl);EON.

At Yinccnncs, Indiana, in 1859, ill thle remlovl of a battle burial mound, I
noticed features altogether unlike any I had previously seen. It seems not only
to have been used as a deposit for tie fallen warriors, but also as a place in

liter times where bodies were consumlled by fire. 'llhat tis ws s a custom of thle
mound llilders for many ages I have n;o (ollult. ''llis miollnd was removed
froiii a1lat of ground owned by IHasselb:ack & Co., in tlhe suburbs of thl city,
and occIupied as a distillery stock-yard. It was larger than mounds usually are
of that description, and at tlie time of its removal it had a (diameter at the base of 66
feet and it perpendicular altitude of 16. I think it wass originally more pyramnidal
ill form, its expansion at tieo base having been increased Iby the tread of animals.
It has frequently been observed in tile forest, where civilization has not yet
reached, that tile battle burial mounds haven an ltitide of about one-third of tho
dliameter of tile base. T'llis Inollnd, however, was tlhe placo of resort, for two
years, of' several hundredlioogs anl(l cattle, enclosed within less than three acres,
althoughtile surface, destitute of vegetation, seemed to resist all impressions
from tile hlioorn, hloofs, or snouts of tlhealnillals. It was removed in a manner
that favored tlie most critical investigation. ''lie excavation, Ieginninig at tho
,lth sid(e of tile base, was continued on a level to tihe opposite side, presenting,

in wvell-dcefilned outline, four sel)arate stratifications above the first, -which con-
sisted ofla led of humani)i(al es0, arranged iil circle of 18 feet in diameter,
closely pIackeld and plressed(l together, so Iiimuch so tliat it was with diticuilty that
we raised from the entire mass two leg-lolles retaining their primitive length,
hicrll Nwas twvenity-seven illnches. ()hers( lo' erf:11nd sllorter were seen, b)ut colul(
not l)e disinterred. Around tile outer edge of this circle tile stratum was thinner
tliani in the centre ; skulls, legs, rib and back ones lying promi:scuously
miinglledl, indicating a l)lir of' bodies thrown together illn l)yramidall form. 'ThIis
dl)po.sit was covered witl at stratmll of tough, grayish cl that resisted satura-
til, almost as well as tallow; tlie stratu:lt of )bolles and clay eacli being thirty-
tlh(re inches ill depti at tile centre, tile cl. retaiinig its thlickness thrIughout.
'1TIe tilrd stratlu:li waseoLco osed of eartl lil at s(eemied to Ibe foirmll of ashes,
with ani occasional specek of calcinled bone thrluighlut the entire mass, lit ablndl-

nllt near lie centre. Atlove this wa\s a twel(ve-iclll stratum, reseImlbling tile
sublsoil around tlie mouid, tile whole being covered with clay that resists satlu-
Iationl to an extent that, if protected by grass, would resist tihe elements for
centuries.

ANCIENT REMAINS IN C0101.A1)0.
B13 E. L. BawIIt'lor'u.

MAY 21, 1867.
About half a mile west of Golden city, Jeffliei;n county, (Jolorado territoryy,

anld nellar tI(he entrance of' til' cation of (Clear creek, arl' ruins, formed of an old
Ir1okei d, wn circunliiv'allating' circl(' of rough tol(ne derived from tlle neighboring
mIlloltaiisanld a sandstonle ril ie soluthll of(lit le. ' 'lhese( rlis are at tile jJunction
of' ta ravinei(t t(e1 feet ill depth andl tile lied of' tlie creek, which is abllout twentyl feet
veiticailv below tile wall. A large amioulit of' stone hlas been taken 'for fodunuda-
tion walls, &c., lbut ellolgh remains to give an outlilne of' its positioll anld shape.
Th'le stones are in many places imbledded in tilhe soil anl1 mossy within age. On
the soiliti side is at lit twelve feet wilde andl about fifteen to eighlteCen iiclles (ee),
shaped like i saulcer. 'The central mound, very pllainly discernalle, is nlowhero
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lver one Iot hligh, is formed of granitic sand, and around its circumliference are
lhe evidences of five or sixsix shailliw lits, surroided by ai stone enclosure nlO
almost all goneamd traced blylbrokenl fragments of stone, lrnlit hones, &c.
IBlthi in the central il(oundil(, in tile outer wall, ndl ill the soil of tile neighboring
pit:s and ridges, are manyiy old decayed bones of b)llaloes, tragllments of antlers,
&c. Nlililnii'iiremains,nllr tny tools, ideals o sut si l saniy kind, except
two flint fragimenitsi (and a niuimiber of plates of Ilica, were discovered.

MOUN')S IN MISSISSIPPI.

B1 SANMUE A.A. A EW.

(urtN'row', Miss.,tss.anutary 11, 1868.
While readtln, the artiMl(e (,n' " tie ancient (arthworilks ill thie United States,"

;i the ap}liendix to tlIi: *iSmitlhsonllian 1et)po rt fo;r IJiG, I tlugill thatpterhalls I
!Lilght1)te alIldeI to lilfish sol tfl(ts I'elatill to tils gIlerall subject wlich Inilht
Iierll:lls c((tlltrilbute Sonliethling to thoseO eniagmd ill tile studl oft ancient Inldian
Lt'IliiIIis,antil I v\entu'e it lorw'ardl'\ hetlli to ll Institutioln, altlho(llut i :a11m Incer-
laill wh(etller or not what I Iniav state( is Illlkllown to tllose pltrsuilng, sluch studies.
)ille relliarlks "'lio e:arthworlks (o alll kill lwere seen b!yhim iln 11ississiippi."

I ail a citizvnt of that State and havetx resided here fifteei years, and being a

linisler of tlie gospel haveliadI cl('csioii to \viMit dii'lerenit sections J f this lpoltionl
tf tlie (:conilrv. D)lingl my p)(''regr'iliations several ImI)Iounds have alttlrac:tell 111

attention, andi I will proceed to note down tile localities of those and of' others
of which I have some knowledge. I should state that lwhen I mnilitio)l tihe
height, circiu'tlfren(ce, or area of mouilnds, the figures are not the result of Ile'as-
i'emielint lulofl an estimate Iliade froml' their appe)l)arance.'1'Ti' following comlri'ies a: list or sonie,1 the imoulds in this portion of thll
comtry:
No . . On tile land of' Jolselph Agnew, on C:amp creelik, ill the southeaster

lpart of Tiplio evmiitv. It is abottt tel, feet iigi andlhas several trees growing
oin it. It has never been diig into.

No. 2 is near Jameliies W\\il(y's, ill IPot(totoe c(ulity, six miles west of Ellistown.
It reseilibles ill appearance ami is abolt thile sae height. as No. 1.

No. 3 is near Johln M . Silp)So's, live miles southeast tof NSw Albany, il
l'Poitotoc cuiltv. The road cuts into oi)ne side of it. The elevation alove the
si'li'c' iS Six or' igi ilt 'feel. u111a11Ilnibolles were f',illnd in tlli.11imind1.

No. 4 is on lienoithi side of1'Tallahatchi,te 1iottil, on the r iul from New
Albainy tto lilpley. Its topl lIs lbeet flatttlened, and vwh\Ien 1 last saw it, eight
v'ear:sat?, a. neat little residel'ce was\ on the suMlliit.

No. 5 is ta lai'Lre Iio()i iil I'lltotooc(colllt ', nea'r tie residence(( Willia
I 'arkls, b)eltw nBliltteiei,ictcu ila anid Ocollitalatc(hie creeks, alholit tenl miles
sotllilwe(:st (of N(ew Albany. 11 is (pu:idrantitilar, with at flat top), and contains, I
suipplse, :s m111htas a !half a.rie of level hlai on its smnnmit. It is fromt ten to
fif'iteen I'eet higIth l1 I thinkhlis Inotl)Ieell examiiinlle filrremains.

No. (; is ii'l'islhmililln o creekI)bottollniiear Dr1). Selinal:nl 's fartili, five{ miles
west of tllis piplace. Its s;ilimit emblllraces all tita fr o nle-(piaterl to half anl
acre. T'lrs: ar growillng on its sltlrft'ae. I did nIot ascertaill its height.

No,. 7 is onil hel( sale creek,lnear )unican 'ark's, teln feet high, andl about
thirty I'eet in diameter.

No,. 8S, near' Mr1. '1'. A. Sithl'li\'la'S, illite , is ainther Iilllltnd tell
fet hligh!. Tw,, large pos!t oa;s are g ,ow'ing )11 its top}. It was d(tig ilnto

ceased.
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No. 9 is a mound which was oii the Faine place, in tile same neigllhl rhood,

tile surflalce of which was cultivated. In 1860 a silver tlilmile, was l)oiughed Iup
(I, this Imil(lnd, whicl is in l)ossetssioll (,f Dr1)i. S(elilllln (1 Ithis llaWce. lie savs
that it is 111111 lIarger tllan ordillarv-sized tlliibllles, iand is of tlie olini)on tlhat it
is a relic (of' past tililms (evildetly of al c ivilized p)etlv).

No. 10 is al I1olldl iln 1Mr. iJllnJlgriiidge's filrln, near' Birmlinlgham, t le surface
of whllicl is c(illtivated, which wals (lugi into (Cigllt 1r tel years ago' and pic)es of
ipottery wili strallngetigire'(s ol t lI discov.rIed. ilSeriar-rinigs were taken
ro sm ie anci 1t graves Iadaceiit to it. All of' these mouminds, fro'(m No. 6 to
No. 10 illcilusivv, are sit latied lfo live to eiglit miles (west ofl this place.

No. ! 1 is a miloulih twon mIiles above 1aldwin, anil within ilfty yards of tlhe
MobileIand ()hio railroad, o ('considerable sizv. An Irishmanil (lug into it just
previous tothole wa\r, hut I have nt learned tle result ot' hlis explorations.

No. 12! is a ounildl six miil(s southeIast of' No. 11, oil Micheli(or's near Mana-
t:i(hii creek thlirty or fort y fiet ill circilferen(lce. A hiclkoir tree two feet in
diameter grills oiI its top. ''lie moindl is viilgt feet high.

No. 1 : is at lar'.e mond neaIr Kniighlt's nill, ill thiis (comty (Lee.) Its lsnim-
mit, c(otains :lboult half ail aclre; aI dwe\\llinl and well is on tlli lllond.

No. 1.1 is a limall 1m11oind linea' 1)r. Maas, two imil es east ,of Ellistown, eight
fletllhigL, which las af red (ak 'rwillg on it, three feit il diaimt(er.

No. 15 is a ilile south of' (iiuntownl, In the MetIlls fai'in, sixty yards in cir-
ciumfeirece :alnd eight or ten feet in hi.ighit. It is cliltivated.

No. 16 is atg'1ou) (If'so1ne Seve'l or eight 1louliids, ill T'w\\ety-mnile (reek bot-
torm, at a distance of from eight to fifteen miles east of thlis.

No. 17. 1 have heard of aliothelr Ioulndw,iclliel ougllt not to olmit to meln-
tiio. It is (Io the I1ottom (low ground) (of Y(o'ril)ie c('rekl, three miles south of
Blirminlhaml,onl the lands of John A. McNiel, said to 1Ie ole hundred feet high,
and cov,.ris 1an are1 of a half a:cre. ]large trees ail(e growing over it from three to
tlhree and a half feet in diallleter.

No. .1. Near tliis m111o d, ill tile same creek bottom, are two other mounds,
large, onl tile lands of a Neiw York I:lltn company.

I"roim all tlie ilifolnmation I have olbtainedl I believe that there are multitudes,
I ,irgilt tr ily sa:l hllundreds of llmolills sc:ttereld over T'ill:al, lontotoc, Lee, Itaw-
anlla, and isllhomilngo C(ounties. I ant informed that tliere are several in
(sctil)lbehia county, and perhaps it night be safely afnireed that they may be
fo111( ill tle greater part of tlhe State.

Thle irlouinds are, so fair as myobservation extends, situated adjacent to water-
couirses. They tlare generally p;laced(l ill whlit vwo call second b)ottomls-clevated
level land lvyiig betwecel tlie Iottoim lpro(per aind tile hills. Some, however, are
in tle low ground, near the water-colilses. They are 'ifoun on 'Tal'lahattchie,
()coialitll chief, Yorriie,oiCmllp creek, ''islhomiilnlg, 'lwenty-mile creek, Malna-
t:aclie, &c. \Why they are alway\s so situated 1 a:ll ulnaile even to cojecture.
It certainly is Int tlie result f1' el:ance.

'The Ip1ulilar olpiniion am:ilong thle pln,(l'I is t liat tli(e imoundlls arelaces of Ibrill.
llIinluilie.s were folunld ill one n(ar .J. l1. SimpiIsolls. A gentlemIlain lnot fIl'
lroJI II(e.( 1I(1ed til earth of ta Iiomind firl Inall;illg, I lickl. Ile found, to l se the
('lpression of ailother, '' a I('ap Ocl' lsiand1i( l)iecc (o'isinll'lass'. Ill theilnmound
nlear Slil livian's, aslies were. foll llud.

Anotlher fact is, they are lnot conlfinled to a pa:rticutlar locality b)lt are sc(attereid
tll'iri lieh conllilt'y.Soel(timiltes a: )litaly mlound111 statnll ro(I'rllOt IO ter
atilld laiiil yoll wAill sometimes find several grouped 1near: (ach other.

I hlave ino d(olubt tlat a tlhoroluglh explorationoll (f' ioitl Mississippli (and I might
include tlie whole State perhaps) would show tl:at iloiiin(ds abl)ound, :1and field
offers more abu(indant materials ill which to search for tile remains of a departed
race.
While writing of these Indian mounds, allow 1me to direct 'your attention to
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a fact which may or may not be of importance. Nearly 12 -yars ago I had
pointed out to Ime on a long ridge, between Joln's creek anld l'rien(ldship church,
in ]'ontotoc county, the remains ol' ancient ditches or elibankllmenlts. I did iot
examnill them closely, andll h(ence Clannot( describe thenll') satisfatl(li'il '.''he
direction of the ditch or mllllankment could be clearly traced b tile tve, and,
according to my recollection, plots otf ground in tlio shape of parallelghramsll
were enclosed by tilese ditches. I was told that tlo first settlers f;tlund these
things Nwhen they came to the country, and ttthat tle Indians (id not know w1ho
had made them, or wit wiwhat design. o'I' e they seemed too regular and exact
to be the work of ignorant savag\tes. 'Tlie idea sutggstcd itself to my Ilillnd
that perhaps these ditches or ellmbankmlent;s \re tli r ite remains o i'o,ilicd
camp occupied byD1o ISjoto, d(ll'ilng his famol s march through this regiol of
country. I believe that our histories relate that he spent a winter ill camp in
the C(lickasaw nation. But Imy knowledge of tlie tietlhods of flortification ill
vogue at that period is so limited that I am not quailield to venture ani opinion
on tlie subject. But the intelligent anltiquarian might in these !remains lind a

clue which would thlrow some light on tile past, and interest tlho historic wVorIl.
All the accounts tliat I hatve seen of tloe wolnderfull march of this Spanish

clieftain agree tlat. Ihe spent, inl 16l10, a cheerless winter among the Chickasaws,
hiri speogrc:)ileg imnltedld )y implassablle rivers, &c. One historian says his
callmp was on tile Yazoo, ibult this 11must le an error'. It is gllenelrally conc'eded
that lie first reached tile Mississippi near Melmphis, and inl larctl'hillng frontlthe
Chickasaws to that point lie would not see thle Yazoo, which was in tlhe Cloc-
taw country. iSomle \writer (perhaps Wailes, ill his Geological report of Missiis
sippi, 185G) states that Do Soto was iln I'ototoo county. Now there is no

stream between lPontotoc county atd Memphi s so likely to hinder his lnarch as
tle Tallahlatchie. Ience I think tihe cheerless winter lie spent a:nl(:g the
Clhickasas was on the south side of tlie Tallahatchie river. 'lllese remains
are a fiew miles south of tlle river, and p)ussibly this may bo the very place
where De Soto called. If tlie locality remains iucleared, as weln 1 saw it,
1 have no doubt they cant still be traced. And should their examination he
deemed of interest, 1 will with tleasi're direct any ono to tlio gentlemant who
pointed them outt to . x nation igt demolish my theory, for you
relmembller that 1 disclaim any knowledge of their character or extent. All that
I can state positively about themll is that they wvero there whent the colllltly wtas
first settled by whites, and the Indians could give no information respecting
them.

Captain 1B. F. Lolghridgo inforns me tllat in 1852 tlh silver front of a cap,
with thle 'rench inscription: " Dieiu et lmon Droit," was picked up oil his place.
This, probably, is a, relic of tle Bielville expedition against the Chiclkasaws,
about 100 years ago. Il tl(e old IlndianIfields near Jlarrisburg in tils (Lee)
county, clninoln )lcalls have )been picked ill, land otlir evidences of a battle found.
'They aro p)rolably relics of the samo expedition.

CAVE IN CALlAERAS COUNTY, CALIFORNIA.
BY J. D. WIIITNEY.

Tho following is an accoullt of tho cavo from which tle skulls now in tllo
Smithsonian collection were takoel. It is near tlh Stanislaus river il Calaveras
county, ol naIlleless creek about two milCes 'fromI Albbey's ferry, ot the road to
Vallicito, at tho house of Mr. ltobinson. There were two or throe persons with
ile whlo had beentietlh Iltlce before, andl knew tlat tlio skulls in question wCer
taken fromi it. 1'Their visit was some 10 years ago, anld since that the condition
of things ill the cave las greatly changed. Owing to seooi alteration in the

40cG
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road, mining operations or some other cause which I could not ascertain, there
has accumulated oil the formerly clean stalagmitic floor of tlhe cave a thickness
of some 20 feet of surface earth that completely conceals the b)ottonl and which
couild not 1)e removed without considerable expense. 'I'his cave is alout 27 feet
deep at the month, and 40 to 50 feet at the end, and perhaps 30 feet in diameter.

It is the general opinion of tlose who have noticed this cave and saw it years
ago, that it was a burying place of the present Indians. l)r. Jones said liet fioun
remains of bows and arrows and charcoal with the skulls lie obtained, and which
were destroyed at the time the village of Mulrphys was burned. All tle people
spoke of tlle skulls as lying on tile surface, anlld not as brrited in tlhe stalagmite.
Th1 skulls should be examined by some craniologist, and then if the resulldt
make it worth while to have excavations mado in tlhe cave to see if anything
further can be discovered underneath tlhe soil, $100 would pay tle expenses, I
presuilme. In thle mean time everything will remain as it is. 'Tero can be no
further harm done or material carried away.

I visited several other caves in this region, with negative results as far as l)ones
were concerned.
[These skulls were, withi large nlmbler of others belonging to the Smith-

sonian Institution, examined 1y l'rof. Jetfries Wyman, whlo discovered nll pecu-
liarities by which they could b)e distinguished from otherr crania of Calil;lniia.
A complete series of measilrements could not be made of their several dimensions
without removing thle stalagmite which encrusted nearly the whole surface of
ea'ch.-J. II.]

ETIINOLOGICAL DEPARTMENT OF THlE FRENCIl EXPOSITION, 16SI7.

[Translated for the Smithsonian Institution fron; tlhe Revue des Cous Scicntifiqucs de la F'ranc.
et dec l'irarigr.]

5M. C. do AMorlillet is about to publish an octavo volume, having fir its
title "(Proe-historic Ramlletsat tile Universal Exposition," (comnprising a descrip-
lim of thlat part of tlhe collections which illustrate 1our knowledge of l1e works
(if industry, as elaborated by our first ancestors, awho were contemporary wit tihe
great fossil animals; for scientific research has penetrated into that era, and is
iow s(eekingt res)tore to Ius their custosIIl, iode of living, an, in filne th' first
1rudiments of civilization. iumerons figures are given rellresentilng tile l1mst
curious objects to b1)e found ill t1tisswctioi of t(he Ulliversal Exposition ; indeed,
thli richestladl most instructive ever a:tssembled ill one place. We borrow Itho
following passage from this interestingl, work, exhibiting tile most recent disco-
veries in pre-historic anthropology, and upon at suil)ject wllich holds a plale inl
the history of mankind analogous to tiat of geology to the history of the earth.

ART IN TIlE CAVES.

(First French corridor of the history of labor-first glass case from tlhe centre.)
lThis case contains an exhibition o(f tlhe state of ar t the period ofthle rein-

d(eer, or tile second (cave epoch. Th'l'lere a(re 51 exceedingly clurious1)pieces-a
wonderful (collection, which(llas1een estimated at a million francs by anll ama-

terli, who made an offer of that s1l if tle wllole should be tralsflerrled to hiim.
Unidoultedlly they.are tie lmolstl originalwil o)ks ilth1e 'Exposition of 18(67. N,-
thililg similar has ever before beel exhilbited. ()t very recent discovery. aild only
ill part as yet seen by tle lpubllic, they have never )been 1broulght together before



408 ETHNOLOGY.

this time. It may further be stated that they are exclusively (of French pro-
111ct iii, MoI le such haviJg as yet Ieeiihict with elsewhel'e, and even for France
a l' tllv Illt rIlse'ltt d gioiII ed ill a small Coli'erl oiltlite southwest part of the
em11piP. Jurc !reay almost say that ill those obscure times a ,feeling fior art. had
adlieid its llappealrneCP,' vlas lerm,in-' -raduealaa development in a limited
circle, withil t 1preading'(,.iaoll ljatlri'l es,pIosses.s-ed o'f similar 111anners
andi ci\vilizatioi. Ill fact, it is ,nily maihe applarenl atpresent llit e rtepresenta-
li,,l of org.aic beills',by alnimalkso' plallts, ill Dordogn'e, (1]he principall centre,)
V'i.tie, (.'ianreiite, T''ai'ii-et -(iar nlne, and at Ariegoo. lihe reindeer period with
it.- various illhistry 1as,imoweveri, bien rec)gnjized at many points in tlieteasterni
ptart ofd'F1'ance. It lias viclded a rich harvest ill Blel'iuimi, where it. hasCelen.-tldicd,! witll c.ltirelby 51. 1doaird Jpont; finally it las been upiced ill\Wrt-
embe'llL'', not far fromll Lake Colstall(ce,b)y M. "Frais, blit neitherofl these stations
haveflurnisihed epru'eseiitatioins of a.iiiiials.
The sbilsta si nwhich tlie artists of that period worked lar sometimes plates

of sto,ll more 'or less schistose in character; likewise at times the ivory f''-
nished bvyti. lieextensive gnlls of t lie am:iimtl iithil, oi' s iotml portion of' hisbor oes;1l1t tle Imost, common material was the horn's of' thoe ri''iideer', more1 thathall'of
the objects on exhibition having been sculiptin'ed ili it.
(' lite ;51 pieces on cxhibitlion at :least 12it'ftlueil ;el ,nm to those staffs,

pierced witl e or ore larg stet t Iase. ''l'le exceetdingi care taken ill
ornamlienltilng these objects fully confirms tlhe opiiiitl o(f AI. Lartet, who looks
upl)On them as insigniat of ollice or batons of command.

Six or seven other scultu'red pieces below mg to nthise. implements so sharply
pointed at the upper end andt bevelled o' silped offl' at the base. This shows
uis that they were Jllnce-points or leads, since they would never with so iinuch
pains have orjnamlented their arrows, which wvere to be lost at thle first throw.

Upon some of these lance-points, as I have already stated concerning tlhe
second division, the slope of tihe base cutsll away and destroys it part of tledesign.
Ini certain instances of'tIese batons olf police, piercing the, holes lias produced tlie
sai1ie effect. All this shows that these people placed art above industry. In
trutlhi, they were eminently (lislposed towards art. In their etarviig and sculptures
there 'illy be observe( so0 true a flIelhig fior fornm and movement that it is nearly
'lwits possible to proliouncei exactly what animlil is represented, and to perceive

fullIy tle intention of thle artist. There is very considerable liveliness shown in
the tricatment, aind, althollgh only tie infancy of' iart, real art it inconitestably is.
'These efforts are ftlar, very falr rem'lloved fi'roil the clumsy, rough draughts made
by children, and particularlyl tlihe rilicullois couinterlieits, caricatures.

Thc mnitt h.-Statdinig before t his Case nd 'oliti the centre, there is
per'ceived ai largo plate of ivory, comltig fi'romni Madeline, inDlordogne, (exhibited
by AMM. Lartet :alid Christy,) lupon which is engraved, ill ,I sketchy manner, :in
elepht lit with swellilng foreeliad, very little eyes, anld lhmng triink. What is still
llmrei ilnterestillng is that tle. tail of' the animal is clothed with long hair boring
lan ample tiluft or brush, which proves that tile design is not to represent our living
species, bInt itt of' tit; imiatiiioth or l.img-hlairl!ed elephant. Above it is tihe
l.,xv\.r n.Il o,' an~ Illicial stail'or }l[balon ( reindeCr! orn'l, carvell into al elephailt'sleadl witli 'protruding forehead, on either side of which ImaV be seen a large ear
aiid a small ve, atld tihe trullk is ieaItll 'irrlalged extended along thie base of
lie batonll. ''Thlis specienitiI which belomn'gs to 1.\Vibrayefc oneso La'nge.ie-]Jasse, in D)ordo.gne.
Close alit haind is a piece still 111moro completee ; it is aili entire inammoth carvu'ed

'tion tihe broad antlero' ta 'cindlier. Th'lis specimin was found uinler' thei shelter
of ai rock lit h131i'(lpiel, (t'.arl. et-(,Garon(ne.) antId belongs to Ml. PeIocctadeltlil tie
'l sle. 'l'he four litilbs are .it once reeognizeti, straight, thick, without sensibh!'

jo.ints, a]d tel'minlated by lar!g t' et" F'rom thie I'roit passes out the lhaft of
a ponliard; if thehbroken stump which is lelu b!. takeiln awav, it will blseen that
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the animal lias his head lowered, and the elongated trunk extends (down, to
1 ttween tlie two ',ront feet. 'Ile Imoitlh is distinctly defined ; the tusks only are
not exactly in their right'lit position, since, for their slisppor't, it was tfond necessary
to lay tlieii out against thle Ildade o tile poniard, causing' then to be placed higher
than i1hey should bie, and consequently locating the eyes ill a somewhat abior-

al trelatisot. Thils elephant, so well characterized by liis large, flat feet, his
trinmk anld tusks., is certainly tlie ilianniioth. Ini fact, the sculptor hlas given an
clevatioll or during to Ilns tail,vwhich having' beenbroken o(i, as may easily
1e seen:, tlie artist has drilled a hole front one side of the painated antler to tho
other, an!d has inse'lted in thle lhole another similar calidal appendage. Exist in
llphallts lhaing but. little or no hair, have no ftietf and d(o not trll the tail

,ip. Withl thle mainiinothi, however, it was far otherwise, having' a felt thickly
compNoliMlded of wool and liair. 'llie elevation of tlie tail may also be noticed
in thle carved mammoth on an ivory tablet of M. Iartet. Very probably it was
tie accidental fracture olf the tail of the mammoth which induced the artist of
lB'rtiniquel to arrallge the tusks a little out of their normal position in order to
give them a niore solid support against thle blade of tlho poniiard.
The rcimdeer..-A c'rio!s, mlfinished attempt toiltmake a dagger of a horn of

reindeer, coming to us fi'oim Lang'erie-Blasse, exhiibit!ed by MM. Lartet and Christy,
explains )erfectly tlhe preceding Slpecimiel. hleihandle is 1o,rimdul of, a reindeer
c'rvc'! I with hi.s nose projecting towards tlie antlers flattened on his back, tho
front legs ,bent under his body so as not to wound tlie hand; the hind legs are
stretched out so as to connect tlie animal ing e handl etheothadleto the blade of the
dagger, which is inserted in the posterior part.
This specimen is entire, but the carving is unfinished. This much cannot be

said for two other poniard handles likewise representing the reindeer. They
were also found under shelter of the rock at ]Bruniquel, as thliellmamnothi just
described ; they belong to M. PIeccadeau die Isle:1 anld are of' ivory. T'levy are
admiral )ly sculptured, nicely finished, and executed altogether wihmhinIucl art.

inditoubtedly htis is superior to any specilenel hithlerlo discovered. Theo two
reindeer liamdles have the nose of' t lie beast extended forward, a l)position into
wliiclt it is forced ,by laying thl alntlers along t]le back. Tlie blades of these

thle tbodly, and tlhe hind legs were stiupported against it, tihe front legs being folded
under the body. In the other, oni thie contrary, the blade piases oit of tlhe
anterior part, from between tlhe head and tihe fore legs. Tlihe hind lergs, being
pI'jected beyond thie body, unite again at a certain distance, leaving an open
space betvweeu them, which iil all pro babtt li swervedilityswerd te purpose a ri g, b1,Imean'sof which the lpoiiard couldtlbeIii ii' l l). itl tleitaiimmoth lite space
whicli was between hlie legs, 'closed at tlie. feet, aswe'red tlie sameli'purpose.
Below liese( two handles for poniards will lie found a flat piece of schist(osO

rock, on which is engu'raved( a sk(etch of all aillorous 'combat of thle reindeer. M1.
d(. Vibrave is tlie collector of this specimen, this trite pictutire, at La.ngerie-Basse.
A male animiial is seen in pierce attituide, which, after having made his rival bite
thle d(ust, approaches the female in all aliorois manner, of,1' wlhichi nothing is seen
blut tile hind (luiartler. This decomposition (1' qilit(e a (complicated character', ren-
de.red\iwith a trIlue.feeling' finr tlie. sitluati,.l,is execulted within remi'arkable sprigittii-*ess. Each of tihe animals is drawn as il' none otler was 'preselit. Thuis tho
legs f t lie defeated ei'ihdeer, wlhici ouglit to be concealed by tlhe body of thio
female, are, notwillthistanding', filly and lveatllv renpresenited.

lII oile of, tlie angles of this case Inaiiv oilite' carvings of tlite reindeer Ilay lbo
seen ; aiioing whicliole ImaN, e cited, a very handsomiely scllptIiured head, from
Laingerice- Basse, b1ehlo ing to M. de \'iluave, and a fragnmienit of a stall'ff oillice,
n wlihichli is carved a fawni of' thlis de.r with spotted skin, accomlipanied by its
dam. Th'lis niwo'iu, o(i' the collection of' M5M. Lartet and (C!risty, colimes f'rom
Madeline. F'or tlie sake of tile locality mention miay be made of a fl'ragment of
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a lance-hiead from the grotto of la Chaise, (Charente,) belongiln to MA. Bolorgeois
on which are carved two reindeer.

Careicger.-Th'le central line of tils case is occupied, beginning at the left,
by '1 flrIaglmelt of a statf' ot ofilice, from lBruiqnel, (M. Brun,) on which is neatly
carved a large tiger. Its lead is rendered perfectly, and comparing it with a
fine craiiinlii found in this case, fronting the spectator, traNve 4, one easily recog-
nizes it as tlat extinct species which the people of Bruniquel intended to repre-
ient.
.3an.-Above these objects arcpllaced somo relpresentations relating to man.

T'lHelrinci)pal one consists only of a friagmenlt of anl official staff, from Madeline,
(MM. Lartet and Christy,) on wliich is engraved ta sialllhmllan figure of a thin
anld clolngated shape, placed between two horse'sleads followed1 y a serpent, or
a fish resemblingg ian eel.
Next stands a small statuette in ivory, from Langerie-lBasse, which ias been

designated bl) its owner, M. (Id Vibraye, as an obscene idol. It is a female fig-
ure, thin and elongated, tie sexual parts being very large, and the posteriors also
prominent. 'The lead and feet are wanting, lhavinig been broken oil in ancient
times; the arms never existed. A little on one sidemaIy be seen a piece of a
lance-head from Madeline, (MM. Lartet and Christy,) on wlich are carved in
bas relief', one after the other, a row ofhands, so shaped as to exhibit b)lt four
fingers. M. Lartet lias called attention to the fact that certain savage tribes
still represent the hand in thisIanner, omitting the thumlll .

The ape.-Adjoining theseliuman efligies is'1small plate of bone from Bru-
ni(luel, (M. l'eccadeatl (d l'sle,) on whicll is carved the lead of an animal
closely resembleling that of' an ape. No fossil bones of this anliial have as yet,
however, been discovered.

The great bcar.-At the end of tile central line, right side, is a schistose peb-1,e, having. onl a flatsilflace. a sketch of' a great cave bear. This design, dis-
covered ill thegrotto ofMIassai (Ariege) by M.OG rrigom, can only oe seen with
dificultv. At time time of its discovery tlie delressed tracings were partly filled
by incrustations whliici served to rendler it more plainly visible, but having passed
through numerous hands,1 v which means the surfacee was more or less rubbed(,
these imcrus:tationshave at length nearly disappeared, rendering tlie sketch but
feebly visible.

S'tag.-Next to the pebble of Massai comes a piece of stag-horn from Made-
line, (.MM. Lartet and Christy,)ol which is carvedain ordinary stag.

The alurochs.--In one of' tlhe corners are grouped different representations of
thisl)bll. Amongo others a head carvedoln a'einlldeer horn, being the lower end
of a baton of olfice, from Langerie-Basse, belonging to M.(d1 Vibraye. Other
heads carved in thie same material or on bone exhibitihandlsome types of bulls,
whicll should be referred to theaurochls. One isparticularly remarkable, from
Langerie-:Basse, and belonging to M .iFrom Eyzis, also, )(MM.
Lartet and Christy,) there is a young bull carved with great perfection.

Hlorses.-l m another corner tile relpresentatio s of horses aregrouped together.
On a stafl of oflice ofi reindeer hiorn from Madeline, (MMI. Lartet and Christy,)
lmay bo viewed a carving of three horses in1amitaner perfectly characteristic of
the animal.
A very singular implement, made of reindeer horn, from Langeric-Basse,

(MM. Lartetland Christy,) which is armed at one end with a harpooncarrying
a barb, sllowsvc'ry near to tislatter appendage a finely carved horse's head.
The ears are carefully' elaborated-a- little long. If we connect thisftact with
what is shown in the carving of a head in this third trav6c, tli ears of which
resemble those of anl ass, we will be led to believe that at that epoch there existed
a race of long-eared horses.

There is yet to be noticed a number of different animal scattered through this
case, but more particuh'lay grouped in the fourth corner, viz:

The wild goat.-- tet)resenltations of these animals are brought from Madeline
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and Langeric-Basso, (1MM. Lartet and Christy,) anll from Massai, (Ariege,) (M.
Garigou.) Those which are bst executed are from Langerie-Bassc, on a largo
pallnatcd surface of reindeer horn.
Birds.-Somo figures of birds having a long neck, from Madeline and Lang-

eric-Basso, (M. do Vibraye,) very inuch resenmbll the swan. On a piece of a
lance-head fiom Madeline (IMM. Lartet and Christy) may be seen a series of
birds, one allowing the other, probably geese.
Fishes.-Thelre mayIbe seen a figure of a fish on tle harpl)oon previously

described as bearing a horse's lcad. A fragment of reindeer horn from Made-
line (5MI. Lartet and Christy) contains three or four fishes with their scales dis-
tinctly marked, even exaggerated(; and another skeletonized, as it were, finely
carved oiln a piece of thie lower jaw of a reindeer; it comes from LaiLerie-Basso,
(M. (le Vibraye.) Another, exhibited by M. Garrigou, brought from La Vaclo,
(Aricge,) is finely carved on a piece ot bone; it is thought to be a figure of tihe
morso. But tlie appendages regard(l by some as representing tlhe tusks of that
animal, seem to'imo to boe nothing more than the beard of the barbel, guidgcon,
or loacll, fishes common in that region.

Ieptiiles.-F'iures of difllrent reptiles moro or less distinct are exposed ; one
of a tlldpole is very neatly sketched on a lance-point, \which comes from Made-
line, (1M. Lartet and Christy.)
F'lowcrs.'.-The vegetable kingdom is infinitely less represented than the ani-

mal. AmIong all tlie figures hero recounted as filling the central glass case,
there are found sketches of but thrll flower . Two of thleso are large, having
nino petals, carved upon a lance-point, from Madeline, (IMM. Lartet and Christy;)
n(dl one of tlie slape of a tuli)p with a waving stem, also carved on a lance-point
from Langeric-Basse, (M. do Vibrayo.)

Conclusion.-Thlo contemporaneity of man and tle various extinct animals,
and witi tlio indigenous reindeer in Franco, is broadly, firmly, incontestably
proven by the discovery of these products of humani industry and skill, so alund-
antly mingled with tlih exuvia of tlese extinct or emigrated aninials, il the undis-
turlled qlarternary beds, and in the lmidst of cave deposits which hlavo never
)eoii manilmlated. In this relation an iiislection of tlie glass cases which deco-
rate tle left part of tlio first corridor of the history of French labo,lo eaves no
doubt on tlie mind; they fully convince themIost obstinate and increduhlos.
The case containing ia exposition of tlhe art of the reindeer period aflor(ls a

demonstration still moro irresistible. Alanlhas not only perfectly represented
thle reindeer, a nimal now emigrated to tlio north, but likewise thel( rea.t cavo
1)e.:l', tile cave tiger, tioIamlmotll which :reetilt, alild habitually tlie carv-
ings are executed oil tile soils of tio reindeer andImammnoth themselves. Be-
yond all question1imanl was the contemporary of those animals, parts of which ho
used for his sustenance, and whiclh lelhas represented so truly by his art. No
more convincing demonstration could b1 desired or expected.

NOTES ON INDIAN HIISTORY, &C.
BY DR. F. V. IAYDEN, U. S. GEOLOGIST.

JULESBURG, COLroADO TERRITORY, October 10, 1867.
I have made ome interesting observations ill regard to Indiai history ill tloe

course of mly geological survey of this Territory. Most of tlho Indians of tile
lower Missouri, as the Pawnees, Otoes, lows, Missourias, live in earth-built or

stationary villages, and have done so froin time immemorial. Tlio tribes on the
upper Missouri do the sane-Arickarces, Mlnansln , and Minnetans. All alomg
tlie Missouri, in theo valley of the Little Blue, Big Blue, l'atte, Lonp Fork
rivers I have observed tile remains of these ol( dirt villages, aand pieces of pot-
tery are almost invariably found with tihem.
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But oln a recent visit to the Pawnee reservation on Loup Fork I discovered
the remains ofl' a old P'awnee village, apparently of greater antiquity tlhan tlle
others, 1and the only one about whichlany sttneiimpllemlents lhave as vet bleen
found. On and arond tlhe site o(f every cabin of this village I found fill abund-
iance of 1brolkn arrolw-lha:ds, chipped flints, some of which must have been
blroughlt froIn a great distance, and a variety t of small stones, which hiad beell
ise(I as lhamuillers, c(lissels, &c. I hlave g'.atllerc( atlbout half a 1bshel of tlhe
fraigenilts iof pottery, arro(-hea'tds, ' nil clilp)(Ied lints, so,,me (f which I h1,ol) to
place in tlie museman oft' tilhe Smitlsonian next winter. No lawnee Indiain n\ow
living klilows of the time when this village was inhablited. 'Tlhirty years ago
ian old chie' told a missionary that his tribe dwelt there. before his iirtl, iut lie
kilinew inothtilr oflrtle use of tlhe stonet arrowI hread\ t\hou lie said, his people
used( tlhelinl Iefiore' thle iltroduictlion of iron.

Ti'is disc,\vter is interesting, as it is the first triple that I have ever been
able to find conflicting the stoniie age with tihe persons ii the Missouri valley.
1 have asked tlhe most intelligent Indians of moro than 20 tribs il the valley
]low far baick in tlie 1past lile Inliians used stonellarrow points, alai I have
received lint one answer. ''hey would point toward heavelln and say, "Tie
Great Spirit only knows. We [do not."
At I'in'me l!ltf', on (Cole creek, la ,branch of lthe Pla.tte, and on the line of the

Union Pa'ific railroad, there are Ilrge quantities (tf chipled flintsind arrow-
heads, shiowill that in fiorier' tlimes they wrought tlhemi at tills locality.

Mr. S. B. Reed), superilitendent of construction Union Pacilic railroad( found
sl)eimensitof pottery abundant, arrow points, and chilpp)ed flints on tile plains
near tile HIumoldt mountains.

ThIe ]pottery was nlade of (isiltegrated granite, as it was full of particles of
Iica. ''These remains lmay possibly lbe niodern, for the lDiger l dians, who
inhabit, this region, a low, degraded people, even now use flint arrow points,
though they use no )pottery. 'There is now no evidence tlat tlhe Indians of this
region ever used anylottery like that found, so tlat it may be possessed of
some antiquity.

I have collected considerable material in tile Omlaha, Pawnee, AVWinnllmgo.
and Otoc laingulagles for the second part of ethnograpihy and philology of tihe
Indlian tribs of the Mlissouri valley, land hope to have the imemoir ready fur
publication in tvwo years.

DESURIIPTION OF A IHIMAN SKUI.L IN TIlE COLLECTION OF TIlE 8MITI[SO-
NIAN IN8'TITUTION.

BY J. AlTKrE:N MIl(Gs, S, . D.

This remarkable cranium, No. 6439 of theo Smithsonian collection, was found
in June, 1866, ill a fissure of tlhe rock, at Rock Blufi, on the Illinois river,
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where this river is crossed by the ,10th parallel of latitude. The fissire, which
is three lFeet wide, was filled with tihe drift material of this region, colnsisting of
clay, S:Fd11 and ibrolke st(le, til whi(lIe 1)cilag covered will a strilla1at (of1 sIrface
sil. In this 1lie. which hlad appar'enly beenl undisturbeld sillnc tlie deposit,
was foaiind the skillunder collsideratlion, at tlie depth of three feet.

It is do(eltocepluli c and symeviietrically oval in forll, and is especially remark-
aIlilr fir' its grei l(Igth, for tlie prltulberance of tlle posterior or parieto-occipitalrc.ii0, tie flat ness of tihe frontal bo!e, tii great development of tilesuiper-
ciliarv ridges andl tlie mastoid processes, and tlie depltlh of' tlie temporal fossw.
'The !egithas compared vwithi tlie breadth is as 41 to 27, and within tihe height
:is '11 to 28.. 'I'lie, sagittal suilre lhas evidentlyi ldelr'onle complete ossification
at a c(ml)paratively early period ; a small potion only of the anterior part of
this suture sloiw'ing any traces iof thle serratiolns. The lambditidal sutmure appears
ti, haveI emomie ossified at alater periodt, and is less completely obliterated thatn
tle sagit.tal. 'llThe occipito-temiporal' slit(tres, which are generally tlie first to
ossify, are still open, as is also the coroial suture. Owing to this departure
fr'aom tlhe iisuial ore'l (1(ossilC':itim)i (do tie sultures the lateral oexpansl.iioin l lite
rai' lhias bI(.el iite rfered( witl, and its aliter-posterior orl'oigitiuiiial develop-
ment gr('atly favored. ''Thi, ('xtrieile el(o nggat ion'ii of t lie sk ull, Ithere:i're, is readily
acc Illted for'. Fr(II ti(lie superior region (lie skill widens out toward s thlie base
to sui(!ch a l extent that tit(.ilte t(rlalst(oiidiameterir 1 ,re'adlth at Ilie base is somle-
what greater Ithan eitlier (li(e i-telnlmral(i vertical diametelrs. T1'le masttoid
l)rolCesss(h': arejl v(' yl' .ge(. 'til'IeuppeI)Ir thal' fIo 'lie' (1s lccipitis is (pliite profitn111l nt,
;aii tlie co(lvexitis indicatingl tiCehpo( sit ioll( ' tlite C('11reCl'a'r Ia'C( sse1 110olderltely
flll and rouded. The alislphtefoids cm tebackwards conasidleralyv between tiae
a'nterio,ri'ellri(oranglesd1' tl:eparietals anddlhel-i('ilCII tile temporlal'bonm.s. T'!e(irl eCxternial siir'a('e is d(cplyv co llcave', as is also that l,'tinll of' tile
(os l'frontis lying directlyIhiid tli,i( extera1l aniu'tila'i process,an! d below tlie
temporal 'id,'e. IHe-lce tle temporal fosse a'eunusually deep. Tile sulper-
cilifary 'idges are thic-kaI prot!bera'lt, c'vill somewhat lie(tilhe h ofs'l a
outa, uplwardls and (oitwards from thieIglabella, if which tlIl( alppelar to Ibe tio

c1,1atinuatioin, aild completely v(erhal-ngina, tlite nssa nasi and the uppl.r and inter-
InI aIngl(,s of' lie lorblits il siclii a Imaniiheir as to coalesee witli and Idlit rate thio
im,.r I alf ofi tileisui-oii-' al'i'aIgins. Above tlhese ridges -the os froiltis is
im'cirvatel, but becomes sometwtatoe prlmtiatent again at ai point jist below
thie lliddleo( ,

ttlie fi'oital suitui're. ''The great promin(nil(e (f tli'(, sil(percilia'y
ridl,-es in tis cr'animiiiii is a noi(tabl(e fieatilre, iiasillich as tle Alricri('a alorigiail
skull1is ch!aracteriazed yh ithabsetc'i., rather Ithal byIlite presenicev ,ol' it.ese ridges.
I il l)upon c('arefl'ul (examliinatiol, that ill Ill(e gre:lat tiiajoritv If' thie Americaii
]In(diaUl crallia contained ill (le c('lection ol' tile. Acadehimy ofi Natuaratl S'ciences,
these ridll-s a'e wholly o alost etirel set. Tllc\ Ille oratel. devel-
op.edI ill the foilwillwin sl)e(11Ci(nIs: Assial',iii, No). (659; Na.:s:, No(). 21:;; Klika.
t Nits,Nos. 2;207,4l,-1; ; (C':lao)yvall, No. 57.1 ; C('ierkees, No()s. 12;), 12'(7;
('helitiac ti(', No. 70 ; (Chippe'wa, NI. (is;{; (.'reeks, >Nos.1.- 11, ;1'1, 1I.:., 20.1;llmals, Nos. 1217", 12 IS; Iroleipiis, Nos. 16, .)S9; l'i.apj!s, Nis. 4118, 1205;
Maliidans. Nios. 7.10, 741, 7-12, 1221), 1222; Miaiii, No. 10(; ; .Mo:iawks, Nos.
'95;, 896 ; Narragan::setts. No)s. 950, 9.54, 1)56, Of)10; Naticks. No). 1 10, 116;

(,,,'e, N(o. 54; (}tig:Iaa, No). 4*II5 ; I; I.;i sco)t, N o. I ); I'lottaw'ttmoi: No.
`3N7;,'<,ai(h, N.'1;SeitnsIie6, N. 7.112; l';, iichIe,N.I9;II7Niei(,No.

3:1; (Iassetse, No. I ()6; Sentca, N). 151;' ; froI'.i iliemeI io(1ids, Nos. 53, 1270,
1'5 II; 11Hava, No. 990) Araliicaiiialls, Nos. (655, 997,()(). 12,1 ; Carilbs, Nos. 6:18,
692 ; I lrazilians, Nos. 125.1, 152.s;1'I' ii vians, N, s. 67, 1 279, 1282, 1.),163,1,
77,. S.. .5, 92, .109, 1.156,1'; It; I.462, 1. I,1-170, 1.172, 1.17:;, 1.1.1, 1.fS2,1.19-)!, 15)0, 1501, 72:)996, 1.1 :,1.11; , 14117, l14126, 1, 27, 1.1342, 1 110, 1.142,
73, 1-1, 168, )1;!Kahiiiica Mexi(call, No,). 8,1 ; (tollie (Mexi'cans, NIs. 1000,
101)2; I'les Mexi.can, No. 6S I; Ancientl Me('xic'ans, Nos. 1,31.1 6S2, 23.1;
Lipaius. Nois. 1:.,15, 13,14(; ; MClern.rlMexicans, Nos. 1515, 555. 5:5').
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Tile superciliary ridges are more decidedly developed in tile Lenapis, Nos.
135, 249 ; Mandanls, Nos. 78, 563; Miami, No. 541; Mimietari, No. 749 ; Otoes,
Nos. 755, 756, 757; Ottawa, No. 1006; Ottigamie, Nos. 639, 694; Pottfawa-
tonlie, No. 657; Sauks, Nos. 561, 1246 ; Shawnees, Nos. 691, 1210; Shoslions,
Nos. 1446, 1447, 1148; Upsarookas, Nos. 128128,129 ; Winnelbgoes, Nos. 559,
560; Yltuiiassees, Nos. 1215, 1216; Apache, No. 935 ; from the mounds and
caves, Nos. 416, 1237, 1510, 4,36, 43', 653, 439, 4410, 1287, 1288, 992, 1564,
1512; iKenawha, No. 212; Brazilian, No. 1529 ; 'Teruvians, Nos. 1365, 1:366,
1367, 1368, 75, 95, 406, 697, 752, 1474, 1475, 1490, 1,191, 1495, 116)(, 1501,
1509, 1221, 1326, 1370, 137:, 1407, 1408, 1428, 1443, 1481, 412, 414, 452,
231; Mexicans, Nos. 714,-717, 718, 720.
The dimensions of the SSmitlsonian skull are exhibited in the following table:

Inches.
Occipito-frontal or longitudinal diameter........................... 7}-.
Frontal diameter .................................. ......... ... 3
Bi-temlporal diameter ........................................... 5
Bi-parietal diameter .................. ........ ................ . 5
Posterior tralnsverse diameter, betweenn the posterior, inferior angles of the

parietalia)............................................... 5
Vertical dia(metel ....... .... ......... ..... ................. 5
Intermastoid diameter ............. ..................... 5|
Occipito-i'ro tal arch .......................... .......... ...... 11
Frontal arch .................. .................. ............. 11k
Parietal arch...... ................................... ....... 12
Occipital arch................................................. 10
Horizontal periphery ........................................... 20
Meato-front'al diameter........ .. ................................

MIeato-lparietal diameter ......................................... 31S
Meato.occipital diameter ........................................ 41

'1Tli region of country from which this cranitnmwas obtained was occupied,
when first visited bytthe Jesuit missionaries in 1665, by tlhe Sauks, Saukies, or
White C(la Indians; tile Foxes, Ontagamies, or Ottigamies, or, as they called
themselves, Muisqmlkkink, or lRed Clay Indians; tile Kickalpous, and tlh Illi-
nois-tle litter comprising tile Kaskaskias, Cahokiall, 'Tainllaronas~, Peorias, andl,
lby onllfederatio, , though lot nycoslguinity, ttlo Mitchigamits. 'These western
tribes of the great Algonkin stock lare represented inl tho academy's collection
by three Hank, four )ttilgamie, and six Illinois crania. ''lie Smithsonian crainiiu
bears no resembllhtnc to the Sank or )ttigtamie skulls, nor to any of tle Illinois
crania, except Nos. 1500 and 1511, which were taken from an ancient lmoud.
These two skulls are very much alike, and they resemble tlie Smithsonian head
in their oval Ior1,'1, ill tlhe lhltness,of the frontal ])one, theo romiinence of the
superciliary ridges, and( the d(Ipression love these ridges. There ar( two other
momid skulls in tlh academlly's ,collection, Nos. 1287 and 1288, which bear
somIl 1resembll,latce to the skull luder notice. These were taken from anl ancient
mound in Chlillicothe, Ohio, by )r. .11.i. 1)vis and Mr. E. 1.Squier. No.
1287 la atlatlforchetad and somewhat elevated superciliary ridges, andl is
dolichocepihalie and oval in formlo.No. 1288 is more like tile Smithsonitan speci-
men in its elongated and oval eorm, and in the prominence of the occiput;
though tlhe frontal bone is not so precedent, land tile superciliary ridges Imuchll less
prominent. The dolicioceplhalie Ulpsaroka skull, No. 1228, somewhat resemblles
tlhe Smiitlhsonian specimen il the elevation of thie superciliary ridges, and tile flatness
of tlle ftrotal )one. Of 1ll tlhe AmericanZ Indian craniab however, contained
in the museum of tlh academy, No. 744, which I have provisionally referred to
tlie Kootenays, approximates the Smithsonian specimenalmost closely in its
dolichocephalie, oval form, tih flatness of tlhe forehead and prominence of the
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superciliary ridges. No. 744, however, is less regularly and symmetrically oval,
Projects 1i(ore ill tle sliper-ccipital region, and has a more receden( t forehead.
'1'lTe sliperciliar; ridge1 s are equally prominent inl both skulls, but inl the I%.ootenay
ILead thley do1 not coalesce with tlhe sul'a-orl)ita.l margins , as istile case in tlhe
Siithsonian skllill. In tile Kootenay cranium the supra-.orlbital tImlrgins are dis-
tinct iand well definedthroughout their whole course, from tlic internal to tle
external angiular processes. In1tlhe Simithisolianl head, as we haveljst seen, tlio
inlier half of these margins are so encroached 111)011 1)by tile superciliary ridges as
to lib obliterateld.

Bearting ill mind tle locality inl which it was found, tlhe slkull under conmsidera-
tiom is so far unliliue ill its ethnical character, that 1 (do not feel autilorized to
relIr it to any (ot tile aboriginal American cranial forms with which I amli
acquainted. ft' the position ill which it was discovered 1be a'.' evidence of its
nfre, it I)eongs, iin all probability, to an earlier inhabl)itant of thle Atlmericaln con-
tinent than tlie l)resent race of Indians. l, tle al)sence of ta ompt)lete series of
Amlerican Indian cralnia, it is inl)it.);:.ible to assign to this skull its proper etlnical
position.

INTRODUCTION TO TIIE STUDY OF TlIECOPTIC LANGUAGE.
BY M. KABIS.

[From the Transactioni' of the Eyptian Institute.]
Tlhe Egyptians, when they adopted Christianity, subistitiuted Greek letters for

the ancient hieroglypl)hics, and alter that tiite used eillalngllugo w ich themlod-
erns designalte its the (Coptic, whllich prevailed overUppe(r and Lower lEgyt uIntil
thle Arabic language, introduced with MallonedtanisIm, took its place. We slial l,
1futiher on, Seak of tilhe true etymology of tile word Copt; but it will not le
out ,of tle way here to show wat were: the motives and tleo historical circutim-
stan1ces which led tlhe Christians of 1Egylpt to Imako this change.
We have to remark, tlen, that tile gralphic system of the ancient Elgyptians

was so inltinmately connected with their religiols system ttlit it was scarcelylios-
sible Jfor one of them ill tlie time of tile I'araolhs or of tlie Pltolnlies t, wr\ito
th(e sma llest ci rclmnstance without mixing it up) within tilhe symbols of mythology
and ofi olytheismI. TIlle imCages otf litlherods and of tile sacred animals flormI cd
llany of tle characters employed in their writing;ting1111 lilgyia (ould(1 no1
11nr1(e ;Loil ulsil tltemthtan we could write without omr al)phall et. Now, nothing
could be1) more at variance with ie purity of' thit Chiristain religion, then newly
aldoplted by the C()lpts, and the piety of' thle worshiipper t than ti l)rof-i hierio-
glyphic symblols. T'Il early Christills of' Ergylpt thlle found it to be absuId to
lelpresent iun1dei' tile ilalgres of Ammonr, o0' I'tah, or ('is, the Godi of their faith,
wh\lli they reverentced as ia urle Spirit, separatelfrolt every sensill(e or Ilater(ial
fiirm. Wishing, tlien, to disengage themselves as11icht i possible f'r'om the
ancient superstition, these disciples of St. MarIk rejected tlie graphic system of
tltwir ancestors, supplying its placo wNith tilelGreek alphabet, to wlicl they
added six purely E,;gyptian letters, to express sounds in their language, whlich
cold not be representted by tile (Greek.

Witli t ile 1il!hietthey also adol; ted aIlnumber of Greek words. That was
in tlhe beginning aL mattel of necessity. They were not willing to express inl
tile equivocal terms of tlie ancient mythology tilt now ideas of Chrlistianity.IBut this necessity soonl degenerated into Lan albuse, and Greek exl)ressio)ns
became tlie fashion. 'This was much more thie cas in Lower Egypt, onl acco()lnt
of the frequent intercoulrso between thoe Greeks of Alexandria aind tihe inlaubit-
ants of tile delta, andl for tile sumlo reason the dialect of MeImhis. is less pure
than that of T'hebes. It must bo remarked, also, that the introduced Greek
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words unle'rwent no Ich:le froi'm their originlld form. iThey may he recognized
at Ia .glace, (m(id lo it in a 'vwise alte,' the iaet' "the Cilptic laulioliae. This
is a simplem1i!pitive evidence tliat ti.( laJ Iglage ItId liter'at'ire of the Coipt .
are esseitillyC!(l'istian. Selh italmsc.'iptl ass haveiesen plIblished, o'r uI, to
thisi. time examined lv savllants, prove thliat tih' haiu'iai.e was culiliva ed iinlv by
the nmInks, who tirinl l'te early a.es of Chrliistianlity dwelt in the deserts of
LE,'ypt. lThe (se IINlv ancl'ihfoites (ciceI('A'ed1 tielCsIlVes (11l.v Witlli t!e:ex(rei'i-:s ,of
devot ion. .Abalmdot, ed to themselves, and Separa'ted fi'n any intercmllrse will
tile world, tliey. divided their tiiet.between prayerl.S, in:aiiil :alir, readinll thI
Bible lad lihe lives of tillerr miioiks. The stld ,of1 literate lre, science, history.,
Especially il' it were paltg la, iian interest fori' tlhelmi. Their writing, thel, cold
lrealt ,.l? o1rmlli-vi awld I.mo kish institutions. I believe it would lbe filiciilt
to ftinl ailliiig Ctic Ia:uliscr'iptsainypI'ropl' scieilicimcCollmjsititms. The
Coltic lIrlUn('e slIolidnIll, hI.wevel', lose its interest witih sav:ints. If tile
aneCorlites o' lhIe 'Ilitlh aild did oI ttt a::tt CXri':)i'cl 'f)ss h historical events, their
writils coe ild, ht wilistanlinit.I',1,i'l.,ish man'y hist 'rical data ot' precious, value,
n1111( illustrateIll any points which nowemisi(1111 'l. I ll criic' . Flw it is w.e1 llk s«.i

lt:tlt, siliet II, timiiit Cf'(istalllitii. t11e histo.,rtv ,1'( Christiai litv alnd thehi,.' ich
iy- intilliatly com lfnecte'ld with tll:at ' the peple,1' anld tli pie. 'lle iisopis

o'teR sl ld tl(edCeCrees o li' W ' ar's, Ill the lattiler 'l'r e'ltIelIselves with
execultinleg the ord,linlnie.s(of' lli Pl'mitiil's. TIie Cplti'cilmiks. th(le, when treat-
ine oflt'eh!istr1llv of,' tl(.i ch'hi11, calno supplysll with itll'erestil('dWuImea 11:i
relatiil'ig thieiiisltory o tile irs ..V. eI'lei.LI s,) 'oc tliupied themsellllvesIt epltently
in ftl*anslatie tltewilrks ot(lie,ow celelbrated (;ireek ftillers, andi we mniasht
find interesti~lg treatises preserved ill (C'plic, o' which ilhe noriinnl (;rek io

blmnIerexists. I 'avei s'l'seelns!il cht'ralm:l' ent1 in tlit irary)ti, tle Vaticll
tiill lo!e Ii 'Il1executed11 ia: rasl.Wili.11 ,l itilt-l intoll latin ior tlil( ve itrablt C -I
ilnalMaili. c urator of 'thlat library. TIhese are', howeilver,Ini t tilet(, ymo1tives

to inlmeest ~s i!thie Coptic; it ha:Is fowr us amn all tile learned, world a very sp..
cial and s-,I preme ilillorta'n'e.a T I Ii IIimmotalCImIIp'lliI tif A a I pIn.II,vIl:'II r i
eri'osl lI!applying' hiitself tostudto lsiittefialols in,;scfri'ptio on thle stoetr. l*i, tat
tosv, ta, dti,'ill tiel'(.Frenh (x.peilitio in Eirypit, succeeded!, inu I,:2,. in I,,dt'i-
plwri I I,' tel. liir,,ilylihic symbols. 'The interest exciteld! in E11ur11(ope by thIIt dii,-
ienAt'ry i.,.k toiew 'I,)t ll, all lthI e Iarned(f'1 aill ittio'lsi since haveo()'UlpieId tIm -

selves in peI'ect'5'il'. this growing' scieell. Now all tlhe learned, Is well as

hllai ll iiilit,s eeit!itllr, !yhave ackiw.dledi edthiat t lieCo liti itlin iilnl'is l) h,lher
tthan I1alt it' !iet ancient l''rystianPlhta'tihs ; thliat it i. tlie.key I.and tl dic-
tioiary ot idero'lyplics; tiht.a witilut anl availalekioweedeof it it would,
le veryldillici'~lt or well-hi. I imlpossible to interpret tihetn.

The're wold!!!. it truly valuable ter'ie rehudered to science if those whio are

in posilion to, dho -:o would!su:t'est to his ligln.ess Ilh;ViceroIy Mahimnel-,4d, to
assem!!bi aleIba i~Uscli*rt tlhe El'gywplial Ilnlstilute, !otlh o;f w iieli d.) him ;s)

stihdents anl hl,Ieearn.ed. Iln tIe, opti eonxelts the'e lne, enveloped in dulst,
innumerable Coptic volu!ml(es; nIo one the'euwhnderstallds them,andeea hltme wo)ri",

onIly have llie privileh'e o,! visiting', guawiul-',:a!d destroviin' theln. To'Illis
class of 1s8s. should be adadl'l a ollhecion o' Arabic a ors, pIarticiularly of
tfe m.ilddle t-'es, which was tin,,-'1,le1, period for Aralie literat'lre. * *

1t'have mw w;vislh which J sholld like to) see rec'ilp,(rncated il the breasts; of
thisIass(elibly, it is tlhat ml colle( le'u should Illlite their (.tl)rlts wilh lmin(?e to aid
in re(storing ti. C(,iptic laI.'ga-ve to) li.e hler; in its own native place. ( )u* society
will fitl in its mission if' it shall n._lect his !ultv. Tht.. Institit(e will no) !,lo ger
be ._rypltiau if' it fail to oeulpy itself wili thle lahuma.:e.(o1'"ylt. Besides,
till thlelearned sc,)(ities o,1'Erope(are imlpati(et tmo cO tle re.:ltlls of olr Inbors
upon ancienllt Egylpt. Ilelhd!, tlenll, hlw much is expected of tlids Institute!



NOTES ON THE "TONTO" APACHES.

BY CHARLES SMART, BREVET CAPTAIN AND ASSISTANT SURGEON U. S. ARMY,
FORT I'DOVWELI, ARIZONA,

[A partial vocabulary of the language accompanied the original, which will appear elsewhere. I
Tnir form a village or sub-tribe of the people known as Apaches. They

call themselves " Coyatcros; " Americans and Mexicans call them "Tontos,"
applying tlhe name "Coyatero Apaches" to a tribe dwelling in the mountains
southeast of this, beyond the Gila river.
About a year ago, that is previous to the arrival of the United States troops

in this part of the Territory of Arizona, these Indians dwelt in the neighbor-
hood of what is now the site of Fort McDowell, on the banks of tie Verde or
San Francisco river, a few miles above its junction with the Salinas, Rio Salado,
or Salt river. The Verde at this point runs southward through a valley about
twenty miles broad, which is bounded on the east by the Mazatsal range of
mountains, and on the west by a chain of hills to which no name has been
applied. The bottom lands are very narrow, not more than a half a mile broad
at their broadest part. The soil is sandy, but when irrigated is very fertile,
yielding large returns of corn, sorghum, beans, melons, &c. Cottonwood trees,
willows, and alder, line the banks in great luxuriance, and grape, melon, and
hop vines bind the whole, often into an impenetrable thicket.
From these low lands, extending outwards and gradually rising to the foot-

hills of the mountain ranges, is a dry rocky mesa " very irregular in surface,
from the numberless deep " arroyos" which the autumn rains have washed out.
'The " mesa " is more or less completely covered with sage brush, mesquite,

i;ilo verde, and a variety of individuals of the cactus family. Towards the
mountains grows the mescal, much used by the Indians as an article of food.
During the rainy months, July, August, and September, a light covering of
grass spreads over it, but throughout the greater part of the year it is bare
and garish--rocky on the ridges, sandy in the arroyos.
On the Mesa, more especially towards the mountains, deer are occasionally

met. Coyotes and rabbits are plentiful, of tlhe latter two kinds-tlhe cotton-tail and
Jackson rabbit; rats, gophers, and other rodents are equally numerous. ()f
birds, quail exist in great abundance. liere the Indians say they were born
and grew up, living upon deer, rabbits, rats, mescal, mesquite beans, cactus
fruits, and a variety of nuts gathered on the mountains. They were at constant
war with the Pininos, and made occasional plundering excursions to Sonora,
but on the establishment of Fort McI)owell they retired to tle eastern moun-
tains, taking up their abode in the cannons to the north and east of the Mazatsal
peaks. Of late their rancheria las so often been broken into by scouting parties
of the friendly Indians, that they do not seem to liave established a permanent
settlement. But tihe permanent differs in nothing from tilc temporary hut, both
being simply a brush shanty, with a hole scooped in its floor by way of bed-
room.

In this sub-tribe, during the time it remained at the fort, I counted a hundred
and fifty warriors and forty women and children, but the majority of the women
and children, and probably a proportion of the warriors, did not leave the moun-
tains. They gave us to understand that there was sickness among the people
in the hills. They stated that there were other villages of their people whom

27 s
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they expected to arrive at the fort for the purpose of making peace, and that
together they numbered about two thousand (2,000.)

Their average height is about five feet four or five inches. They are slimly
built, and possess but little muscular development, yet they are very agile,
climbing the mountains with great rapidity, and running on more level ground
for many miles without any semblance of fatigue. The skin is of a light brown-
ish red color, so fair in many instances as to lead to the probably correct sup-
position that Spanish blood has been mixed witli the Indian stock. The features
present nothing peculiar. They have generally the traits well marked of the
American Indian; some, however, have a full round face and Chinese cast of
countenance. The head is covered with a mass of rusty black hair, cut off in
front on a level with the eye-brows, and permitted to grow a little longer behind,
but never reaching the shoulders; occasionally the hair is worn quite short, round
head cut. The beard, when any does grow, is dragged out hair by hair, by
means of an elongated piece of tin, formed into a forceps by being bent lengthwise
on itself, and which is usually carried suspended from the neck by a thong of buck-
skin.
They practice no such disfigurement as flattening the lead, but among the

women were observed a few who had had the cartilaginous portion of the nose
cut off, thereby spoiling their good looks, for it was noticeable that only those
who had any pretensions to beauty had been so mutilated.
A scrofulous taint affects their system; this was more distinctly manifested

among the children; but of the adults many were suffering from strumous
ollthalmia or its consequences.
The dysentery, which at the time was severe on the troops stationed at the

fort, (lid not exempt the Indians from its attacks. One died from this disease
during their stay here, and many were said to be sick in the mountains.
With one exception they were not painted. The paint in the exceptional

case was of a grayish white color, and laid on in lines, narrow, closely set, and
wavy, transverse and parallel, covering the face, chest, and back. Their dress
consists of the breech-cloth and a pair of buckskin moccasins. The latter have
a stout hard sole, which curves upwards a little in front of the toes; poorer speci-
mens only cover the ankles, but others are so long that when drawnuIp they encase
tlhe thighs. 'This, witll a leather bracelet on one wrist and a bow and quiver
of arrows, forms the general outfit. But others are more completely equipped,
wearing a buckskin thrown over one shoulder and fastened in tlhe opposite arm-
]it, and perhaps possessing a waist-belt of leather and an old sheath-knife, the
product probably of some Sonora enterprise.
Some of them carried a straight stick about five feet long, curved into a hook

at one end, like the handle of a walking-stick. This they call kish-ish-ai, and
use it in hooking down the fruit leguara and in tearing lup tle earth when
breaking into a rat or rabbit hole. They possessed also about half a dozen
llnces, formed of a long knife or bayonet socketed into the (end of a long pole.
The bow is a stout piece of tough wood obtained from a tree stated by those
who have seen it to bear some resemblance to the mulberry. It is about five
fect long, strengthened at points by a wrapping of sinew. It is straight along
tile greater part of its length, but curves lightly towards its extremitites, which
are joined by a fineiw string stranded and rolled into a )erfect round. T'Jheir
arrows from notch to point are three feet long. They are formed of a cane
which grows in the mountains in the neighborhood of springs and water-couirses.
For a distance of six or seven inches from tile notch the cane is winged with
four strips of feather, held in place by threads of sinew. Into the hollow of its
other extremity is inserted a slender piece of stiff wood, which is colored, as if
with the blood of some animal, and which bears on its free end an elongated
triangular piece of quartz, flint, or rarely iron. This arrow-head is sharp at tlhe
point and slightly serrated along the margin. In some the slender cylinder of
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wood bearing the arrow-head is inserted firmly into the cane and withed in tlat
position, wlile A the others the attachment between the two is so slight as to
admit of being severed by very gentle traction. None wore aly covering for
thle lead with the exception of the chief, whose crown consisted of a closely
fitting skull-cap of skin, unadorned behind, but covered in front witl feathers
and many spangles of brass and tin. He also possessed a doublet of prepared
buckskin, brownish red in color, with some blue linen markings on it. They
were very eager to obtain cast-off clothing from the troops; and their requests
for tobacco were constant. The latter they manufactured into cigaritas, although
they had no objection to a pipe when offered.

Tlhe only methods of communication between distant parts of the country
(excluding the messenger of course) which I knew them to employ are fire by
night and smokes during the daytime.

I saw no earthenware vessels among them; the utensils employed in the
preparation of food being shallow basins of closely netted straw. They carried
water in pitchers of the same material, but they were matted all over with a pitch,
which communicated its flavor to tlie contents.
They are not bold in their manner of carrying on a war, attacking only when

their numbers, and a well-laid ambush, promise a certainty of success. They
seldom scalp, but very frequently mutilate otherwise the bodies of their slain
enemies.

In disposition they seem to be light-hearted, but subject to sudden fits of
suspicion and timidity, which is perhaps sufficiently accounted for by tile active
campaign of late kept up against them by our Indian allies, and the circumstance
of living for the first time in the neighborhood, and in a great measure in the
power, of the whites. Very frequently after having spent the evening in dance
and song, during tile night they would become suspicious of something and take
to the mountains, returning only after some days, and in small parties at a time.
The dance is similar to that of the California Indians; a stamp around, with
clapping of hands and slapping of tlighs in time to a drawl of monotones.

'The only act of a religious character which I observed, took place during our
first interview with them. The old squaw, who was the first to venture into tile
fort, intimated, through a Maricopa who possessed a smattering of Apache, that
her people wanted peace, but being afraid to come among the whites, prayed
them to come to the mountains to hold a council. Some four or five officers
accompanied her. Shortly after crossing tile river they were met by a small
party of tlhe Indians, one of whom chalked a cross on tile breast of each, with a

yellow earth, which lie carried in a satchel at his belt. Previous to doing so lie
unuttered some words very solemnly with his hand uplifted and eyes thrown
upwards. Again, on arriving at tile camp of tile people, the chief and others in
greeting them took a similar vow, touching thereafter the yellow chalked cross.
»Sonora may have furnished tthemi wit some of their notions of a Deity.
The peace negotiations fell to tile ground, inasmuch as the other villages

of the tribe, not having been so great sufferers from the war as this one, refused
to join it in its propositions.

CHARLES SMART,
Brevet Captain and Assistant Su.geon U. S. Army.

Foitr McDowvELL, ARIZONA,
September 13, 1866.



REPORT OF EXPLORATIONS IN CENTRAL AMERICA.

Bf DR. C. Il. BERENDT.

NEW YORK, December 241, 1867.
Although my labors ill exploring the northern part ot Guatemala. and south-

eastern Mexico are not finished, and( though I intend to return to tlhe work after
a short visit to tile United States, I deen it my duty to lay before yon a report
of tie results which have thus far been obtained ulider the auspices of the
Smnithsonian Institution.
Having occupied myself in former travels and during several years of resi-

dence iln Tabasco witil researchers relative to tlhe geographical and ethnlllogical
features of this almost unknown part of America, i resolved to complete my
observations by a visit to tlle belt extending from tlhe Carilbean sea through
Belize, ]'cten, and Chiapas to the P,cific ocean. This region, scarcely ever
visited by modern travellers, presents objects of high interest in all branches of
ethnology and natural history as an imnlortant centre of ancient civilization and
a region ablounding in tihe productions of both tihe vegetable and animal king-
dolis. 'ihe Institution furnished the instruments for meteorological observations
and part of the outfit required for collecting specimens of natural history. It
also procured letters of recommendation from, tlhe diplomatic agents of Englland,
Guatemala and Iondinuas to the governments and local authorities of tlie dif-
ferent districts to be visited, and secured tile co-operation of several learned
societies and private gentlemen interested in pursuits of tils clartacter, ill con-
tril)bting to thlo ex)Cpenses of tile expedition, with a view to obtain a share of tihe
specimens collected.

I left tile United States in the bark Pallas tlie 2( day of December, 1G85,
and arrived in Belize tlie 21st of the same month. M3y letters of introduction
procured me a very friendly reception from tile governor of tile colony. Ie
introduced m e to all tlie pl)roinellt ollicital and leading Incrchllants, from wlhom I
could obtain tile necessary information ns to tolograllhy and( resources of the
country, and in particular of that almost uminihalb)ited region through which I
lad( to pass on my way to Peten. Thecrownl engineer, Mr. Faber, and two
civil engineers kindly communicated to me what they knlew relative to tie regions
whlichl hald been surtvyed olr visited by them, aild I was permitted to copy a

number of ancient andl modern mianuscril)t 1maps of the colony. With tle chief
magistrate of tlie police court, Jud(ge S. Cockburn, a member and imeteorolog)i-
cal correspondent of tlie Royal AstonomnoicIal Society of ILondoln, I larrangcd
coteml)poranleolus observations for tile 1pu)'pos of(' coalrmpitng wiitll more accurcy
tlhe absolute height of thle principal points included ill miy tour. I found in
tlhe possession of Mr. PIarson, anll American merchant, a valuable collection of
specimens of natural history, and( was so fortunate as to secure' it for tile Silithl-
sonian previous to tiledeItli of Mr. P)arson, wlicli took place a few months
aftter\;ards. I also al(le a very agreeable and usefull acquaintance in tile per-
son) of tlle Rev. Alexander Henderson, a distillnguished linguist' * wlioi I follund

" T'lo Rev. A. Hlenderson, Baptist missionary in Belize since the year 1834, has written a

grammar of the Moskito language, Iprinted in New York in 1'l(i; a Gospel by Luke and a
vocabIulary, MSS.; tile Gusp)tl according to Matthew, in tilh Caribbean language of 1ion-
duras, Iprinted Edinburghi, 18,17; a grailnriinr ilad enlarged vocabulary of the same, MSS.,
since 1e;55 in the hialnds of tihe Ethnologicnl Society, London ; a tralnlation into English of
Beltran's Arte de el Idioma Maya ; a translation into Maya of the book of Genesis and the
book of Psalms, MSS.; a Maya primer, printed ill Birminlglham 1863, and two tracts in the
same language, published by tho American rract Society.
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occupied with a(dictionary of tile Maya language, giving tilhe dialect actually
spoken in the district of Bacalar, Yucatan, tand ill some0 recent settlements of
Yucatan Indians in tile territory of tile colony. having been engaged myself
for a nulhmber of years in the work of reproducing from old and rare manuscripts
the Maya language as spoken and written in tlie sixteenth and seventeenth cen-
turies, I derived both itllormation and p)leasuire fromll those intercourse with this
learned missionary. Thb collections of specimens of natural history made in·aid near Belize consisted ahnlmost exclusively of birds, slot and prepared by my
assistant, and have been forwarded to the Smnithsonian Institution. Unfortu-
natclv circumstances -beyond my control obliged mo to part in Belizo with thia
assistant, very much to my regret, as his dexterity and expediency in skimiiug
and preserving specimens would haTve added a far greater value to thie collections
subsequently made.

'
Another unlucky accident was the loss of a trunk con-

taining a number of instruments belonging to the Institution and myself, and
several articles of travelling apparel, stolen from the loaded boat in thi night
before my intended departure from Belize, during a temporary absence of tilhe
watchman. Part of tile most necessary implements was within a few months
kindly replaced by tile Institution.

After having lost a few days in fruitless endeavors to recover tile stolen prop-
(rty, of which no traces have as yet been found, I left Belize tile 12th of January,
1866, pursuing the course of tile Belize river upwards as far as it is navigable
for larger canoes, and reached, after eleven travelling and two resting days, San
Pedro Buenavista, the farm of a mestizo from Yuc"atamn, on the western branch
of thie Belize river, a few miles above its confluence with tile southern branch,
or Rio Macal. The Belize river hlis its head-waters in the wide plains limited
to tile north by the Chaltuna, or Peten lake, and to tihe south by tile l'ssion
river, (Ri olde Pasion.) 'The country through which it winds to thl coast is
alluvial, with sandy tracts between tile tributary rivers stand tile main channel
called pine ridges. Specimens were collected front three species of pines and of
two oaks, wlich are almhnost tile solitary vegetable production of these sandy plains;
antd also, among a few other birds, a woodtieckcer which, like tile Mhc/lim'uwqs ,ormi-cwl:rO/rus, ill Califoirnia, preserves acorns in neat round excavations pecked into
the soft barks of tile pines. Thills is for tlhe purpose of feeding on tihe worms
which soon appear within tile nuts, leaving the trunks of tioe pine trees Ilerforated
with many holes resembling those produced by musket balls. Rocky ridges
of a calcalreous stone intersect now and then tile course of tihe river, Caulsiing a
number of rapids, of which, in time of high water, tlhe passage is rather dangerous.
Little coult be done during tile boat voyage besides a c-aretiul rectification of
thle river's course in tlhe maps, and the entering in their proper places of names
iof existing settlements along thie river banks. While on the Rio o1101do and
Rio Nuevo, as well as oi thie coast of the British colony, a number of well-con-
ducted agricultural settlements exist, there re Belizoe river only wood-
cutting establishments belonging to merchants in Belize. Thliese are either
being actually worked under the dircaction of a foreman, (usually a mulatto,) or

al,tdonled, tile buildings being occupied by negroes, who make a scanty living
cutting logwood on their own account, which they sell in Belize, bringing back
brlmlvdY and dry provisions, their only food, as they are too indolent to plant
aniytling. in tile fertile groullnds arond011 their decaying limits. Only where YIu1catan
Indlians have settled among themui, a cornfield, a banana plantation, o-' frlit-trees
are to be found. Whenever it was possible to make short excursions without
too mnuIcl delaying my voyage, I examined tile country along tile river. Some
sptecimenls of petrilfctions from tile calcareouls ridges, when broken by the cu'-
reint of riviulets, were procured; also a iumelr of landll andl fresh water shells,
aiiid soene b irds. Whenl no convenient settlement of Belize merchants or Intdian
h(>se.s could h)e reached, we were wont to camp ill the forest, using tile leaves
of tlte coro.ssa or cahloon palm for shelter and protection.
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In San Pedro Buenavista I found waiting for me mules and nmuleteers, which
the corregidor of Pe'tn had sent on at my request. For the transportation of
smaller articles I ha:d counted upon Indian carriers fiom thle villages near this
place, who generally serve in that capacity in the trade between Belize and
Peten. But the recently received news of a revolution which llad broken out
in Peten made those Indians unwilling to go to that.llace, and I was obliged
to stop in San Pedro until messengers, sent through the wilderness, could pro-
cure from tle conrregidor of Pcten tle necessary numbller of carriers. More than
a month: 'sei letfore they arrived, a month lost for explorations, as the neces-
sary vigils. .c over my baggage in an enclosed llnt, among thievi negroes,
forbade my being absent from the place. Some few reptiles, fishes, colcoptera,
and mnolluses were, however, collected. The villages in tle neighborhood of
this farm are of late origin, peopled b)y Indians from Yucatan, almost every one
of them formerly engaged in the war of races which for thle last twenty years
has desolated that unhappy country. From my host, w\lio kept some lmerchan-
disc for trading with them, and who employed some of their mien as laborers on

his farm, I hlad opportunity to hecomre acquainted with many of them, and
oltainedl interesting information as to their social and political condition. They
are by no means hostile to the white man in general; their hatred is directed
against thle Mexican and Spaniard only, while they are friendly to other ifreigln-
ers, and are remarkably frank and outspoken witl such strangers as speak their
language and know how to gain their confidence. The insurrection of thle Yuca-
tan Indians broke out in 1847, and spread in tlhe following year almost over thlo
whole peninsula, approaching as near as sixteen miles to IMerida and three to
Campeche. A Catholic priest, sent as commissioner by the Mecriden government
among tlio insurgents, caused at division among them which still continues.
Those(of tleo south and east, known by the whites of Yucatatn as tile Illithcs,*
but who call thelnselves Cruizool,t or Cruzes, have continued ta1n unilterrupted
war against the Meriden government, while those of the west have remained in
peace with the whites, and even acknowledged a certain dependency onl tlhe gov-
ernment of Campeche. They are called Pacific Indians. In tlie year 1857 tho
Cruzes invaded the Pacific Indians of tlhe district of Chicbanjju. Sillce that tilmo
the Pacific Indians of that district have settled in the formerly uninhabited mion-
tafia (forest-plains) around tlhe frontier between Yucatan, l'eten, annd(Beize, and
their number lhas been increased by nmnceroun deserters from the ranks oftihe
Cruzes. They all, threatened by their common enemy, tlh Cruzes, retain cer-
tain connections witl each other, although tlose on Belize or Petcn territory
have forced villages,under tlhe authority of the English and Guatemalean gov-
ernments, wile those in Yucatan and in tle region of douAbtftl lpertilnencyl
remain subject to the chiefs of the Pacific Indians. To tlose who only know
about the insurgent and independent Maya Indians from tlc reports of thcir bar-
barous warfaer against tle whites of Yucatan, it is highly sllrprising to see tlheso
ferocious warriors organizing themselves without any external influence as quiet
settlers, laborious and orderly, submitting to their self-elected local authorities,

* luith id tho breech-cloth.
t The Spanish word cruz (cross) with the Maya plural termination oob. They worship

the cross, in whoso name the Tat-icll (their head chiet) and twelve governors (military chiefs,
priests, tind counsellors) govern.

t The limits between ihese threo countries are most uncertain. A decree of tho Spanish
government fixed in 1787 tho boundary line between tho intendencies of Yucatan andt Gua-
temala on the parallel 17-) 49' north latitude, but it lhas never been ascertained where this
parallel runs. A treaty between England and Guataemala las adjusted a boundary line

between the colony and tho republic, running from Gracias a Dio.i on the sarstoon river
to Garbutt falls on tho Belizo river, and hence northwards. 'Tho map of the colony (pub-
lished s. 1. et a, but London, 1864) runs it to the ltlit degree, into the undoubted territory
of Yucatan. Tho actual jurisdiction of Poten comprises all tho villages on and near tho road
from Peten to Yucatan, up to liecanchop, ten m-tiles north from Nojbecan, near the '20th
degree, while the country to both sides is subject to Mexico, and the census of tha Stato of
Camupeche (1861) includes all these villages into its territory.
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honest in their dealings, rigorous against criminals among them, and by far tlie
best class of people in either tile British colony or Peten. They are Catholics,
anld are proud to show their abomination of til heathen worship of the Cruzes.
I have been shown a long memorial, written in tle Maya language, containing
nIlullrous letters, orders, proclamations, etc. It states their motives why they
s(.parated from the C(ruzes, tlhe principal and repeatedly asserted reason being-
' \Ve are a Christian people.' As to tie number of' tlese Indians, tile most
discordant opinions exist. According to such Belize and frontier traders as are
tle best judges, tlie Cruzes do mlot number less than 10,000 anld probably not
IiOlre than 15,000 warriors, and of tliese half their number only are married.
Estimating a family to consist of five souls only on lan average, would give for
tleir whole number about forty thousand; and the number of tile Pacific Indians
is considered but little less. Both together occupy about one thousand square
miles.
The main road from tle last settlements on the Belize river to Peten leads

through immllenlse forests, with very few and inconsiderable elevations of the
ground. Thi Sierra de Yucattan, which in our maps diversifies this region, does
not exist. Tile general direction of the road is fromn cast to wvest. At distances
from 10 to15 miles, in places where water, food for mules, and palms for camp
building are near at hand, the usual resting places of travellers are situated. We
left the main road at one of these places called San Clemente for another shorter
road recently opened by tile Corregidor of Peten for my convenience. It led to
thle village of Macanchl, on tlhe lake of the same name, and thence to Remate,
a deserted hamlet on tile eastern end of tile northern portion of tlhe Chaltlun, or
Peten lake. This lake, it is well known, has almost tlhe shape of a horseshoe.
Here we found canoes from Peten awaiting our arrival, and were paddled by
our carriers in twelve hours along the northern curve of time lake andl rlod tile
point of Nilmll to tile city of Flores. This is situated on tile rocky island of
Remedies, ill the entrance of the southern portion of the lake, and not more tian
a mile distant from tle southern shore. 'T'le valley or depression occupied by
tllis lake and two smaller ones is surrounded on all sides but tlhe southeastern
1b chains of calcareous hills from 200 to 500 feet high, covered with stately for-
ests. A peninsula which, running from east to west, divides the northern section
of tile lake from tile southern, is studded with low hills, many of them being
artificial mounds )upon which are scatteredtlhe dilapidated remnants of ancient
buildings.

Tlie (l)artmenit of Peten, the largest of tie seventeen into whlicl tlio republic
of Guatemala is divided, covers tile immense area' of from 4,000 to 5,000 square
miles, with about 8,000 inhabitants. Th'ley live chiefly in tile villages in tile
savlana region totile south and northwestern shore of the lake. The country in
its general character is flat, covered with immense forests, and watered by tile
nllllmerous rivulets which constitute tile helad waters of tile Belize river, tlle Rtio do
Ia Pasion, and tile Rio de San 'Pedro. Tlhe Rio dela Pasiondivides, in its west-
ern course, tle departments of PIten land Vcrapaz, receives tile Lacantun river from
tlc mountainous (department of Totonicapaml, and, breaking through tile chain of
mIllomlltains onl tlme frontier of Talbasco, enlmerges into that Mexican state called there
UsiuInacinta. Near the Passion river tile land is low, full of swamps and lakes,
and subject to annual inundations. ''lie climate is warm but mild, witl remark-
ail)ly small daily or annually changes of tlhe thermometer, which ordinarily ranges
between 70° and 80°; tile lowest and highest observations during more than a

year were 62° and 89°. The rainy and dry seasons are tihe same as in Yutcatan
anid Tabasco, and tlhe season of north winds is here, as also in the interior of
these states, marked by mist and( drizzly rains. Thle country is one of tlhe
healthiest ill tile tropics, and time averageduin ration of life longer than in most other
countries of tile saine latitude. The prevailing diseases are intermiitttent and
remittent fevers throughout the year, and d!ysenteria il stiummer, but of a llild
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character. The yellow-fever lihas never appeared, though the cholera lhas made
great havoc among the Peteneros.
The inhabited part of Peten is separated lby wide deserts from all the siur-

roundiing countries. The traveller is obliged to journey, in going to Yucatan,
nine lays, to Verapaz and Guatemala eight days, (in bad weather eleven,) and
to Tolasco and Belize six days, thrmoigh an uninhablited country. The Spanish
settlement in this region, after the conquest of tihe Itzas in 1697, was for half a

century only a military outpost with a small garrison from Guatemala. After-
wards it was used by tlihe government of that dependency as a criminal colollny
(f'prsidio.) The offspring of the prisoners, of their keepers, and of tile natives,
with some admixture of negro fulgitives front tlte coast, together with the rests or
the Lacandon tribe on the Passion river and tlhe immigrated Maya Indians of the
lion/()afli,na form thie actual population of the department. Iii their isolated situa-
tion and at a distance of about 270 miles from tlie city of Gu'atemala, they nees-
saril;'have. remained in a rather primitive state. Thehtdinos, or so-called whites,
(tliough wit), a good deal of mixed blood,) form a kind of patriarclal aristoc-
racy. The Indians and n(egroes are the field-hands and hlouse-servants of the
whites, unndlr the system of peonage, as in some parts of Mexico and Central
Amnerica, obliged to serve tlie master to whom they are indeblted until their
debt is p: d. Others live free in tile villages, subject to the local authorities
appointed by tlhe government. Tlie corregidor is at tile same time civil gover-
nor, mililury chief, judge, revenue collector, and postmaster. Ecclesiastically
subject to the bishop) of Guatemala, a vicar andi two curates are assigned for tlhe
spiritur I administration of the whole department. ThIe raising of cattle and
horse(. is almost exclusively tile business o(r the country; oxen, horses, hides,
mioccssins for the negroes of tlie British colony, a little cot(lee wild cocoa, India-
rnubber, and kal' (the palm leaves of which tlihe so-called Panama hats are Inade)
are their only articles of exportation. The returns consist in cheap merchandise,
dry goods, hardware, etc., imported from Belize. Such is the state of agriculture
that in the richest soil there is scarcely prmlodcled tile necessary quantity of Indian
corn beans, sugar-cane, tobacco and Sisal hemp for their own consumption.
All the land belongs to the government, but is free for the use of every one.
Schools exist nominally in time city and larger villages, but they are for the
greater part of the year closed on account of teof the want of funds. There '; little
division of labor ; every one builds his own house, raises his own corn, and, if
lie las tlie means, some cattle, hmogs and chickens. EI'ver one is by tunis
butcher oror baker, and sells meat. or bread, (tlie latter only in tile city,) and maleshi:i own soap and candles. Almost all make moccasins, and a few industrious
persons occupy themselves, besides raising their corn, as carpenters, tailors, and
silversmiths. No store, no physician, no apothecary is to bte found in tile colun-
try. The people,, poorly educated, unrestrained, and w ith lint few necessities,
lead a lazy and sensual life, much given to gambling and intoxication, and join-
ing now, and then in a petty conspiracy, or even in an opeln revolt. On 'the
other hand they are good-natured, kind anlld hospitable crimes against personIS
or property are of rare occurrence. In their.social imntcrcourse they exhibit tilhe
mild and polite manners characteristic of the Spanish-American, and in their
external behavior they are far above the same classes in more civilized countries
of America andEl'urope.
The city of Flores during the last 15 years hati been reduced to half its for-

mer size by a continuous rising of tle lake ill tlhe midst of which it is situated.
This is occasioned, it is supposed, biy tile stoppage of a subterranean outlet. It
has now about 900 inhabitants, who live, crowded together, ini miserable hits
built of sticks covered with mud and roofed witl pali leaves. FTlue co electionn
will their fields amnd stock, which are on tlie mllail h11and, i.s etil'ctel 1,' frail canoes,
aimi is ot'ten altogether iinterrulpted when.a iirt1111n wiviirid sIg'i y agIitates thi
waters tof tlie lakeI. I found here, as everywhere in lihe couiiti:ry, lihe mi,,t friendlyreception, thanks to the special orders of' the government in my iehatlf and t thot
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natural kindness and hospitality of the people. During a month which I remained
on the island, I made some excursions oni the lake and to tile mainlandhi, collect-
inl' specimlens and examining some. points of special interest to archILohogy.
The ditlictulty of miliovelments from this place, however, decided me to choose another
centre foir my11uthlier explorations, and I changed to tie village Saclik, about
20 Illiles to tile southwest of Flores, situiated in tle savanna region, half way
between thle lakeIand the Passion river. Thlie prairie lands, ordered at the north
b1y tilhe first hills surrounding the ChaltunA lake, and to the soutl an(1 west iby
the woods along the Passion river and its tributaries, are of a peculiar formination..An alluvium of' red clay,* covered with a stratum of humus form three to eight
inches thick, oln which gra:ninela of great variety and only a few species of smUall
trees grow, i inintersected iby numerous gigroups and chains of low conical Tiills
fi'omt 30 to 10 feet hlighl, formed by large calcareois rocks (some, with caves) and
loullders. In thle northern part these hills are covered with woud and forest trees;
in tile southern part they are, like tilhe plain, covered only with grass and small
prairi-lherbs. T'lhe country, divided into numberless smaller and larger valleys,
in:nvy of them adorned with lakes, around whicll tle cattle feed, forms a beanuti-
fully varied and picturesque landscape. From this point I made nlmierous excur-
sioins il all directions; I surveyed part of thle Rio d(e la Pasion and a 111number of
its tributary rivers and lagoons, all of them located erroneously and with false
namlles in tile existing maps, thus collecting" the material for thle completion of a

map11 of southeastern Mexico, which has occupied my'leisure hours diuing a nmn-
1er of' years. Among the Peten Indians and the Lacanldones of tile Passion
river, wlho both speak dialects of' the Maya language, I found favorable oppor-
tunity to continue mny ethnological and linguistical studies, and was enabled also,
by occasional meetings with Indians from CahalbnO and Callan, to add the Qu.ecclti
to mly collection of vocabularies of langlag'cs belonging to thie region between
tlihe isthmus of Tlelluantepec and tlie other of Ihonlduras.
Of all the Indians of this part of' Central America none are of so great interest

as tlie Lacandones. Once a numierouis and powerful nation, which, united with
the Mainchl s and Acalanes, (both 1now extinct,) gave so much trouble to the con-
qUel'orss and, in fact, have never beenfIllly subjugated, they aro reduced to-day
to a very insignificant number, living on and near tlie Passion river and its tribu-
taries. Some old atlthors distinguish the eastern from thle western Lacandones,
and it seems that they were, in fiaet, its well as those of tliohe west, of different
tribes, living on tlie borders of tile Mexican state of Chiapas, speaking a diflier-
ent language, called Putirim or Chol, which belongs to tlhe family of languages
connected with thie Maya. To tliese western Lacandones are referred thie stories
(f'a large inaceessilhe city mentioned by Stephens. They live far from the set-
tleilents of tlie whites and do not tradehwithi them, nor do they entertain any
relations with the eastern Lacandones, who fear and avoid then. The eastern
Lcandonces tale a harmldess tribe, wlio live ill small palm lhuts, consisting of lit-
tlIe more tliita at roo(, and groulped into little hamlets of a few families, often
cI ngIi g their locality. They cultivate thle field, pllant fruit-trees, sugar-cane,
and Sisal henip ; search thle woods for wild cocoa, beeswax, ,honey, and other
prod'liucts of' the lorcst; hunt with bows and stone-headed arrows, and navigate,!'y means of their small canoes, thle lagoons and rivers from which they obtain
plenty of' fish and tir'tles. Although occasionally baptized by Catholic .mission-
amries anid l'(oII of' saying their prayers, they still adhere to their old heathen wor-
ship, :a(1d illdullge ill polygamy, keeping Is many wives as they are able to pur-
chase o(r to steal. T''he' visit tihe villages of thIe whites and settled Indians to
sell their prodl(ce. 11Havilng adopted a little orphan boy of this tribe, and speak-
ing their language, I soon won their friendship. They have, in mity excillrsioms
(on the watir anll illtlie woods,been of' thiegreatest utility to hm, as. almsot ti tle

"iOni occasion (it' tie vxciviltion of a v>»il in Siitliik I Siaw thi clty r('ch'ilng it depthi of
5{) leet, jiitl'rsoctcdtit about 3u icut Iouni thu surliice by t binull layer of pebbles.
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corregidor, who, with their assistance, has found a new route through the unknown
wilderness to Verapa?'zand fGuatemala, which was long in vain searchedt or, and
which reduces the distance to less than one-half of thttt usually travelled.

In the month of October, 1866, I was planning my departure from Peten. fur-
tiler west, and had ordered the required remittances from Belize, my base of sup-
plies, when troubles among the Imndians in tlhe British colony arose and changed
all my plans. One of the many blunders of the unhappy Emperor Maximilian,
who, with the best intentions, knew too little of the country which he thought so
(eas to reform, and who was especially unlucky in the choice of Iris employes,
was a proclamalltion to thie Cruzes, inviting them to a full amnesty, but threatening
to destroy the very last of them if they would not submit to his fatherly entreaty.
'Tlie Cruz.es were at that time in greater part tired of tlhe war, and, undisturbed
by the whites, had commenced to remain quietly in their districts. The menace
stirred themip again, and they armed themselves for resistance with the war
implements and suppl)lies which they could readily obtain from tile English tra-
ders. Maximilian's troops finally did not succeed in their operations against them,
but had to retreat after a fruitless campaign, much reduced in iumibers, thoughll
consoling themselves within boastful reports of shami victories. The Paciic Indians,
seeing the Cruzes again on tile war-path, and fearing a long-threatened attack
of their old enemies, armed also. One of their military chiefs got into diflicul-
ties with the Belize wood-cutters, on account of abuses committed by the English
against thie Pacific Indians in the colony, and also within tlhe territory of theo inde-
pendent Indians. An insurrection of the Belize Indians followed, in consequence
of which all wood-cutting establishments in tile colony were abandoned. and all
communication between Belize and Peten cut off. The English, after two result-
less campllaigns, succeeded in setting the Cruzes against their enemies, and a gein-
eral stanmpelde of tlhe I nlians of the mountain was tile consequence. These move-
ments caused a frightful panic among tile people of Peten, who are not munch
given to fighting and always afraid of one or tile other invasion of their country,
which they imagine to be superior to any, and coveted by all other nations. Fugi-
tives from tilhe colony and immigrants rom tile montalia kept us posted on all
occurring events. I learned that part of my supplies, despatched from Blelize
before tile outbreak, had been stored in some ihut on the Belize river and had disap-
peared. Month after month I waited in vain for an opportunity to communicate
with Belize, and all efl'orts to establish a correspondence with the Gulf coast were
fruitless. I resolved to go myself to Tabasco and to put myself again in com-
munication with the United States and Eu'rope. In tile excited state of tlihe couni-
try, where every day an invasion by thie much-f:eared Indians was expected, I
could find neither carriers, mulfes, nor drivers to move my baggage and collections.
I considered myself happy to get away with my manuscripts and with tile indis-
pensal)le l)rovisions for a travel through the wilderness, and left Sacluk in April,
1867, for Tenosique and San Julan Bautista, tile capital of Tabasco. From this
place I despatched mny correspondence. A return to Peten during tlie rainy sea-
son being out of question, I used tthe tie which was to pass before answers could
arrive for a revision and completion of my former surveys oftilteULsmac(inta,
its branches11and tributaries, and followed its course upwards 16.( miles alo\vo
PTenosique, to the so-called "Large cataract," whicit. however, at that time, with
high water, appeared only as a rapid with about three feet fall within a distance of
some 20 yards. Above this place the (course of the river is entirely unk1(own in
a distance which I estimate between 50 and 70 miles. On my return 1 visited
tile ruins of Palenque, and during tile trip was enabled to complete a !map of' the
department, and to collect vocabularies of the Putumn and Tzental lallnguages, both
spoken in Chiapas, and of the Chontal of Tabasco.

I was thus occupied when l)rivate business rendered a visit to tlhe United
States of importance to my personal interests ; lbit, having conclulided it, I nmt
now about to return to thle same field to finish my interrupted exploration, a1nd
to bring home the collections from Peten.



NOTES OF AN EGGING EXI'EDITION TO SHOAL LAKE, WEST OF LAKE
WINNIPEG.

rMADE UNDER THE DIRECTION OF TIIE SM1ITHISONIAN INSTITUTION IN 1867,
lBY DONALD GUNX, ItEI) RIVEtIR S.'ETTLEMENT.

On the 6th of June, 1867, Ih1ad all things ready for commencing my hunting
excursion to tilo lake; lbut, to my chagrin, the rain fell in torrents oni the 7tl
Sth, and 9th, which prevented our setting out till tile mriing of tle 10thi, when
the rain had moderated; and about 7 o'clock a. rl. I left llhom, accompanied by
two mlen, two oxen in two carts, carrying a lireh-bark canoe and our baggta(e.
We plodded on through " mud andi(lire," travelling very slowly a dlistalce of
15 miles on tlhe public road to the Frog plain, where we turned off to the plains,
taking the road leading to Shoal lake, in a northwest direction. Soon after we
entered on the plain we halted to allow our animals to feed and to refresh our-
selves. While hero we were joined by an Indian, his squaw, and their son.

These people1 ad been to the settlement with their spring trade. 'I'hey had two
carts, and were taking lack, in exchange for their filrs, fhllr, clothing,and ammu-
nition. 'This Indian resides iln a house at Oak Point, and is reputed tihe best
hunter in that district, which fact accounts satisfactorily for his comparative
wealth. After a short stay we resumed our journey, which was continledl until
dark, making a distance of six miles from tlh settlement. We camped on tlo
plain, and, after tlho usual preliminaries of cooking and sppi)ing, laid down to rest
under a cloudless sky, and slept soundly until sunrise of a clear (lay.

'hle unburnt portions of our last night's fuel were quickly gathered together
an(l ignited, water drawn from tle nearest pool, boiled, a liberal quantity of ten
thrown into it, boiled again for a few minutes, then allowed a short time to cool,
when we all sat down and desplatclled our morning meal witl great zest; attached
our cattle to the carts, and were on our journey before tile sun was a il)an high.
Tlle road led us over a beautiful, d ry, level plain, a distance of six or seven miles,
at tlhe end of whicl we came to a ridge of elevated land composed of lilliestone,
gravel, and granite boulders. 'lThis ridge is well wooded with pollarsr, and is a

continuation of the Grand Coteau at Longl lake. Back of the Assiniloine its
course is from northeast to southwest. It appears to have been the border of,
or anl elevation in, some ancient lake in ages log gone by. LakeiWinnipeg
miight have flowed round it or waslied its southeastern face. It extends eight or
10 miles in breadth. Thli declivity on tlhe northwest side is gradual but per-
ceptible, and ends, nt what is called tile Big sw\\ami , where e arrived at noon.
Iere we overtook our companions of last nigt!l, and a heroic dame from Oak
Point, who left her hlome a fewdays lefoire tfor lied river, and was now on her
wany back witl two cart loads of pine boards antll planks. Shle has a consider-
ab)e portion ofwhite blood, yet exhibits all tlhe lhardihood of the squaw,iand
can, with Iwonderfill dexterity, avail herself of all tlie resources of thle forest and
the hlake. Here site mado a feew snares, chased the rabbits into tlhel, and ill a

yvery sort space of time lad a number of them boiling and roastillg, and after
hunting, cooking, and eating her dinner, was ready to start as soon ais any of Hs.

After a stay of two hours we l)r(ce(ded( on the road leading(over a flat, rich soil,
composed of black, vegetable mold oni a sub-soil of clay, land winding through
hundreds of young pophlrs, tall and slender, but, so falr is we could see, ultiit
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for building plurloses. On the right the forest extends to Lake Winnipeg, near
which pine and tamarack abound, which, at some future period, will be used for
liuilding materials in this region. About 5 o'clock Awe arrived at thie ridge;
unyoking our cattle we gave them some time to drink and feed. In a verj
short time( two or three fires were blazing and several of our party were run.
nin:g with their tin kettles to bring water, which was soon converted into tea;
after which we sat down in groups to enjoy this evening meal without the luxury
of plates, knives, ,or forks, &c.; some, for the former, using a few poplar leaves;
others a bunch of green grass; and for knives and forks their teeth and fingers.
After eating, pipes were called into operation, and after smoking, stretching, and
'rolling ,we by mutual consent, harnessed our cattle and left this delightful place.
'This ridge runs parallel with thle other, and is composed of similar materials-
aliripoton tle southeast side, but, once on thie summit, thle declivity towards Shoal
lake is impl)erceptible. A short time before sunset we sighted and were soon
after travelling along this irregular sheet of water, neither fresh nor salt, but
containing enough of the latter ingredient to render its water very bitter and
unpalatable. As we passed along the lake, I observed a stone pillar, or cairn,
formed of small granite boulders thrown oose(ly together, and on inquiry of my

col.lpanions from the lake ,"What Imeain ye by these stones?" I was informed
here, in 1843, in passing from Ihed river to Manitowabl, to establish a mission
among thle natives, tile Rev. Abraham Cowley and party passed their first Salb-
bath in the wilderness, and tlihat theso stones were set 1) to commemorate tlhe
sermon preaclihed on the occasion. Weo continued our journey some time after
sunset, and finally encamped for the night where weawead plenty of wood and
good water. On1 the morning of the 12th we left canlp about sunrise, continuing
our journey along the lake, intending to pass round .the north of that part of
it along which we were travelling, then turn to thle soi1t through tlhe point oppo-
site where we were, and at a distance of five oor six miles from us, to it rather
deep bay in tlat point, it being the only place where we found the grebes in any
considerable number when I was there in 1865. That year weo encamped on i

point running into the lake from tihe soutl anfd at some00 distance to the west of
the narrows. We had. to find our way to the breeding places, which cosumene(l
some time, and proved inconvenient oil account of its distance from where cir-
cumnstances compelled us to stop with our carts a1nd oxen. Moreover, oil account
of a great storm of south wind tlhat sprang up and continued( for 48 hours, we

were prevented returning to camp with the products of our hunt until both birds
and eggs were beginning to spoil, and( adding considerably to tile distance in
going to Manitowabla lake. To avoid these inconveniences I intended(, as stated
above, to follow the west side of tihe lake, turn round tlhe north end of that bay, or
arm of it, and then proceed south to tlie bayNwhere we formerly made our hunt.
On inquiringof of ur Indian companion as to the kind of soil to be travelled over in
going into tihe point, lie represented it as full of quangmires, and altogether unlit
to Iear oxen and carts. This tale, which in a few days after wee found to bo
untrue, and only showing tlihe Indian jealousy of intruders on their hunting
grounds, made us stop on the west side, whence we had to go six or seven miles
to lhunt.

In tihe first part of the (lay we secured someeggs and birds--among others a

pelican. I remained in camp to clean tie eggs and skin te birds. The pelicanll
was a felmuale; she contained four oeggs of a large size, with some smaller ones.

N\oice of tlhemi hld any shlell, iand I amn inclined to think that tile flock of which
she ftrmnced a part was on its way north to some breeding Ilace, probably Lako
Wimnipieg. '1'heyvia.'efo,r some years forsaken this l)hnce!, being continually dis.
turliedlby egg' hIluinters. After g1umnmmiinug our calnoe, miy maen( (an Ilndian an(l my
y(1ung11(st soli, who aiccomplanlied nme illn 185) set (t1' for Grebel bay. Late in tihe
evcliing tlte wind 1Ilhew strongly from tlic southwest, bri nging t,'re;nts of rail
(,n its ingigs, against whichmiy only defence was an ox-hide. The rain, with
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some short intervals, continued during the following day. The third dav was

dryi and clear. In the evening our iuniters returned, Ibringing ducks, grebes,
anld eggs inll abundance. Ozn tleir arrival at the hunting ground they were not
a little surprised to find others thlerc before them. These people were from
Manitowalla lake, having transported their little dug-out canoes on carts drawn
by oxen over tlhe very ground which our Indian friend had represented a's one
(cOntinuoulis tljuaigIire. Iowever, as we had already made a good beginning, weo
decided on relumainillg where we were, and extended our excursions thence. As
soo0n as we had skinned our birds and emptied their eg'rs we took to the lake for
inore, which operation we repeated from day to day, until we liad secured a con-
sideralhe nml11,er' of specimens.

'1'le annual resort of thie PJ'dieps occidenlalfis to Slhoal lake is, as has beec
observed, '' renIarkable." lFromtle most reliable information that I could obitinli
from tlhe Indians at this place, it has never been seen on thle lied river, noron Lake
Winnipeg; and I never heard of' its having been seen anywhere in what is coi,;.-
inonly knowVn,is tRupert's Lan1d, except at Shoal lake and Manitowaba; an(d I[
nmay add that it is also remarkable that there are very few grebes to lie found in
tany other of tlhe bays connected with tile lake, although all these bays abound
in reeds and rushes. Possibly these birds prefer the bay on the north point, on
account of its being sheltered from,, the wind ; and probltably ta greater facility firobtaining fiod in that locality may influence tlIenI in tlhe choice they make. I
am inclined to think that the large grebes feed on aquatic planlits. 1 opened
several of their gizzards and found nothing ill the but grass. The western
grebles, when seen in groups oi tile smooth, unrtiulled waters of tile lake, makeo
a splendid appearance, sometimes raising themselves out of the water and flap-
ping their wings, their white breasts glistening ill the sun like silver. They are
not timorous,' lbut when alarmed they sink their bodies in the water, and if tilhe
object ,f their fear still presents itself they plunge head foremost and dive, and
comitilnue a long time under the water, often disappointing tile expectations of their
pi'rsiers 1byI reappearing in a difl'erent i region fron thatdirectt t icipate . They
make their nests among the reeds, on thle bent bul'rilshes of the last seasoil ; tito
frame or outer work is of reeds and lined with grass from thle ,bottom, andl reed
leaves. The nest is nearly oin a level with the sur'roumnidilng water, anlld imav b
said to float at its "moorings', held there by the reeds. We found hu,!indred.s of
these Iests, containing two, three, and four e.ggs each ; I believe six to be tho
highest numnhber we 1u,111d( i, aiv one. We took 13 grebles, of whichtihe males
were larger thantlithe females ; tie largest males mneasuire(l before skininig, 27.t!;v 38. iclies, anid 14 inches round lthe body at thie heads of the witgs. Tlim(
l;r,.test female measured 24.A Iv,. 3:2A inches. We shot not a few ()of tiiein in tlho
act o leaving their lnests, aiid list of (them on heilng ski.nned proved to lie,
,males; which fact inclines mie to believe that thle Imale bird takes his turn, in
sitting on the eggs.

'lhe lioklWps untt'als are very IInIIuerouis in this bavy. 'Tlhe' imake( their ncsts
<n the btilrshes, composed of tile samnie Imateri:al. We fI;,,iiud a-s iamiy as ::ix
(,.rTS ill soiime nests, built in tlie greateril'tminmlcr of liest s onelv f'oir. 'Theyv are ver

shy and expert, divers; are very collmmoll) on the Red river, and breed ill tlie
mI:i'shes near thIe lake.

I mayv here observe that great iilnumbers of niglht-ieroiisbreed here. 'l'v fix
their nests to tihe reeds eiglit ,r nine inches Iibove tile writer, ant lideposit ill (':lch
1',ir)'or live rinimdish, blue egg's. I think tits is thle oily place ii lliijert's La.d
where. thiis species is found. Vgavegave them tliet "go,,o-by" last sim111mer. The
11dlia:its call themll kitclah-geskmlln, i. c., lig king-flshir.'.I )miks and their nests are found ever'vwhM'ere ro,,tnd thit' lake. Thel', rdidy du(ck
is smIlti'ei.s fo;)uld ill swamps near this river, lint tlhey arc miorernmtierotis at
.ii'oal ilake iuanl Miniiito\waba.
'lheairenareumbers or terns breeding annually at Shoal lake-some 'of themni
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on small, gravelly islands. These form their nests by removing the gravel,
making hollows in which they hiy their eggs; others of them take up their abodo
among the reeds and rushes. HIere with great industry and(( ingenuity they make
their nests of reeds and grass, fixing them in their place to keep) them from lo()at-
ing away. When in Lake Winniileg, in 1862, I observed that the terns which
occupied sandy and gravelly islands made their nests as those do,on tlhe gravelly
islands in Shoal lake ; and thile terns found on thie rocky island on tlie east sid1
of the lake chose It;, their nests depressions and clefsl' in the surachee of thle rocks.
T'lhesc they line carefullly with moss, three or four eggs ,being laid in each nest;
thus exhiblitiJg a remarkable example of instinct, which teaches these little crea-
tiures that their 'ggs laid ill soft sand and in loose gravel are safe without any

lining to pr'otcct them, bit that when laid in hollows and clefts of rocks, lining
to protect their eggs and young from injury by these hard and at iight cold
materials would be indispensable.

All round thl.elake there is ani al)inda(tnce of wood, witli many fine, open plains
in every direction offering great facilities and pinomising rich rewards to tho
industry' of tile husbatindmani. The only drawbal)'ck in thle wa ofof making settle-
Ilmets at this lake is its bitter, disagreeable water.

After a stay of ten days at Shoal lake we set out early in thle morning for
tle . 'itoo-Winnitipeeg AMlanitowabla. We founml a well-definedi cart road leadillg to
Oak point. On our way we met a younig half-breed from tile bay going to (Jrebe
bav. lie had his "dg-ouit" on at cart drawn b1y an ox. lie stated that Ilia
object, ill going there was tto lunt timuskrats andc1Illect as mllanlly egs of all kinIds
as hle ctaldt(, to take iome to eat. As these people neither sow nor reap, they
have to sulbsist ,on what the seasons afford. After travelling for 10 or 11 hours
o'ver a dry, level road, we arrived at Oak point in thle afternoon. lere westwtplLed
a short time to dinie and give our cattle time to feted and rest. Afterwards we
proceeded to the like, where we saw great numbers of those beautiful birds, tihe
Franklin gully, soa:in'll over the water near thle shore, and at short intervals
pluitnging in to seize their lpr(ey. We could have secured nuImniers of them if' we
ld had stllffing material. The following days we hunlted in marsh, but tfoundi
very few gull eggs. We proctt'ed some duck nests, and among them were two
AIflui/I AnHwcricana, (red-head ducks' nests,) one containing eiglit eggs, tie other
19. Whlen I was there in 1865 we found( one belonging to tlie same kind of
dutick con(tailning 19) or 20 eggs. Thie Illdialns accuse this duck of dishomesty,
stating it to( have very little respect for t lie rights of property, being inclined( to
rob other (lucks of their eggs and place them inl its own niest. This species and
lie c.anvas-back are lbothl found at 'lShoal lake antd at Manitowaba, but nowhere

in greatnum111bers.
While here I was attacked by a ctitatneous disease, which affected my eyes

very painfully. After ait residence of three days we turned ouir faces lhomeward;
The( mnortniig was fine anld bright; in tlhe afternoonille chlmiuds gathered fast
firim tlie south . The-ilig;it ov(rtok its before we crossed thle plain at tlhe south
enid of Stohal hike. We fo',und t,,tne alter for oul's'elves anid (,lcattle, atHd laid
down to, rest utthdetr one of our carts. Sui tile rain began to pol ' dobwnt in tor-
rel Its, tle wilt blew hard, driving thle raill throutl'lt all ou'r delfetince.s,l:hid i a

short time Ithatikels amd clothing began lII cIm11111municate anythling ibut a pleasant
sei'sattioml t o)ll' cliilled frames. Buit the night was dark, and we had to keel)
our post until daylight, 6veuy momnt expecting tlat .lie lightnilig would strike

outr Coi'taril tit(st 'tprilably tertminitate (u joit'irncey; antI,ntnfortutnately, (l'r speci-
mena(is got wet and ctinsilderalbly illIjured. We attached oU oxell to(t(lcarts atnd
we(rc ito0ving i,' , eflorme sumnise. At 8 o'clock we halted at thlle Iigbridge ; while
there theI situn beg-ant at times to peep thritougl the: ,broken clouds, thle rain ceased,
and at last tlie skybvecaim. clear and tile air warmi. Thle road was in many
pllaces covered witl pounds of water, rendering the travellig slw anld unllpleasant.
At noon we halted at tile Big swamp, lhad dinner, and afterwards resumed our
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journey, tile weather and road improving as the day advanced. At sunset we
came to our first camping place from tlie settlement, imen and oxen being very
tired, and I very unwell and nearly blind from tiae affection of my eyes; we were,
however, muchl improved by a good night's rest, and left cammip after sunrise. lit
passing over tlie plain we shot a meadow lark ; these birds are found in pairs
along thie Rled river to thie end of tlme plains, and on the south side orf the Assini-
loiine. h''lhvappear in pairs in May, generally perched on a low tree-willow
or reed. 'I'They are very watchful, seldom allowing thie hnlter tRio chance of a~
fair shot. We found time public road much improved since we passed, on it,
before; the ttempelst which passed over us at Shoal lake did not extend to the
settlement. /e reached home at 3 in the afternoon, and found 'all well."

It mnav not here le aimiss or iot of place to make a few remarks on the Mani-
towabare(lionl. I have travelled a distance of 40 miles on the cast side of it,
an am delighted with e eauy ofthe bat o the landscape ; tile wide expanse of water
in tlie foreground, the dark green forest in the rear, with a,beautil'ul green lain
of three or fourimiles in extent, gently declining from thle forest to the lake,
inviting the husbandman to put in tlie plough. Here are neither stones nor
roots to impede his operations, 'and I ami sure the soil is gelieroums ani would
amply repay his toil. This large lake abounds in a variety (f' fish o(f th(e best
kinds, which an indlustriolus population would turn to profitable accounit. In
this region there are at present three small villages: one at Oak Point, contain-
ing from 10 to 15 dwellings, called houses, of tle most primitive kind ; another
at what is called the BLay, consisting of seven or eight houses, and favored as
tle residence of a Catholic priest. /A third village is rising two or three miles
to tlihe sotlih of tlie latter. Tlhe population of these villages is composed of
Indians, of half; three-quarter, and of seven-eig'hth Indians, with a f'ew very
aged Frelnch Canadianis. These people arc like tlio fowls of heaven ; they
"'i ther sow nor reap," nor (do they even, as far as I have been able to see, plant
potat(s. lley possess a few cjLttle and horses; tlhe latter roam through tie
woods summeran'd winter, living independent of their masters' care. Thie fines
o' hay grows within atfew yards of their houses, yet I have been informed that
many (of these people are so indolent as to allow tlieir animals to (lie in winter
fronim. starvat ion. There are two or three exceptions to tile above rule. The
(question wii natIallnturally arise, how do people so bound down by indolence procure
ftiod and elothingf In answer to this query we will begin with the opening of
the spring. I said above that tlio lake abounded with fish. As soon as the
tiaw conlilmences thi(. fish forsake time leel places to which they resorted as tlhe
winter advanced, and swarm towards tlie shore, and run into tlhe manv little creeks
that pass out of tihe miarsihes into t lie lake. Here they are takeni ill nets and lv
angling Iromilthe beginiiig of April until thie breaking upi of the ice in tihe latter
Icd of .May,:anul for some time after continue pletitifull untill the water in tlihe lake
!ieconies warm, when the fish return again to (he deep places. In April the d'lcks
atid geese return in great nmbnelrs,i become plenti ful, and feed in iiumerois flocks
ini all thle mlshlesbringing the lakes for at least a iiIoiith aild a hal'. The gray
,'eaes(, and ducks draw o(t' by degrees in May, ibut tihe white geese (wawee) come
geeratllv in tlie, last week of A1ril, and begin to clear away finor 11udsoi's bay
,it lihe l3th or 1lthi of May, where tlhev i\nvaria!bly arrive on tlie 15th ofl' May;
the last of, theii' leave here f'rom thie 0t ih to tlie 23tith ofl' tit, same months.

WIilc tie lishi and wild fowl can lie had these peolp le enjoy a contliiual feast;
ami(l wheim lie(se fail, ratss' wilic.hhave been taken iln great numflw'sfor soIme vears

past, are considered desirable articles of food even whenplenty reigni iil the
lmld lite rat furnishes them not only with food blit with thle means oft providiLng
theiimselves.with clothtling. Since tile country lias been partially tilpenied the lurs
are liusilv competed for, and it follows that a higih price is i.nvarially paid forl
theii. When all the wild fow'l have taken to their breeding places tlihe people
L'ave it hard struggle for dear life against hunger, which compels them to isceuct0 0~'*,wihcmpb~ki
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along all the lakes and marshcs for eggs, and for every other eatable that falls
in their way ; and during the month of July and part of Aulgust l(ey suffer much
privation o( food, unless possessed of means to enable them to draw on thce set-
tlement for flour; but when tile young ducks take to their wings and the fish
begin to approach tile shore, they are able again to set hunger at defiance for a
time. In tile beginning of October the fall fishing commences, i. e., the Nwhite
fish (thle a-ticki-meg of tile Indian) approach the shore and tlh shoals for the pur-
pose of spawning, and if tlhe season be favorable those who command a little
industry and plenty of nets will be able to lay in a good stock for winter use;
but when tlhe fishing fails and tle rabbits disappear, as tllc case is this year, these
people are, indeed, brought low-even to starvation's door. lour is selling
there this winter at 40s. per cwt. Another trait of these people of primitive
habits and manners is, that, although occupying tlese villages for a long time,
they have neither president, council, nor magistrate, and I never heard of any
crime of any kind being committed by any of them except once, and that was
a case of manslaughter which arose out of undue provocation.



SKETCH OF THE FLORA OF ALASKA.

BY J. T. ROTIIROCK, MI. D,

A complete list of Alaskan plants with a detailed account of their geographi-
cal distribution cninot yet bo expected. But a small portion of our newly
acquiredl possessions has been at all explored by botanists; indeed, if we except
Sitka alnd its immediate suIToundings, wo may say 1o part has been thoroughly
investigated. Future researches will not only add much to our knowledge of
the species known to exist there, but will largely increase that list. The strip
of laud extending south from Mount St. Elias to thle Steekine river would well
repay exploration, either fiom a commercial or a scientific point of view. It is
almost a matter of certainty that this will be found to have a large number of
more southern species extending 1up into it.

It may lnot be amiss, in passing, to glance at the timber and prairie lands of
British Colunmbia; lying, as they lnow do, between our possessions, our interests
niust 1e ilmateriallyl affected by them. 'The forests of British Columbia west of
tho Co:ast range, alnd perhaps as far north as the Steekino river, are for the most
part made llu of the following trees:
Taking them in tlio order of Dr. Lyall, in his report on tho botany of north-

western North America, w\e have first in size and commercial importance, Abies
Dfitg/asii, Lindl., (Douglas' spruce,) from 225 to 250 feet high, and often 12 or
13 feet il diameter. This tree hlis acquired already angreat commercial value
in tlie lumbering trade of the coast. It is said by Dr. Lyall to Imake good spars;
it has a fine, clear "(grain," ta(l is destined to become more important as tlhe
rcsou.i'cs of tlle country are developed. Thie tall flagstaff in tile royal gardens
:it Kew is mad(e of a single trmllk of this tree. It is also found more ill tle inte-
rior of tlie cultry, in tlie valleys of tle Rocky mountains.
Abics iMel icsii, Lindl., (Meuzies' spruce,) a sonmelwhat smaller tree than the

last-mlenltioned, though still a titan.
Abi.s MerIle&'siana, (Mertens' spruce,) from 125 to 200 feet higll, and witll a

beautiifilly straight trunllk, lwicl, as D)r. Lyall remarks, (often grows G0 or 70
feet higlh before giving off at branch. It is found as far north as aItitude 57° on
the shol'es of Norfkolk sound.
We \\ill il sert lere Abies C'anadensis, whicli is staid to have been fouled by Mtr.

'1Tollrie as fhr north as latitude 57°, on the shores of tile Pacific, and by Mertens
in Sitka. This tree though of large size, is very inferior as tillber. 'lhe bark
nmia. Ibe trlllned to account in tanning.

iinlas cojlortal is found throughout tli( valley of the Frazer on hligl grounds;
it grows from 25 to 50 feet hligh and a foot ill diameter. On tlh upper Frazer
tlis tree is eminently social, andl one often finds mile after mile of forest made
i') exclusively of this tree. Inl tile spring months tlhe Indians are ill tle habit
ot stripping oil' the outer bark and scraping the newly-formed cambium from the
rumik; this is eatell either inl tie fresh state or dried and pressed into compact mIasses
The present report on thoe botany of Alaska was prepared at the request of the Smith-

soiiian Institution, by Dr. J. T1. Rothrock, professor of botany in tile Agricultural College of
Pe'insylvania. 'The original material committed to his charge consisted principally of the
collections made by employ's of the Western l'nion Telegraph (Comany, in their explora-
tions connected with the Russian overland telegraph expedition, Dr. Rothrock himself among
the number.

JOSEPI IIENRY,
Secretary Smithsonian Institution;
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for future use. Early' in the season the taste is not unpleasant, and the effect is
tlhat of a gentle laxative; but later,when the tree has fairly commenced its sum-
mer work, and begun to elal)orate its peculiar tereblintlhiate principle, it is too
strong for other than Indian palates, or except as a last resort against starvation.
This "girdling" of these trees has resulted in an extensive destruction of them
near the Indian villages.

2ltlja giglantea, Nutt.-This magnificent tree grows sometimes to a elcigllt of
170 fcet, and to a diameter of 10 feet and over. The timber is light, easil?
worked, and tolerably durable. I am not certain that it is found north of tile
51st or 52d degree of latitude. I have seen boar(ls 20 feet long split from it
by the Indians. From it in part tlie celebrated "northern canoes" are made.
Thlse canoes, "d(ug" fromthle single trunk and afterwards steamed into shape,
will often carry four tons. From the wood the Indians also mannuflcture pladdles,
dishes, and boxes, some of them exquisitely neat. From tle inner bark they
twist ropes of great strength; mats, hats, and baskets are also woven from tile
same material. Thie linabity of the wood to split wlicnl exposed to the sun is
rather a disadvantage.

Acer macrolpyllum (Large-leaved maple) is found in the valleys of the Pacific
slopes as far north as latitude 55°. This tree attains a height of 70 feet and a
diameter of two or three feet; its wood is perhaps tlhe best substitute on tile
Pacific coast for tile lickory of the Atlantic slope; the Indianls use it to make
snow-shoes, spear-handles, and axe-handles; from its inner bark theyVyeave
laskets, lats, and inats so closely as to holdl water. Leaving the headwaters of
tile Frazer and crossing tile mountain range to tlhe west in latitude 55 north, I
met this tree first, growingll il company with Thuja excecla. On tile upllper waters
of the SBkena river I found tll Indians using it in l)referenc to any other wood, as
fuel, d(liring tle long, cold winter nights; frequently they have completely (denuded
the lill-sides of it. Lower down on tlie Skenat tile cottonwood and ''lhuja mingle
witli thle maple in about equal )proportions. 1The forests tlere I)resent a most
cleiering contrast to tie somlbre hues of tlie conifers tliat abound in the valley
of tile Fra'zer, and almost remind one of tile variegated woods of tile Atlantic
slope; birches, too, attain there a leigclht they do not reach in the interior valley
above mentioned. Nowhere have I seen forests mIore beautiful than those lnear
Rocher (ie Bouller on the lower SkeIna.

Before concluding this passageao'tn British Columbia I will add a letter fiom
Major F. L. Pope, who, iln mid-winter, made a most trying trip from Lake Tatlch
to tile Pacific via: tlie headwatert.s of tlie Steekino river:
"The timber on thle upper ,Skena for 50 miles northwest of Bear lake is very

thick and of the same kind as armouid Lake T''atleh (Pinus euntorta and Po1ulus.)
It averages about. afoot in diameter. Still more towardstrle head-waters of tile
Skenal open, grassy plains begin to appear, growing more and Imore frequent as
you go north; over these are interspersed trees, (still of tile same kindd) but
growing apart like trees ill a lark. At tile head of the river, about 4,000 feet
above tle sea level, conifers are scarce and dwarfed, but these apparently are
still of tlic same species. When cottonwoods are met with they are of goo(l
size. Passing the summit and descending tile valley of the Steekinc, which
run1s north for allout 100 miles, we still find tile same trees, but not so abiund-
antly. ()n the upper Steekine are great numbers of small poplars and willows;
here, too, I occasionally found some patches of pine, in which the trees were
about 12 feet high, with a coarse red bark, crooked limbs, and large cones. On
the benches along tile 'Great canton' tilere is very little timber, what there is
being small pilne growing in patclhes. After getting through tile canon, cotton-
wxoods grow il great abltndance on the points jutting out into the river; asso-
ciltedt witl them aree alders and willows without number. As near as I can
remember there are no cedars (Thuja) until vol approach tile coast. I do not
recollect seeing any maples, though there may have been some."tD anZDa~es hul
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Qucreus Garyanlla, Doug,o l wlic is so abundant near Fort Vancouver, is also
found o(l Vanicouveri island. Hooker states " tlie wood is good and well adapted
to ship-lbuilding." It grows 80 feet high.
Pyrus rivularis grows to be a small tree, nll(l the wood is hard enough to take

a good polish ; it may be turned to sonic use in the arts of life; the fruit has:
decidedly pleasant flavor, and is largely used by tlhe Inldians.
The less elevated prairie lands of the lower Frazer are thickly covered with

various species of Poa, Eraglroslis, &c., intermixed with Vicia Americana. Event
as ftr nortl as Fort St. James I have seen the grass and "pea vine" three feet
high; these spots afford luxuriant p)asturage. At the ablove-nlentioned post of
tlhe Hudson Bay Complany, (latitude 54° 41' north,) tle horses live nearly the
entire year without other forage thasuch as they lind. Mules, however,ir e not
so successful in sustaining themselves w\\enl the snow covers tlhe grass, Lanl require
lookingg after." l'Tle swamps are thickly covered witl carices; anong which
C(lrcx mutricullta predomilnates in number of individuals over tlle other species.
Thel high grounds afford the "Ibunch grass" (IEymuns) of tle packers; so nutri-
tiouls is tlis tialt even when apparently dead and dry, "stock" will becolmeu fat
on it, and remain so under hard work for long periods if this bo plentifully sup-
plied.
Of the maiu land from Steckinc river nortl to Bristol bay we have )blt little

lefileite botanical knowledge. Sitlka, however, las been we(ll explored, liotlh )y
3lertens andl later by Ferd(. Bischoff: We may be said to know its flora pretty
th'oroughlv. Perhaps after tlle list of plants given on tlhe following pages I cail
presenCt no better pOl)llar idea of tlio vegetation of this island than by qIuoting
friom a letter of Metrtens " to a friend in St. Peterslurg ;" it is pllulishe ill Iolker's
Botanical Miscellany, vol. iii: 1"f we compare tle lofty forests of Sitka (Sitchia
in letter) with thle wintry coasts of Kamschatka, where, 4° more southerly at St.
Peter and Paul, tile birch only attempts to rise into a kindl of tree, we shalllhere
flid a confirmation of that law whicli proves, by comlparling tile climates of ,is-
}fon anid Philadelphia, Paris and Quebec, England anid Labrador, Drontheinl and
telaii(d, that countries situated to tlh east of the sea possess s a1 milder tempera-

ture than those whllicll are lAaced to thle west of tle ocean."-(Op. citat., p. 12,
prefatory remark by Adrian von OhCamisso.) " It [thle forest] principally consists
of two kinds of fir; tle tRussians who inhabit Sitka call one of them pine, (yely
or jeli,,i the otler the larch, (listucCn)j, though neither of them bears the least
similarity to tltetrees which are thus named in Russia. Botl are referable to
Miehlauxs' genus Abies. The pine, as it. is called, seems to mne analogous to tlhe
North American pine, (1Pinus balsalmc.) Botlh of these trees Ilmst be peculiarly
eligible for masts :and building timber iln general, as tlhely attain llI imlmenlls
eightt; yet tlme wood of the pine is not much priz'ied; it is said to be of short
dunrtion ; that of tle larch, as it is called, lasts much longer."-(Mertens in lit.
ex. op. citat., p. 16.) "Thie axe scarcely ever echoed in theso woods; indeed,
the surrounding wilderness is immense, atnd strikes tle beholder witll a feeling
of horror. For centuries these trees have never flllen butttlndel til weiihlt tof
years; and their mtouldering remains give rise, without alteration of' form, to flut're:
generations of trees again to flourish land again to die! Nevertheless, thle ablld-
ance of shrubs, herbs, and mosses, which clothe these hoary forests, and rise
over thle natural graves of their folrmier denizens, impart to tie scenery lan air of
vigor and of youthl."-(L. C., 1). 17.)

After ascemling 1some distance u1) tile mountain sides of tlhe island lie finds
"thle wood, whicl now appears again in increase dense' ness before us, consists
luarticuhirly of a noble1Itutjat, called, on account of its agreally scented wool,
dusIchenit', (scent-wood.) It is tl(e timber imlost valued here. The tree, indeed,
occ'll frequently lower (dowin azt the foot of the mountains, and even to tlhe sea,
blut so s;c:ttered( that it is necessary to search fo' it amontg tIle imore plred'mlinn"llt
I'ine trees which conceal it from' view; but here it constitutes almost thle entire
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tihltoer, and the pine and the larch are seldom seen-the latter, however, not ceas-
ing soOwn as the former."--(L. c., p. 19.)

Mlrtelns completes the picture of the vegetation of Sitka with reports of the
sijpec:is of aconite, aquilegia, claytonia, rubus, saxifratga, epilobium, vaccinium,
Iilmilus, orcli(ls, aud sedges, which add variety and beauty to the scene; some
of them specifically the same as those growing on the eastern slope of America
anIl ihn the United States. iHe also notes a grass (Poa) growing two or three
ft'et highly; " various ferns, which are, however, types of those which prevail in
lRussia, grow in great luxuriance."
From C(hamisso (in Ilooker's Botanical Miscellany, vol. i, p. 317,) we learn

that on the peninsula of Alaska (Alaska proper) a few trees are found,; but on
the island of Otnalashka, which has a more Arctic oceanic climate, the scene is
changed; for "a few miserable tits, originally brought from Sitka and planted
at Olmialashka, Imay still be seen, most of then decayed, and the others seem
scarcely likely to live."

'"At Ounalashka, under the same latitude as Lnbeck, the willows scarcely grow
higher than tihe luxuriant grass and herbs of tile moist grounds. As soon as
we ascend tlihe inferior hills a completely Alpine vegetation appears; even on
the least elevated regioIns of' tile minuitains are some Vaccinia, resembling V.
MyIrli11las, which scarcely rise above the ground. Besides the brilliant vcerdure
(due ti a moist atmosphere) which here adorns the grass and enlivens the rocks,
the lustre of tie fresh unsullied snow and of some social plants bestow on this
dreary country a rarity and beauty of line which are quite delightful. Lquinus

oolkld'efntsis, Mimihts lutcus, tEpilobium angustioblium and lat'olaim, 1Ihododcn-
dron Camtschaticum, etc., are among the most conspicuous. Tlheo fresh green
of tile. turf even reminded us of thile valley of Ursera.

'The vegetation lere appears to have nothing further in common with that of
St.. 'eter and St. 'auil thanll as respects its Alpine flora and tihe coast plants of these
iortlir.rn shores. Besides such species as are likewise found more north we have
o(nly Liiumn (Fii)'ifdlriu) Kamtsclhaticum and tile I vicaria almplexifolia (Shrep-
Iopus) co'miimon to bo1th places, while on thle contrary we found more Kamtschat-
kall Species of plants on the American coast north of Belhring's strait, which we
Imissedl at ()unalashka. It is the flora of tlihe northwest coast of America which
dlesce(dlls to thie base of the lills of this island, where it unites witlh tile Arctic
flora. As examples of this we mlay citerlhius spcctabilis, Lupinus Nootklatcnsis,
(whlicli may also bue fou'nid, though dwarfish, on thl hills.) Epiobium (ut/one,
MIfi'fli/s fitteus, (Ilayilonit.t nalaIschk'ansisand Sibir'ica may also be re('ckoned here.
S(inflisirbatt (Jn/adensis, LiIho.spcrmum anguf.stiJIium belong to the common
flora of America. Many species of grapes thrive in the low lands, with soeino
U'mlf'/tlll/, ichli ats Anielicr, Iraclcum, etc. A dozen Crices, scarcely forming
a larger proportions of the vegetation than in the north of Germany, stone Scripi
and E'Jiopl/tortf, accomnlpa.y tim. m, witlhi at few ''unci ill the proportion of almouit one

to two. The Or'chidtlcc( l'form a group of some importance, both )eclause of the
numb111Ier of tile species and thie beauty of tile indivi(luals. They prevail both in
tle va'lliyH and on tlie hills, and wo enmcounter eleven kinds, among them a beau-
tifulCit ifpcdium. Higher north woe did not observe a single species of tilhe
ftamilv. t()f tie ferns we found about eight species; nearest the polo there is but
one '/i7(.c, and of this we saw but a single specimen. In Ounalashka there are

01,me LlI//COpJOdia; in thie more Arctic regions but one. We found in tihe lakes
many water plants, Joaofim ton, Spartnium. Itluuncidus aqtlatlilis ; in the
higher latittles we observed only tlhe two specie sof Hippuris and tile cormnion
C(.tllihiche.t" (IL. c. pp. 317, 318.)

[I tall 11OWtno ll1e rate 1biit teni species of orchids. Somlle are also fould iiorth
of Ounalashka. 'Thel remark concerning the ferns needs the qualification of at
least one, and perhaps of two, more species.-J. T. 1l.]
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"At Ounalashka, tile mosses and licliens begin to assume that prominent sta-

tion which they hlold ill all thle very cold districts.' (L. c., p. 321 )
Fromnll thle above we may safely infll that a nich lower sutlater temperature

prevails at Ounalashka than on either of the opposite main lands under the sanie
parallel. 'The comparative height of tle snow line is also another evidence of
the same thing. At Ounalashlka it is llut 3,510 feet above tile sea level, while
exactly three degrees further north and oni tlhe KaItschatkLan side it is 5,249
feet a:love tlhe ocean.
For most of the general results of botanical exploration north of Norton sound

we :re indebted to the Relport on tlie Botany of tlie Ierald, by Berthold See-
mann, an(l to Dr. J. D. hlooker's paper on the Distribution of Arctic Plants. As
will be observed, I quote freely from both these authors.
Secmann says of tlhe trlly Arctic region about andl north of Behring's strait:

"The soil is alvwas frozen and merely thaws during the summnIer a few feet
belowtile surface. lBut the tiawing is by no mIeans uniform. In peat it extends
not deeper than two feet, while in tlie other formlltiolls, especially ill sand or

grtavel, the ground is free ftrom frost to thle depth of nearly a fathom, showing that
tlie sand is . Better conductor of heat than peat or clay. Thle roots of the plants.
even those of shrubs and trees, do not penetrate illto tie frozen sulbsoil. (On
reachinll it they recoil as it' they hiad touched upon a rock tlroulgh which l o

)pssage coulll le forced. It mayNl)e suprising to behold a vegetation flourish-
ing'.under such circumstances, existing, it would seenl, ildelpedeni t of terrestrial
heat, )ut surl'lrisO is changed into amazement on visiting Kotzebue should, wlhe'E
(on tlops of icebergs herbs and shrubs are thrivimlg withina luxuriance only equllklI(d
in m(wore favored climes.

()n the eastern side of America no forests are found above tile mouthll of tle
river Egg,( about tlie 60th degree of north latitude. On tle western side they
extend as far as latitude 66° 44, north, or nearly seven degrees l'neer tlie pole.
'vWith 'a sunil shining throughout tile twenty-ftour hours the growth of plants

is r'pid inl tle extreme.. Thie sinow lITas hardly disaplpleared before a Imlss of
herblage has sprung ul'), and thle same spots which a few days beforee p}'esen(ted
nothing save a white sheet are teeming withinan active vegetation), l)rodluill
leaves, flowers, and fruit il rapid succession."
We further learn from D)r. Seemann that even during the long Arctic (lay tlie

plants have their period of slcep-shmort, thoughli plilily marked as ill tle tropics.
I'lhis time of rest is indicated )y tile samle drooilln of tlie leaves, land otll(hr
signs which wve observe ill miilder climates.
"'The whole country from N)orton sou(lnd to P'oint Barrow is olne vast Imimonr-

land, whose level is only interrupted by atfew l)roiontories and isolated 1Imo)111-
t.aiins.
"About Norton sound groves of white spruce trees land ,S'(li.v speciosa are fre-

quent; northward they bec((ome less abliundalit, till ill latitlude (i(;° 44' lmortil, on

thle banks of tle Noatak, Pinls [lAbies\ alb/t disapl)l)(ars. AIIus viridis extends
as far.l as Kotzebule sound, where, ill coiplany witli ,tSlix riillosa, S. lichtldsoni
Iand ,'. sLcciosa it forms ai low bl)rshwoo(l. W\ithl thle commlencement oft' tile
IArctic iccle Ab1us t'iri(is celses to exist; S&ilix. s.ccios' S. lichardsoni, alnd
,S'. rillosa extend their range further, but are only able for' a short distance to
keep) their ground; at Cape Lisl)lrne, in latitude (8° 52' north,l they are ill tle
lmist favorable localities never higher than two feet, whilietheir crooked gLr()owtl
land numerous abortive l:eaf-buds) indicate their struggle f;)or existence.

" '1Te IEsqfilmaux eat thle roots of P'oli/!/onum ciitlrumJil and collect for winter
use raspberries, whortleh)erries, and cranlberries, which are frozen so hard as to
require anl axe to break tile Imass."
A Slil. slpciosa measured by tile blotanists of tlie Ierald was follnd to( 1e blit

twenty feet high and five ilcles in diameter, yet thl( iamul rings shliowed tlhe
tree hadl reached tile age of eighty years. [l'or tlle above facts in regard to tlhe
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milainlandl north of Norton sound I alm indebted to Dr. Seemanln, op citat.-J.T . 1.R
Clhalisso writes of Kotzebue sound that "the vegetation is much more luxu-

riant tlhan in St. Lawrence cove," (some distance further to the north on tlic
Siberila side;) 'lthe willows are taller, the grass grows stronger, all tilh plants
arenlmore stoult and succulent, while the greater number of species common11 to
tli( Aierican coast than appear in St. Lawrence cove, indicate a more temperate
climniate. On tile island of St. Lawrence the Cincraria, lmllstris grows with a

remallrklale luxuriance in the well-watered slopes formlled at tlh base ofl the mondls
ft ice, while Becula vana (dwarf hiirch) is seen even to the very shores. The

plai l country of this island is free from snow throughout the slmnmer."
It will be observed that hMr. Seemann draws a line fronm the mouth of the river

Noatak in a northeasterly direction across the country almost to the estuary of
Mackelzie river; this hle assigns as the northern limit of the woods. This line
nearly coincides with tihe Julv isotherm of 50°, which temperature may be
regarded as a fair growing mean for the species of that region.

Beyond this all plant life is truly Arctic, and comes within the scope of Dr.
Ilooker's paper on the l)istrilution of Arctic Plants. 'Thle distinguished author
just named divides tlie Arctic circle around the globe into five districts. Goini
cast from Batlin's bay we have, first, tlie Greenland district; the second one lies
between the western coast of Arctic Europe, and extends as far to the east as

tle river Oi, and includes Nova Zenibla and Spitzbergen; the third extends
from tlie Obi river to lBeliril;'s strait; the fourth front Behringfs strait to the
Mackenzie river; and tlhe fifth from Mackenzie river to Baffin's bay. Primarily
we are concerned with but three of tlese divisions: first, the fourthi or Arctic
Alaskan, and then merely en pazssant with tethird and fifth lying on either side

i' it. From the same paper we learn that the fourth district lias of flowering
plants :164 species, (the terms.pcies being used 1, IHooker in a very wide sense,
iad all forms which are not clearly malnrked are regarded merely as Iboreal varie-
ties of some older species.) ()f these 364 (flowering) species, 110 of them are

Ahiatic and American forms; the third or Arctic Siberian district contains 233
species, atnd of them but 44 are peculiarly Asiatic and American ; the fifth or

Arctic eastern Alerican lhas 379, and of them 110 are I)ecuiliarlv Asiatic and
American. From thleabove it will b)o seen that the Arctic Alask'ia district has
a flora mIlilc richer 1bot in specific andl pculiar specific foriis thian the Siberian
district, biut is not quite so rich in species as tle fifth or eastern Americanl; tli
nor lher limits of vegetation will vary in different' longitudes. Rather a rich
vegetation clothes tlhe Arctic Alaskan shores, judging from the number of plants
collected by Capltiin Pullen. ilerald island, however, in latitude 72° north and
longiltde 176° west, rewarded Seemann s search witl btlt four species. Eastern
Greenland, between 70° and 75° north, gives 150 species. The reason of this
disparity iln nmnibers is, in part, found in tlhe following passages'

"'l('he climate of eastern Arctic Asia is marked bv excessive mean cold ; at
tile ()li tile isotherm of 18° cuts the Arctic circle in its southeast course, and at
tihe eastern extremlity of ti( ]province tlie isothlerm of 20° cuts tloe same circle,
wlile tlhe centre )part of tlle district is all' north of tlio isotherm of 9°. Thlo
whole of tile distri('t is hence far north of the isotherm of 32°, which descends
to lattitilm(e 52 north inl its middle longitude. The extremes of temperature are
also v'ry great; the June isotherm of' 41° ascenldilng east\lward through its west-
ernl lha!i' to tile 1)'Plar sea,( while tile Septembleri isotherm of 41° descends nearly
to 60° n,,rtll ; whence tie low Iatumnl tem!leratlre must reet)r nt an almost insu-
pellrale oobstacle seeds w\itlhin this segment of the Arctic circle.
"The warming influence ofttile Atlantic currents being felt no further east

than tilt( 0li, and tile sulimllier hdesiccation of tile vast Asiatict (oltinent, combillne
to render thie climate of this region one( of excessive (drhoughlt as well as of cold;
whenlce it is in every wayImiost unfltavol'abll le to v(,getttion of all kinds."

(f' its 2:33 species 42 are Illo(loctyvledons and 191 are dicotyledons, mIlaking a
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proportion of 1 to 4.5. In marked contrast to tle foregoing is tlhe following from
the same author:

'"Tile Arctic circle at Kotzcbue sound is crossed by tle isotherm of 23°, and
at the longitude of the Mackenzie by that of 12° 5', while tlo June isotherm of
41° ascends obliquely from southwest to northeast, from tlhe Aleutian islands to
tlhe nmoth of the Mackenzie, and passes south of tlis province; tlle JIme and
September isotherms of 41° and 32° both traverse it obliquely, ascending to the
northeast. Tlie vast extent of tlie Pacific ocean and its warm northerlyc'r'-
rents greatly modify the climate of west Arctic America, causing dense togs to
prevail, especially throughout tlio summer months, while tlhe currents keep the
ice to tlhe north of Behring's strait."

In this Arctic Alaskan district we have 76 monoctylcdons and 2S88 dicotyle-
dons, giving a proportion of 1 to 3.7. Dr. Looker finds in "comparing this
flora with that of temperate and Arctic Asia that no less than 320 species are
found omn the northwestern shores and islands of that continent, or in Siberia,
many exteniiing to the Altai and tlle Himalaya. A comparison with eastern
Arctic America shows that 281 species are conlmon to it." Of tloe 364 species
of Arctic Alaskan plants "almost all but tio littoral and purely Arctic species
are fund( illn west temperate North America or in tile Rocky mountains, 26 in the
Andles of tropical or sub-tropical America, and 37 in temperate or Antarctic
South America."

Tlle above paragraph affords an excellent illustration of tlhe migration south-
ward of northernl)lants during a period of cold long since past. Whether we
clothe this joint explanation of Messrs. Forbes and Darwin with all the dignity
of a theory, logically lde(uced from other and well-established facts, or reduce it to
the rank of t mere hypothesis, it still remains tlhe only plilosophicalc.planaltion
of these examples of widely-extended distribution along a given mlleridian.

1)r. Ilooker also directs attention to tile variety of glumacelic ill t1e Arctic
Alaskan flora: Of the 138 species of Arctic gllmuiacea only i4 areInatives of
west Arctic kAmerica."

I insert liere tile following letter from Mr. II. M. Illannister, who spent tlle
winter of 1865-'66 at Fort St. Michaels, on Norton sound. It is to tile point
and explains itself:

'" 1 am sorry that I can givefrom personal observation so little information
concerningtile trees of Russian America. At St. Michlels there were no trees,
and tile only bushes which rose above the ground were stunted alders and wil-
lows. At tile (head of Nortonl sou0(1, however, a forest of spruce trees extends
nearly to tile coast, and occasional trees are seen 0on the immediate shore. Tliese
trees are usually fromI 20 to 45 feet high and not more than a foot in diameter.
"The drift logs which float ontieKlviechl)ak are sometimes iore than two feet

in thickness,though tlh most will not average over i oot or 16 inches. I think
it prolnlleo the largest trees do not grow wherethey will beIundermiined ,y tihe
river current.
"Mr. P'ease reported having seen trees nearly 80 or 00 feet hligh onl tie lower

Kvich pakl. From 1,000 to 1,500 feet of luniler was sawn at Fort St. Michaels
(during the winter 1 was there. It made very fair-looking planks and scantling.
I thinktile wood was softer and whiter than thatofttile Oregon pine.Tilhe
other trees noticed werel poplars and birch of' howl m lay kinds I cannot sy.
The birch is used by tlie natives for everything thiat requires a hlar(der alnd tougher
woodtillaltilesprll ce, i.c.,s;led-rull nners, boat-iframles, &c. 1 have never seen
birch there over eight inchesiin diameter."

In looking over the plants collected by Messrs. )Dall, Mcl)onald,anld Iollie,
at ort Yolko, I have been surprised to see how large: a numluer of them were
coimmnoil oil t(lie head-waters of tile Mackenzieaildl tlie I'elly. Whether Fort
Yotukonl

can e considered a point which in their wanderings riomil more southern
localities they might reach, I ami not prepared to say ; possibly thle waters of
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tile Pelly may have )borne them north, and that of thie Mackenzie done tile same
for its banks. Once established on the shores of the latter river a short transit
would again place them within reach of thle waters of tll Porcupine, and this
colld bear thel to and beyond Fort Youkon.
At tlih esam point some plants (few, indeed) have been found tlat might more

naturally Ihave been expected to be conlfned' to the Arctic coast. I do not as yet
attempt any explanation of why this place should be a meeting-ground for some
few species of minre northern andmore southern plants.

In how far can our Alaskan possessions raise tlhe grains and vegetables suf-
ficient to support: n active lpo!plation ? Vague rumors have reached our ears of
this or that hardy vegetable'raised at Fort St. Michael or Yloulkon and after-
wards gracing tihe tallies there. Such gardening coImes more under tle head of
possibilities thal of daily support. I think we cannot say more yet than tlat
barley and oats will grow at Sitka, and just possibly at Kodiak. Potatoes,
radishes, cabbages, eCaalitlow\ers peas, onions, carrots, and turnips may be de-
pended upon as fi'l north as Kodiakl, with greater or less certainty. Tlhe timber
of Alaska is certainly aliable, land much needed on the Pacific coast.
Among the grasses enumerated in our list will be found a number of value as

forage ptllts. llhe forests once cleared it is certain some of the hardier grasses
can be raised, and in considerable quantity. Dr. Kellogg, in his report on tile
botany of tlim country, ilnforms us that no (Philcumpratense) timothy Iloulrishes.
As lie Ihas not stated in what part, we may perhapss supp)OSC lelmetlint at Sitka,
or, possibly, even Kodiak. Several species of bromus are found in various l)arts
of Alaska, andamong them may l)e found perhaps a forage tlltt can be used as
a dernier resort. Ioa annual, or annual spear,-g.rass, grows at Sitka, and affords
an early andacceptablloe pasture ; tle moist climate of Sitka would, doubtless,
suit it well. Ti'e Kentucky blue-grass (Poapratcnlsis) is found as 1t'r north as
Outlalatsll a and Kotzebue sound; tile well-known har(dihood of this grass and
tile ieadliness witll which it is eaten by cattle give it a value. The wood meadlow-
grass (l'PoJa mor(lis) also flourishes a5t Kotzelmue sound, and we\m11m suppose
would also at more southern stations; it flurnishes good, nutritive food, of which
cattle are very'oilnl. alterr sleau'-glass ( Glycerie aqualic) lhas ,bee sent us fro
Sitka, and it' cut early Ilmakes a hay well relished by cattle. Blue joint-grass
(C'lamulqrostis C(tnudensis) grows as fair nortlh ts Kotzelle solllld, and mIay be
fairly considered a valuable grass. Its yield is often enormous; 1 have seen it
grrowiing three feet high, and covering tihe open grounds there to tlie exclusion
of everything else; its luxuriance was perfectly astonishing. )oubtless :soreo
of the sedges and rushes (Junci) could be made available in times of scarcity.

I have enlmelrated within the limits of Alaska 732 species of plants, iclmud-
ing the cryltoganmia; of these 560 species iare pluenogains, which represent 57
orders. )1' exog'(o'lS there are 419 species; of eln(logens, 141 sp(ecie''s.

Without going into minute proplortionls I find tihe following table gives the
relative development of each of thle important orders iln Clll)llarisol with the
entire l)lenogu:mllic flora:

Order. GeIns.

Coiposite ....................... 1-10
Gramii ........ .......... . -11
Cyperalcee . ....... ...... 1-14 Carox............................ 32
Cruifr ................... 1-17
Saxifragacere... ................. 1-17 axifrga .......................... 24
Ericace............. ...... 1-17 Vraecinium ... ...: ............. 9
losacere ......................... 1-19
lnialeumuhece».................... 1-20
-Scmophnllnariatcc .* ..i...1 P............-. 101-2'2 , , . . . . . . . ,

( el'ollluc........................ v
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Order. Guus.

Caryophyllaceo .................. 1-28
Salicaee. ....................... 1-32 Salix ..... ................ ... 17
CGentiauacec .................... 1-40 Geutiana . ............. .... JO
Orchidacee .... ................... 1-40
Juicacnca ........................ 1-43 Juncus. ................... .. 8
Iegiuminos.e . ................ 1-43
Onutgracew ...................... 1-47
Polygonace ..................... 1-70
Conitere .......... ....... 1-70
UImbellifermn . ............... 1-80
Primulace. ...... ................ 1-80
Borraginace..... ................. 1-80
Liliacete . ....................... 1-80
Betulacem ........................ 1-93
Grossulacem . ............ ...... 1-140
Caprifoliacew. .................. 1-140
Rubiaceo ......................... 1-140
Labiata ......................... 1-187

The area of Alaska, as comlputed by the United States Coast Survey, is 570.000
square miles, including tlo island. Chester county, of tlio State of l'ennsylvania,
Ihas llbt 738 square miles, yet it has just about double tlhe number of indigrenous1lowering plants that Alaskalnas. This, however, only implies poverty of
Specific forms and not necessarily of floral; for we find Alaska covered during
its short sutmner with .a luxuriant th of ettgrowthofegetati t ot fo diver.fie
a character as that of more favored regions.
The proportion of ferns is quite large iln Alaska. Tlis is accounted for, dolubt-

less, by tile saturated condition of tile atmosphere, combined with tlhe dIeep shade
of its more southern forests.

I would here gratefully acknowledge tile assistance I have received in pre-
laring this paper froml Professor Gray anl Dr. George Thurber. To -Messrs.
James and lannl my thanks are also due; their names appear over their respective
('c0mm1un11 cations. lMessrs. Bannister, Dall, and Bischofl' have eachl added to tlIe
plants hitherto known from Norton sound, Sitka, and tihe Youkon River district.

I have depended chiefly on tlle following works: Flora, of North America,vols. 1 andt 2, Torrey an Gry ; Ilooker's Flora oreali lAmlericanal; 1(e(leIlbour
Flora Rossica; Bongalrd's Vegetation of Sitka; HIooker and Arnott's Botany of
B]eeclcch's Voage; 8eelmann's Iteport oni tle Botany of tle Vovage of tile Her-
ahld; l. 1). lHooker on tlme Distribultionl of Arctic Plants; and D)r. Iy'all's Report
olm the B3otany of Northwestern North America. In tlhe llmain I have adoptedtile order of alrra:ngementl and tlie nomenclatmlre of tll,'Flora of Rlossica. When l
the completejlhra of Alaska is to be published it will be early enough to ceaso
following a guide so sattisfactory ais Ledelbou) is, on the whole. IIHowever, wlhe
a manifest improvement has been suggested by later authorities I have not hesi-
tated to adopt it.

It is hardly necessary to remark that, irrespective of fiurthler discoveries, the
varied views of diflereit iathorities as to what constitutes a speci s, Il;iglt sen-
silly atfle'ct time absolute number rccorlded in this list. So far as tie plan u1mipowhich it is f'ormedl atlforded thle oplportullity, I have adopted tlle wider view of
species as best according with modern ph)lilosophlic botanical teachlingl and as
by far the least likely to involve absolute error.
The field which is lero merely outlined will offer a rich harvest tol tle botanist

vwho call devote to thie subject the time it demands for thorougtllly scientific treat-
Iment. Thie proximity of tlhe two continents and their islands would lied us to
think Alaska might prove a good ground for clearingull) some doul;btful points
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concerning the migrations of plants. 'The well known tendency o(f Arctic plants
to varv almost indefinitely mtakcs tile subject important to the botanists inter-
ested in settling that vexed question, what is a species and what its formula.

RANUNCULACE2E.

Thalictrlln allpinni, L., IKotzeuce sound, and Port Clarence.
Anemone alplina, L., Kotzebue sound.
A. patens, L.; Fort Youkon, Antoine IHoule.
A. parviflora, Mictix., Kotzebue sound.
A. Richardsoni, Iook., Island of Ounalashka, Kotzebue sound; Youkon river,

Dall.
A. narcissiflora, L, is the A. multifida of Hooker and Arnott in Bot. Beechey;

fide Seemiann in Bot. Ierald, from Kotzebue sound to Cape Lisburne, and
between Point Barrow and Mackenzie river; island of Ounalashka.

IIepatica triloba, Chaix, Sitka.
IRanmllculus Pallasii, Schlecht., Kotzebue sound.
IR. hyperboreiis, Rottb., Norton sound to Wainwright inlet.
It. Purshii, Richards., Kotzebue sound.
It,, Laplonicus, L., Kotzebue sounl.
It. pygmPis, Wahll., .Kotzelmo sound.
R. nivalis, It. Br., Kotzebue sound.
R. Eschlsclioltzii, Schllecht., Kotzelmuo sound to Cape Lisburne.
It. occidentalis, Nutt., (R. recurvatus, Bongard in Vegetation of Sitka, but

not of Poir.,) Sitka.
Caltlla palustris, L, var. nsarifolia, Ounalashka.
C. leptosepala, 1D,., Sitka.
(Still a third species, C. arctica, ft. Br., may yet he added, as it las been found

on Richard's island, in the mouth of the Mackenzie river.)
Coptis inlolia, Salisb., Sitka.
C. asplenifolia, Salidb)., Sitka.
Aquilegia fornosa, Fsiscl., A. Canadensis, Bong. I. c., Sitka.
l)elphiniuim Metziesii, DC., Kotzehle sound to Cape Lisburne.
Aconitum Napellus, L., var. delphinifolium, Sitka, Kotzebue sound, Chamisso

island, Norton sound, and between Point Barrow and Mackenzie river.

NYMPII'ECEAg.

Nuphar luteum, Smitl, Sitka.

PAI'AVERACEB.

Papaver alpinmn, L.; P. nudicaule, Norton sound,1.II. .Bannister; Kotzebue
sound, and from Point Barrow to Mackenzie rivce'.

PUMlARIA CE:E.

Corydalis pauciflora, Pers., Norton sound, II. M. Bannister, Island of St.
Lawrence, Bot. Herald.

C. glaucaPursh. Point Barrow to Mackenzie river, Captain Pullon.

CRUCIFER^E.

IBararea vuilgaris, t. Br., Sitka and Norton sound.
Arabis hirsuta, Scop., Sitka and Onnalashka.
A. ambigua, DC., Sitka and Onunalashka.
Nasturtium paliutro, 1)., Eschscholtz bay, Ounalashka; and Youkon river,

Dall.
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Cardamine Lenensis, Andre, Island of St. Lawrence, Olnalashka and Sitka;

vidkl Ledeliour, l'lora Rossica.
0. pratensis, I., Kotzel)uo sound, and between ]Point Barrow and M)lackenzie

river; Norton sound, I-I .MBa3nnister.
0. birsuta, L., Olnalasllka ald Sitka.
C. purpuren, Chain., Kotzebuo sound, Wainwrighlt inlet, and Island of Oinn-

lashka.
0. digitata, Richards., (possibly only a formn of C. pratelsis; fide J. I). Hooker

in "Outlines of the 'Distribltion of Arctic Phlants,") Wainwright inlet, between
Point Barrow andl Mackenzie river; Island of St. Lawrence.
Alyssum hIyperloreinl, L.-A doubtful native of North America. Ledel)olr

in Fllora Ros;ica simply tell ss (on tle authority of Steller and Krasch) that it
is "in ora occidentali Americre b)oreliss."

'Parrya macrocarln, It. 13r., Kotzelue sound, Ca(po Lislurne, between Point
Barrow and Mackenzie river, and Island of St. Lawrence.

I)rala algida, DC., Island of St. Lawrence.
1). alplina, L, Kotzellbe sound.
1). glaciali, Adams, Cape Lisburne c,Assistance bay, and Garry island.
D. stellata, Jacq., var. hlebecarpa, Kotzebicl soullnd, Ounalasllka; and fide

Ledebour Flora Rossica in Island of St. Lawrence.
D. hirta, L., Kotzebue sound.
I). incana, L., Garry, St. Lawrence, and Ounliashlka islands.
1). gracilis, Ledeb., Ounalasika.
I). b1orealis, 1)C., islands of Ounalashka and St. Lawrence. Perhaps only a

leafy foirm of 1). incana, according to J. 1). Hooker.
1). Ilnalaschlkiana, )C., 'a var. D. borealis?" Ledebour, op. citat., Onna-

lasllka.
1). stenoloba, Ledeb., Island of Ounalaslika.
1). inuricella, Walil.; D. nivalis, Liljehl., Wainwright inlet.
1). grandis, Langsdornff in 1)C., Systema, vol. ii, 1. 355; var. siliquosa, Cocll-

learia granlldifHora, DC., Systema, vol. ii, ). 368; Cochlearia spathulata,
Sclllecht. See 'Torrey and Gray, Flora of North America, vol. i, p. 110.
D)ralba grandis is figured in Del. Icon., 2, tab. 47. One specimen differs from
lie figure mainly in having longer and less turgid po(ds, and the leaves being
rather more entire; but it is witlhot doubt the same plant. A foot-note in Lin-
Inea, vol. ii, p. 27, throws 11much light on its otherwise rather complicated synon-
omny. This llant llad nt been found in Sitka previous to its recent discovery
there by Mr. lBischoff, the nearest known ali)roach hitherto being Ounalasllka.

Cochlearia fenestrata, R. Bi'., Norton sound to Point Barrow and Assistance
bay.

0. oblongifolia, DC., Sitka, Kotzebue sound(, Wainwright inlet, and bletwccn
l'oint Barrow and Mackenzie river; also found at Norton sound )by Mr. Ban-
nister.

C. Anglica, L., Kotzebuo sound and Assistance bay.
Tetrapoma p)yriformle, Scemann, tal). 2, Botany of Voyage of the Ierall. Col-

lected both in the voyage of tle IIeraldl and later by Mr. Bannister at Flort St.
Michaels, at Norton somnId. Seematn regards it as introduced from Asia byv the
Russians. lo is probably correct, as it has not been found elsewhere ill North
Amlerica.

liesperis Pallasii,'. and G., Kotzebuo sound and Cape Lisburne.
Sisymnibrium Sophia, L., var. sophioides, Kotzebuo sound, andbetween Point

Barrow and Mackenzie river.
E]rysilmumn lanceolatum, R. Br.; Arctio coast, P'ullen.
Eutrcma Edwardsii, t. Br., island of St. Lawrence.
Aphragmnus Eschscholtzianus, Aidrz.,Onnalashkla.
ltutchinsia calycina, D)esv., Kotzcbuo sound and Cape Kruzenstcrn
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VIOLACEE.

Viol hbiflora, L., var. Sitchensis, Regel; V. Clanadensis, in Bongard's Vegeta-
tion of Sitka, where it is also cited as V. Scorebei D)ougl. TheI Sithan Iplait
is certainly very variable; one form is without doubt V. glabella, Nutt ; yet
after carefully comparing a full suite of specimens I think Regel has correctly
assigned it to V. biflora, L.

V. bland, ?, Kotzebue sound; Botany Beechey's Voyage.
V. Langsdorflii, Fisch.; Kodiak and Otnalasllka, Kellogg.

DROSERACEJ..

Droscra rotundifolia, L., Sitka.
Parnassia palustris, L.; Norton sound,1.H 1.M. Bannister; Fort Youkou, W.

II. Iall.
P. Kotzebuci, Chain. ; Port Clarence to Cape Lisburne, Bot. Herald.

CARIYOPIL YLLACE(l.

Dianthls repens, Willd., Norton sound, Kotzebue sound, Cape Lislurne, and
Youkon River banks.

Silene acaulis, I., Kotzebuc sold, Cape Lislurne, and between Point Bar-
row andMalckenzie river.
Melandlryum apetathnll , Fe,el, Kotzbue sound and on the northern coast;

noted by Seeilnan as being quite com() on throughout westernE1squiattilux land.
Spergula saginoides, 1., Sitka, Outhalashlka, and Kotzebuo sound.
S. rul ra,aT. and G(., Sitka.
S. arvensis, L.; Sitka, Ferd. Bischoff.
Arenaria verna, 1L., (var. hlirta,) along the western shore of northern Alaska.
A. arctica, Fenzl, Kotzebue sound to Cape Lisburne.
A. nmacrocarpa, Fenil, island of St. Lawrence and northwest coast.
I onkeneya peploides, Er,northern shores.
II. peploides, var. olongilfolia, Sitka and Kotzebue sound.
Merkia phlysodes, Fiscl., Norton sound to loint Barrow.
Moehringia latcrillora, Fenzl, Sitka and Ounalashka; Fort Youkon, Rev. [M.

C. Donald.
Stellaria media, Smitli, Sitka andl Ounalashka.
S. borealis, Bigelow, Sitka and Otnalasltika.
S. borealis, var. crispa, Sitla and Ounalashka.
S. crassifolia, Ehr.; Sitka, Mertens.
S. llllllifusa, lottll., Sitlka; Norto,n sond; NII. It. Bannister, KotzebueC sound.
S. longilolia, Muhl., Sitka and KotzeOlue sound.
S. llngipes, Goldie; Kotzee soullnd alnd Youikon river, W. II. )all.
Cerastillll vullgatmiin, L.; (J. all)inml inl Bo(mgard's Vegetation of Sitka.
C. vulgatlli,1l..; var. granditlorllum, Ledeb., in l'lora Rosmica; Norton sound,

II ..Bannister.
C. vulglatull, L., var. 13eh1rinlgianmi, Ledelb., Flora Rossica ; Kotzelue sound

to Cape Lisburne.
I am quite liable to separate lby clear lines tlic Inumilerless forms of 0. vu;l-

gaturt. Almost iImpossible extremes graduate into each other.

LINACEE.

Lilumn percnne, L.; Fort Youkon, Aitoine IIoule.

G(;ISA NI A CIE.

Geranium eriantlimn, D)., Sitka and Ounalashka.
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LEGUMIINOSE.

Lupiniis perennis, L., Kotzeblto sound.
L. Nootkatclesis, Donn, Ounalashka; Fort Youkon, Antoine oIIule.
Trifoloium repens, L., Sitkla; fide Dr. A. Kellogg, inl manuscript report.
Astragalus frigidus, r, l igids,y, hac iis, L., Kotzebue sound.
A. alplinuls, L., Kotzebue sound to Point Barrow; and Fort Youkon, W. II.

)all.
A. polaris, Benth.; rediscovered by Seeannnn at Esclischoltz bay, in Kotze-

bue sound, during tho voyage of the Herald. See Hooker, J. I)D., o Distribu-
tion of Arctic Plants.

A. 1hypoglottis, L.; Point BaInow and eastward, Pullen; Fort Youkon, W. n.
Dall.

Oxytropis cainpestris, D. C., including 0. borealis, DO., Kotzebue sound.
O. Uralensis, L., Kotzcbuo sound and west coast of Alaska.
Vicia gigantea, Hook., V. Americana, lMuhl.; Sitka, Kellogg; Arctic coast,

Pullen.
Latlhyrus lariHlius, Bigol., Sitka and western coast of Alaska.
tedysarumn boreale, Nutt, Kotze1)1u sound1 and Cape Lisbulrl.

II. .lackenzii, Iicllards., Youkon river, 50 miles west of Fort Youkon; sweet-
ish root, caten by theo Indians.

ROSACEzE.

Slpirala ectulifolia, Pall., Kotzebuo sound.
S. Arnmcuse, L., Sitka.
S. salicifolia, L.; Point Barrow to Mackenzic river, Pullen.
S. petinatta,T. and G., Sitka and about Bclring's strait.
1)ryas )octopetala, L., Kot'zelue sound to Port Olarenl'e and l)orthern shore.

I (canno'11 do otherwise than unite 1). intogrifolia, Val., with this species; J. 1).
IIooker as already doneo so in his paper above quoted.

(e; iini:crophyllunm, ''iUl., Sitka and Ounalashka.
(1. calthilolimun, Smithl, Ounalashkla and Sitka.
C . 'laciale, Adams, Cape Lisburne anld KotwzcluIe sound; nlso found on

Inortlhern sl.hore west of MaIckenzie river.
(-. lto.sii, Serillng, Ounualashlka.
Sanmisoribla Canadeinsis, L., banks of Buckland river, Ounalaslhik, Sitka,

Fort Youkon, and Youkon River banks.
Sibaldia procumnlens, L.,L, Ounalashka.
'Potentilla Norvegica, L.; Sitka iand 1Point Barrow to Mackenzie river, Pullen.
P. Penns'lvanlica I.,L Kot(zeulle sound.

'. Ancina, L; Sit,tKotzebue sound, Point narrow, northern coast, Fort
Yto,,on;, ilr. Dall.

]). mian)a, Lehu1m., Kotzeblo sound.
1'. emlarlinata, I'u1sl, ]otzebue sound, and between Point Barrow andlMac-

kenzie river.
P. nivea, L., Kotzebuo sound and coast west of Cape Bathurst; fide Botany

of the Heralld.
J'. villosa, Pall., Kotzeblo sound,Olnalashka, and Sitka.
'). lillora, ,liun., Kotzebuo sound and Capel iisllrlne.
P. fruticosa, L., Kotzebuo sound and banks of luckland river.
1.. Iplustris, Scop., Sitka and island of St. Lawrence.
/Rulus s.pectalilis, Pur'sh, Sitka, Kodiak, and Cape St. Elias.

It. iarcticuIs, l., Kotzeln)II sound.
It. pcdatus, Smith, Sitka.
1. (Clhantmainrus, L, Sitka and northern and western coast of Alaska,
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R. Nutkanus, IMoq.; Sitka, Ferd. Bischoff.
Rosa cinlnaonloea, L.; Point B1arrow to Mackenzie river, Pullen; Fort Yonkon,

Dall.
Pyrus rivularis, Dougl., Sitka.
P. Falmbul.folia, Clain. and Schlecht., Sitka.

ONAGRACMIE.

Epilobinm angustifoliuin, L., Sitka, Ounalaslika, northern and western shores
of Alaska, Fort Youkon, and banks of Youkon river.

E. latifolinin, L., Norton sound to Point Barrow, Sitka, and Ounalashka.
E. luteurn, Pnrsh., Sitka and Ounalaslika.
E. palustre, L., Kotzebue sound; fide Lcdebour, in Flora Rossica.
E. tetragonum, L., given as a native of this region.
E. roseumn, Schreb., Sitka.
E. alpinuii, L., Sitka.
E. afline, Bongard, Sitka.
Circea alpine, L., Sitka.
Hippuris vulgaris, L., Sitka and Bay of Good Hopo.
II. monitana, Ledeb., Ounalaslika.
II. InIritima, Icllen., Kotzebue sound and delta of river Buckland.

PORTULACACEXE.

Claytonia 'Virginica, IL., lotzel)e sound.
C. sarlmetosa,0C. A. Meyer, Cape Lisburne and Kotzebue sound.
C. flagellaris, Bong., Sitka.
(. Sibirica, 1 ., Sitka and Cape St. Elias.
C. Clhalissonis, Esehscholtz, (C. aqualtica, Nutt, in Flora North America,

Torrey land Gray; ide Ledelbour ) Onnalaslika.
Monlitia l'ontana:, L., Sitka, Ounalaslika,INorton. sound, and Kotzebue sound.

CRASSULACE-E.

Sedum Rhodiola, )9C.,Norton and Kotzebue sounds.

GROSSULACE'E.

Ribles rul)ruin, L., Port Clarence and Kotzebue sound; Youkon river, Dall
lR. llIudSmoliamiiliui, Richards.; Yolikon river, I)Dall.
It. laxilloriiim,Pl1'sh, Cape St. Elias and Sitka.

tl. bracteosilll, I)ongl., Sitka.
lt. lacustre, Purshl; Point lBarrow to Mackenzie river, Pullen.

SAX F It AGACEIE.

Saxifraga oppositifol;a, IL., Omlnalaslha, Cape Lisl)urne, Kotzebue sound, and
northern coast.

S. bronchialisii, L., Kotzele sound, Wainwrilght inlet, and Onualashka.
S. nitida, Scllhreb., Oiiualashka; .fide LedeboI)r, Flora Rossica.
S. Escllscllltzii, Sternll., ('alpe Lisl)rne and Kl(otzelbu sound.
S. lngellaris, W'illdl., Cape Lismlmrn, Kotzclue sound, tand Assistance bay.
S. I1iricilis, L., Norton soriid to Point Barrow, and on northern coast.
S tricutspidata, Retz, Kotzebue somld and O(ilashlkal Fort Youkon, Mr.

Dall.
S. serlpllifolia, Purshi., Cape Lisburlne, Ounalashka, andl Is1land of St. Law-

reice.
S. leucalltlimifolifa, lap., (S. stellaris, L., var. Brunnoiana, Bongard, Veg.

Sitka,) Sitka and Cape Prince of Wales.
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S. Davluica, Pall., (Seemann lias united with this species S. flabellifolia, and

apparently on good grounds,) Cape Jislburne Kotzeb)uo sound and Otlalashlka.
S. nivalis. L., Ounalashka, Cape Lisburne, and other stations on the coast.
S. cernlua, L, Point Barrow to Mackenzio river, Pullen.
S. hieracifolia, W. and K. island o' St. Lawrence and Kotzebue somud.
S. Nelsoniana, Don, (not of IIookcr and Arnott, in botany orf Beechey's Voy-

age,) Norton sound,111 . M. Bannister.
S. .spicata, Don, Sledge island and Cape Prince of Wales.
S. )punctta, L., S. wstivalis, Fischer, Sitka, Ounalashka, and Kotzebue

sou111d.
S. arguta, Don, "northwest coast." VWere?
S. nudicaulis, Don, between Norton and Kotzebuc sounds; fide Ledebour,

Fl. Ross.
S. hletertealera, Hooker; S. Mertensiana, Bong., Veg., Sitka; fide Lede-

bour, S. estivalis, varn. T. and G, Sitka.
S. exilis, Steph., bays of Schischinarefi and Eschscholtz; most likely, as sug-

gested by J. 1). Hooker, only a weedy state of S. cernua, L.
S. Sibirica, L., Kotzebue sound.
S. rivularis, L., Kotzebito sound.
S. caspitosn, 1.., Kotzebule sound.
S. exarata, Vill., Oualaslka, anrd Kotzcbue sound.
S. silcniflora, Strnb., IKotzebue sound, and Ounalaslika.
S. androsacea, L., is hardly likely to be identical with the plant said by

Pursh to inhliabit tle nlorthlwest coast; I do not therefore include it in this list.
Ioykinia Riclardsonii, Saxifraga lIichardsonii, Hook.; S. Nelsoniana, Iook.

and Arnott, in Botany of B3eechey's Voyage, tab. 29.
Leptarrhcna pyrifolia, It. 3r., OunalashlLkaLand Cape Prince of Wales?
CIhrysospleniuit alternifolimi, L., Kotze)bue sound to Cape Lisburne.
Tellima grandiflora, DoIul., Sitka and the islands adjacent the coast.
Triarella, trifoliata, L., Sitka and Al'atkan coast.
Heuclhera glabra, Willd.; HI. divaricata, Fisch., Sitka.

'UMBELLIFEI'E.

Bilplelrum ranunculoides, L., Port Clarence to Cape Lishurne; Norton
sound, Il. AM. Bannister.
Ligusticumn Scoticum, L., Sitka, Kodiak, Kotzebeo sound, and Norton sound.
Colioselinumll Fisclheri, Wilni. and Gral., Sitka, Ounallashllka lKotzelue s1ondl,

and Arctic coast.
IHeracleml lanatum, Miclhx., Sitka.
Osmlorrhizia nuda, Torr.; 0. brevistylus, Bongard, Vegetation of Sitka, Ouna-

lashka, and Sitka.
Archangelica officials,H1offin., Ounalashlka anld Iotzebuo sound; Sitka,

Kellogg.
A. GInelini, DO., Sitka, Olnalashlka, and Kotzebuo.

AltALIACl-'E.

Panax horridum, Smitll, Sitka and Kodiak.
Adoxa Moschatellina, L., Russian America, fide Ledebour; what part

CORNACEAX.

Cornus Succica, L., common on western coast of Alaska.
C. Unalaschkensis, Ledebour, Olnalashka.
C. Canadensis, L., Sitka.
C. stolonifera, Miclix.; Fort Youkon, Dall.
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CAPRIFOLIACEZE.

Sambucus pubcns, Miclix., Sitka.
Viburnlul aceritlinm, L.; Fort Youkon, I)all.
V. p)aciflorilil Pylaio; V. accrifolium, Bongard's Veg. Sitka. The stilpuli-

form appendages appear to b)o the only constant difference between tlese two
species in miy specimens. They are q(itce variable in length of stalens and
sllape of corolla.

Lilinna borcalis, Gronov., Norton and Kotzebue sounds, and Sitka and Ouna-
lashka.

RUJBIACE.E,

Galiumn trifiduml,T , ,Ounalashka and Sitka.
G. borealc, L.; G. rubioides, Hook. and Arnott, 3ot. Beechey, fide Seemann,

Kotzebue sound, River Buckland, Fort Youkon, and banks of the Youkon river.
G. triflorum, M1iclix., Sitka and Ounalashka.
G. aparine, I., Sitka and Ounalashka.

VALERIAXACEIE.

Vatleriana dioirca, L., Norton sound.
V. capitata, Willd., Kotzobuo sound to Cape Lisburno, Sitka; Point Barrow

to Mackenzie river, lPullin.
COMPOSTTIE.

Nardosmia frigid, Iook., includes N. corymbosa, Iook.; Ounalashlka Nor-
ton sound, and the northern coast, Pullen.

Aster nmiltiilolrs, Ait. Perhaps we may include under this A. ramulosis,
Lindl., and A. fialcatus, Lindl. If tllis l)e done, we have one pollymorphic
species, ranging from (eorgiat to Point lBarrow and Mackenzie river, and from
Massachusetts totot IlRcky mountains, northern coast, Pullen.

A. )prregrins, I lirsh, (tlnlalashka and Norfolk sound.
A. loliaceus, Lindl.; Omunalashlka, Fischer.
A. s.lsuginsils, ichard(s., Sitka, Ounalaska, and Kotzlebue sound.
A. alpinus, L., Ounalaslika, 2,000 feet above the sea, fide Kellogg.
A. Siliricit L. ; including, after J. 1). 1 looker and Fries, A. lnmotalls, Rich-

ards, and A. lichlardsonii, Spr.; Kotzebt)e sound, Ounalashlka, and Point BIarrow,
PIullen.

Elrigeron uniilorUm, L. Following Frie('s, I include under this species E. pul-
chehllum, 1)C., as a variety. There is unquestionably good ground for tihe union;
O()unalastlka and Clapo Lisburne.

E,. glabelluhi, Nutt, Wainwrigiht inlet to Mackenzie river; var. asperum, Fort
Youkonl, Dall., Rev. McD)onald, and Antoine Iloule.

Solid(ago Vilrga-aurca, L., Ounalaslika to Kotzeluo sound, Cape Lislurhe,
and on northern coast.; v'ar. nmultilradiata, Fort Youlkon, )all.

S. confertifloran, 1)G., Ounalashka and Cape Mulgrave; Kodliak, Dr. A. Kel-
lorgg.

Ptarmica borealis, I)C., Sitka.
1'. Sibirica, Olnatlashka and E1schscholt l)bay.
I'. scciost, BC. ; given by Ledebour on the authority of J .G. melin as

a native of this region.
Achillea Mlillelolium, L., Norton sound, Ounalashka, Sitka, and Fort Youkon.
Leucanthemnui integrililium 1)0., Kotzellue somd, island of St. Lawrence,

and from Point Barrow to Mackenzie river, Pullen.
L. areticulim, 1)D., Norton sound to Washington inlet.
3Iatricaria discoidea, DC., Sitka and Ounalashlka.
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M. indorai L,.,Kotzclie sound. M. inodoa: var. eliulata was also 'clett'
both bIy anniister a1nd Seeminal:i at Norton sollil. 'I',is is not 0onlyv delstitutte 0f
:rays, ltit is also sto1ter, Iand m.,N as Mr. SeelIlan s sts, e etlitl, it)lospe-
cilic rank.

ITalacetiimn lKotzebtUns, Ie'ss., C:al' 1.spelnberlcg, /hh' lledebour ex E'svioIt:.
T. Ilinroncnsc, Nultt, Fort Yokionl, Dl)l.
.Arteisiablorealis , Pallas, Klotzeblle so11nd a1nd Air'(ctiC (co'ist, :111'1 wh\ t sce(,ns

to 1i( a variety with glolll(mc te, almost cap:Iitatel, inllltores(cMlc, fro'ti Sitka.
A vul garis, L. ; var. Tl'il(esi, l ort St. Michaels anld weste(lalndore1,(,1,, coasts.
A. gloillloerat, Ledtlb.? IKotzelOicsound.
A. anllrosacca, Scei,, lht. 1 erald, I:hl. 6; A. glomllrata of IIoolkrl nd

Arnott, Ilot. ;icccliy, l)it cnot ,fiCdl)elour, ide SeIemann. This, it is thought
Iv D)r. Hooker, lma prove ''an arctic tl'ted variety of some better known
1lant."

A. g'loblmria, Chain., OIalashlka and island of St. Lawrence.
A. arctica, Less., Cape Lish)nile and ]Point IHope), anld po)ssibl)y Sitkla.
A. Chllamnissonis, I3ess. Secinann states that tlloughl A. re('tica and A. ('iihaiis-

siOllis arle b)y solie authors Imited, tlhey lmay at onice e (distinguiisheld 1,' thlir
(liftl'er nt lh:l)its.
A. Alsintlhiml, L. livelyl by Ledebolur, (Flora Ilossica,) on tlhe anlthoritv

of .1.(. . (llielin, as a do(lbtl'l nativeto Russian Americ:l.
(n'iaphatliun sylvaticunmi, L., IRissian America', ji' .edetl)our ex J. (;.

Ginclin.
Antennaria alpii:na, (Gaert.; incluldimn A., mionoc(eplala, 1.)(.., K.otzel1w(e solmid,

island of' St. Lawrnc'e andOni0tlaslhlka.
A. dioica, Gatcrt., islands ajacenllt to the Americ'.icostI( Ledeboilr e' .I. ;..

(;m1lin.
A. mar:aritlcea, R1. B3r., Sitka, (Ferd. BischoiT.) land Oinalaslika.
Arni(caa:nillstilolia,,VallKotieb(,lz( .soI(oundand 'Fort Youikol, lDll.
A. Chiamiissonis, Less., O()nalashk'a.
A. ol)tlsi'olia, Less., O)illlashika.
A. Unnalasclkinsis, Loss., (O)Inlaslhla.
A. l:tilolia, lonm., Sitka.
Sicnecio reseSdilC( liil1s, I,'es., lCa)e ]isl)ll'Iine and Kotzlebue sotu)nd.
S. fiisid:s,l ,ss., Iotzclti soundll, Caji Ilsisllile and islanlid St. ,awrence.

S. lPsenl(lo-ar:nlica,(Less., Cof111mmo1n on western shore of1, Alalska; also on ('ha-
niisso ilanlld.

S. alrells( T.,iL.lortY ol:ton:, Anltoill Ilolle.
S. luellns, lichlarls, Kotzelbue so dl :ld(aJ:dCape of C,'"!I Hlope, Fort Y lukl,

Mr. D1)all.
S. palnstris, )DC., Norton soundl, Koltob)l s.1dl, Wa':twright inlet, and on

t1(ie nlorthell .sh1'ore.
S. HIookeri, '1'. anld (., Kotl.z'l liCe s11(nd.
Sallssll'rea alpina, l.., ltz('elnle sound. I here( includeSl . ,llmlticl(d, \\ i'cli

1'lilhl ;1o1111 on tlheItIliorthirnel sholi'e l'lrolli lPoinlIt Harrow to M.acke'l.zi(' river.
S.Siilttb,l dcel., lKottzebles(t ond, hot. Ic'rahl,talb.7,

'1'allraxacll Diens I'olis, )esf'., Kotl.tb'lmu' sO1111 t( ltilnt1llh,)i andlllnorthe'11
coast, (_)11111 lashik:a ; var. ceIratophorl'(lll, (Onaihslihka and Norton) sod11111,

'i'. palnsitre 1C.,lD.,Kottil-elsou;ndl.
1'. Ivratlil, 1)DC., )linallashlka.
lii::Iili1,,11 1 lch:lletlio.Nitt, Poinit IBarrow to MAackenzie river, P'ullen.

Nalialls alatils, looker,(o)one lish,l ka and Silkia.
Apatlgiilinm hboleale, '1. a:tnd G., itka.
liera:cinli triste Wildl., Ounalashka a:Hl Norfolkounllid.

,9) 8



450 SiKF.TClt OF THE FLORA OF ALASKA.

(A M 1'A NANU', A C E.K.

('CaImpallinula dasyvaut i, M. anlllic',lt.,(')uliialakl andt Cap'e Ir since of Wales.
('. ritlin(lillia, ]., C. Iict( rod,)d xa, V\ .st., Sitlka
C. Iuillora,L,., Ktzc!bleo,,lid, Cape lislmrne, and (O)unalashka.
(C. lasioearli, Chlinal., Kotz'/ele sonild anl Ounlashka.

.I ICA.CXE.+:.
Vaci iniutlm Vitis-Id.asn, L.., Onnal:ashka, St. Lawrence, Sitka ; from Norton

souiltd , I'oitit Blarrw atldll tim itortll(rn 'oast.
'. iivrltilloidc(l.. l ,ookl r; Sitka,Flc rd. liSclotfil

V. Mvllitillu:, I. ; Sitka, Ferd. .sc(holt'.
,.(ia:iti)soIis, lhung., Sitka anlt Oninalashlka.

' .t vali; hlimin , Snitlh; Sitka, Ferd. litsliofl'.
V. parvilfoliii,, Smith Sitka,it; ika, lrd. Bischioff.
V'. .licinlllnl Chluaii. and Sch'leclt., O(})lalshlka.
V. (caslitosinii, Miclix., Sitka.
V. uligi,,,osi, L,., Sitka, ()Tualasllka, Kotzebl' e soullnd, land tle northern coast.
()xyc(t.c':us vilglaris, hli'urls, Sitka, Oilmalashka, anlt Kotzele soiiiudl.
Arct)st:aphllllIs alJpiila, S)preng., ()tltalashika ; Nortonl soul tto lointt Barrow;

also ()II tle Arctic co(:st.
A. Cva-ursi, Spi'eng., Oinlhashka and Cape Plrince of Wales, Arctic coast,

Pullen.
iAndr(meda )poi)lia,L. , Sitka flnd lKotzebilc s)oud.
(Cas.s:iillra calvclat:',l), 1, KlWtzclnile s(i1d.
('lassioie lycoi)odioids, .l)oni, Ounalaslka.
C. tet'ragolia, )Do)i, Island of St. Lawrence, Kotzebuo sound to Point Barrow,

anlld (l tihe Arctic coast.
('. lMertcntsiana, )Don , Sitka.
(J. St(llerina, l,I(.. Sitlka.
Ph'llvlodoce I'allasiann, ion), Sitka and Ounalaslhka.
Mcizi(siai rrtlinai,lilii, Slithka, and Ounalashka.
Loi.)selelria l)rciulielns, l)D'sv., Cape Lisb)rnt and islands of Ounalashkla and

Cliat isso).
ltlhodlod)ledron ILapponic(titi, Wahl., Port Clarence.
It. 1laiIIttschttic,,InI, P'all., OUtnalashlia.
Kalmia g'latca, .Ait., Sitka.
Led(nin latifoiliuin, Ait., Sitka.
L. palilstre, L., No(rtot)sound to Point Barrow and northern coast. This and

tlhe preceding Species should probably be united.
CladothaI is p)yrohelllorus,lhol,, Sitka.
l vrola rotridlifilia, IJ.,()atalatshka) IKotzol)iio sound, and northern coast.
1). minor,I 1.,Ouilishka.
1P. sccnd(la, L., Sitka and Kotzel)o sound.
Moneses grandiflora, Salis.), Sitka.

JEN''I I U [.A CEAE.
Pingtuicula vulgaris, L., Sitka.
P. microccraH, Willd., O(mnalaslhka.
P1 macroccras, Cliam., Oinaltashlka.
P. villosa, L., islandsof Chamtisso and Oinalashka; also, Norton sound, IT.

M. Bannistor.
PRIMULACE.AT'

Primula, nivalis, Pall., islands of Ounalaslhik and St. Lawrence, and Kotzc-
bue sound.
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1). strict, Hornelml., after J. 1). ]ooker, 1. c., I in(ludo under tlJi.s sp)( ic.s
1'. Ilieic'nIinlill iala and 1'. Mista: sillicll, Iothl of C(. ' ll.aa. d ot Mic;il .,
Koitzcl,bue soiuil.
A lr,)saoe ClImila'jasm, oWilld., lKotzel1o solid to Wainwrighllt i;llet.
A. scpt'l tlitriolIlis, l., lcItzell, c soui4n1tl aidI lChamliss( island, I"Fot Yoikllkli,

A\nt)oiu'A litoile.
;\. villo..1a is stated b) Ledelbllr to have beetn found at Kotz(lmebi slll4d. ill

lcflch(y'c VXoyale. 1 se( no riecol ,of' it in 11f,,,kelr anll Ar;\l'l' list of !pl:l1ts
cllctnd( tlIc'l. Possiiblv it Imay b :i)l oversight ,i; I.(b(d bouir's )ir(t.

h);fhcratll l.l(M,:lliadi, I . Sitlia, Kotzl('lmi solls l, and ( 'a l' ishllnin. I '.il
jlull I() vali(l rl'() llls for kCclrinuitt tii '( listici'tioin ltlI cc nI ). .l ca ia. I.
i!t rlif; lilll, alIllid 1). fldri lilI . II lh Ilast i:s I)p)obablv t II( I s.t IIaIr d valir' .

',f tlic iilinlller; Illit,a:fitvr 1 (ca.lefill ('colpar;lisoll(, f th(' forml s, 'mil)lrisii!r tlhegIr(eIIs
I tliinI it safe(st to (regard thelil) as varieties ot a idely d(listriblited pol(y1-ll-
1)hi(' lSpecies.

(;laIx mnaritima, L., Sitka.
'T'rienltalis E;'ro)aa,la.,., itka, Norton somd(l; II. M5. B3ai)nister.

(;1:NT I A N k C .1.,

( elntiana Aimarella, L., Sitka.
(I. lta,' n ichix.,l () a lashka.
(1. teu{lha tl ol,; . ]otz(b})ule sollm l.
( .ldetolus, Irlir,; ]iint ]Balrow to Mackenzie river, Pilllni ; FortfYoX1on,

Antoine llolule.
(. io)inq(lua, lRichar(ls.; (1. 11tirickiana, Kotzeblue silun, l')rt Clarence, a1d(1

Nor'ton s ns111d,II. MI.3Bannister.
(I. Aletica, Chanl., ()nal:shka.
( . prostrata, IIellkce, O()nalaslika and KotzelUnc soLd.011
(i. gllanct, 'Pall., Kot(telbme sotunndlWainwiri'lit inlet.
(. l)latypltala, (riesl).; Sitka, Esclischoltz.
( . l)uglasi:anl, 13on1., Sitka.
IlenIrogynll rotate, GriCesb.,lKotzelmoe sound(1, river 1Bckland and Arctic

coast.
,wertia pereninis, L., Kodiak, )Dr. A. lKellogg,; S. perennis, L., var. olbtinis

Ko(liak, Dr. A. Kello)g.
Villarsia C'iista-galli, C(ri esl., Sitla.
Menyantheis trifoliata, L., Otnlashkla and1 Sitka.

IPOLEMOII'1AC0CL.I.

Phlox Siblirica, L., Kotzcl)e sound.
Jlolemoninmil cairnleum L, , Norton sound to Point 3Barroo, islands of St.

Georf.ge, Oni,()unalashkaand Caliaisso; FlortYoukon, Dall. I recognize but two
sl)ecie.s of this geClilIs belonging to northern North Almerica-the (lle, P. reptails,
L., which is well marked, andll the other 1). cemrileli, L, as made up of all the
others. Numerous as the forms and wide as tihe extremes of the latter aggregate
species arc, they can easily be connected. Even 1. ml(chelllin, Bunge, which
is perhaps tlo best marked variety, sha(les oif }y insensible gradations into the
others.

')iapensia Lapponica, L., island of St. Lawrence.

BORRAGI.NACEAE.

Mertensia maritima, Don, Sitka, Norton sound to PoinI'"Barrow and Cape
Balthurst.
M. paniculata, Don, M. pilosa, I)0.; Kotzethu sound; Fort Youkon, Antoino

lonile an(l Mr. 1)all.
M. Silbirica, Don; MI. denticulata, Don, Kotzebuo sound.
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Mvosotis svlvatica. I Itdl'iI., ('ape l.islirninc alI( Arctic c,oast.

El:'liispI) rlllll Itl'd,\ vskii, L.clll,.? l'ort I'civl,1tCv. McDna'l):l l .

l'rilr ic6liulllll 'illlllll , 1B1il4t'. I inclidhllee''(, after .l . 1). IH,, ker, 1. c., I'
1ict ii,4,sA\. i)('., whlichl Ifnt, is 1l'illd at CapeiI(':I.iliune Iand islandLo' .8. Law.
r/.ll,'c,'l'all . viii, Bhot. I I'rall.

E. lh-l-,'jil1l, .A\ lll. I ('.. )nllI:a:l.llka.
I1 Y I)'!:,ll'(l YII.Al..\('li:.E.

lt ,,,li)/.<»li;i I'nl al.lclikci'lSiS, ('hmlil., ( )uiualaslika.
R. ,itclh'llsis, ('chIlla . sitka.

S li l l 'I..V I .\A '.1I .

1)(li'tq'.iii(ll a'ltc'SciS-. I.:aili.. (i)IIlit.nasliklk . Nt 1;iind silence Pallals is s:ai
t, l:tav. li'-cvr, .ljit i ll\a:liaS('l::atl:t ::and i l I:'i(sla:I: l ,,f'{o I l:laslka.

.Mli,:::ll:c,sI:::,::f iiilr.s1 . i:taiI::s, I )('., ( -t'a i St. Eliias, ()uiih alaslik ,Inll liak,
:,:,ti SitlkaI.

\'. Am:'il a'i:a,:'LIIIlI::i\Iri it/Z,. Sitl ,.:,c1.Ic-l'.ll :l :i(fI'.
V . Ik'c(':tlll I ;I:t 1,., ( )llIII::I l;. il: a.

V.(ll.S el I'all., ( ,itllla;ilk, a.
V'. allina, I.., Sitk;: :atnl ( )tli:nl:a sllI:I.
\'. Scrplilliolia, I... Silka:Tiand Otnli):::lasl:ka.
(':isill('ja pallilal: I, I:itatli.1it.tyZnli soilnl, (li:niSS, islalln allnd Arcri

c('o .t ; "l'rrf \):lii1>ii, l)all. .1. 1). Hllolker:l'i:s iclicldedtl, an: d I think jistly,
11111el'l this species (C.Sclpt,'ltritln:lis, .iidll.l I'rfesso ( ray lhas also iite i
tlleili, ill tli( last (ilitii'n of liis Mantual (,' l )tallv ; also, ill his revisioin of tli.
g(ills, (s e'(' Aml. Jil.Sil' ci.. s('tco dil scritr , \ol. x xiX', 1). *1.)
p(.all:rvi :l,':tln-r, , .-;itika. " 'l'iis is al)pareu'tl tilt (unimosll:st sp'cisnildI

of widest ral',l!( west ot tlit ltlckv mlioullta:illn, e'xtcili i'mroil l{lnssian Alitiri':a
to,so)tleli'rn ( 'lirill:ia.-(,ray. 1. ('.

llhina:1ntliins ('rist:a-ga:lli, 1,., ( )ii:al:a.lik;a.
!P'c:licnlaris ve'rticillata, 1.., Sitka a:11(l tile isl:ailAt generally; also, Klot('.lzbl()

FO1111(1[.
1). C ll!lia ssolliS, le'tV., )111a!It Slllil a.
1). )'di(cellata:, Blliie', 1).I tas:lvai i,,rinVi '\'. Sitki, o11011-M. A. Bieb. itle

lcdcl». Fl'. ltossica, Sitka.
1'. slmllnudal, lhqtll., .Sitl;ka, Btarchty.
l'. palulstlris, LJ., Arctic Amri(a, at lBa'y of Good Hope,licL.edbol)il ill l.

1oss.

'. ('ul)lrl.lasioides, StCeli., No'toni and Kotzelbue sounds; islands of (Clla.llisso
an1d o,,dliak.

1I. Sudetica. L., Capo Lisluiirnl(, Kotzel)uc ounld, Arctic coast alnd island of
St. Lawrence. Jl..1. looker Slg'ests. lillitilg with thlis 1'. I:anlsd(lortlii. ()On
lis authlorit I admit tlic redic(ltioni.

1'. liirsllta, 1., including here P. ln}:ta, Willd., as done l)y ]Benthamn, fide .1.
1). Il hooker; islands otr St. Geolrge and St. Lawrence, Kotzeolio sound anl Arctic
coast.

I'. yersieolor, Wahlile)., Kootze1)lie sound and island of St. .awrence.
)1. Clpitlata, Adam(.i, Kotzel)u sound, Arctic coast and Otinalashka.

OIIOA N C I AC1E'-,.

13,sclmnialia glabra, C. A. M[eyer' Sitka and Kotzebl)o sound.

SELA I(; ACEI.

I{yml:iiadra. Cnllini, (ha.ie' t Schliechit., Ounalashka St. Lawrence island t
UG. Stelleri, Chain. et Sclileclit., Kotzebute sound, island of St. Lawrenco?
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D)raoceph'l1:ll lmplav , .,itlor1 .Yikll,t Antoinie lIile.
I rilll:l villgraris, 1., Sitka aml Oi()nialaslhk:a.
(;:illI.psis ettiahlit, Skilk, KellofrI. I ntrodived, limst likely. It is, however,

t;l.lioI ill l.Kaitsct(ll:tlka:l, h!)t liIt blei InIknowvl to exist elsewliL, bt ween tll.t

;l Ls'l'' llcieS .
t f )illtlitswC Ia hiarly, aei lit 14)1l ik;s rIesellt ill iS I1itkai sytll IIv :titalll

lI'M I A(,.INA. E..

'Statice Ariin'ria,l,., )unalashka:, iotzelueioiin, andl northern coast.

'LANTA G I NA CI;.

I'. Ilmcr'('ocall, (l. tSchllhClIt., SiLka anil ()nn:ashka.
I'. i: aritii:ln , I., Sitka:tinl ()iltial;aslikl.
1'. Iedia, 1., R iissian A\nieric:a, Jid:.(. (' ellin.W. hat part ?

1) LY.(;o N At n.l.

(OyXria i-'liiformlli, lHook., islal,4ls olfSitka, ()uIiallashlik and St. LawrenceII(
Kt.zllilIseond. Ca('pl)e lislnn anlld Arctic coast.
Kllnx s-:llicifiOlills, \Vilnll.1,"sitka.
I'. \Acctlts:ul. ,l.,, tztel),leseolitd.
It. llolmcstihs, iI artil., Sitka, 1Ounalasli ka, and lKotzeln, sound to WaV:til-

\\i,'irlr inlet.
I',,ol )II,,nI I i.-ilsortl, IL., I.Kotzteblol soilnll to l',oint la'rrow and lnolrtlllher

, ,: 'st.
I'. vivip)arUlin, L., Sitka, Ounalatslika, and along the coast generally.
1'.iilyvinorjilliii, Ledebl., var. all:atlifolilll, LJe.lel)., K.otzcb'iuc soniil. 1'.

all iiiisn, look. et Arnott i ll 1celey's voyage, fide Ledebohtl,KGot'.cbne soild.,
I' l'es.sor (:rav iinformis imle that ione of lthed(oulbtflul lifoms I have' sent lllimi
fiujn,,Mr. D)all's Fort Yolikon collection is exactly '. alp)inlumI aslfIinld at iKoltzc-
I,iCe sol(1ld. I have, however, some older f''lit, and aill led to think it mlj:v
yet prove P. tripltero(arpuliln, ('ray. It lhas tlie exserteIl Iroad!ly winged aclic-
ilmin. Th'lue lower leaves, however, are lnot sso reduced as ill 1'. lil)t(riptercalJrilu ,

hlle (description of which I applend iln a foot-note. I h:tav, however, t.oinl
older fruiit of it than lie had , alid aml lted ,to ink it miay yet lirove 1'. triplterlo-
carlpiL.-Gray.(' t'loThe descroption of' whicli I insert below.*

1'. avicuilare, L, Sitka.

Poulygorunu tripterocarpuim, Gray, . 8),s cailc erecrto vtel assurgente simplicivt.l
11tre ramioso, longitludinaliter striato ghtlbro vel ald nodos deorsutil (liu breviter retiorso
suihcseenite; foliis (inferioribuis ad ouhremanui reductis) patelitil)1is lieiiari-ltnceolatis acilai-

lnatis basi aingustatis breviter petiolatis glabris vel subtils ad iierviiiii pubelrlis margiine
ciliati.s indililati(sque inferioriibus silpra biLsimn tortilla part siiperio(ribus iriate l)ILsi insiertis ;
tichlreis laxis nervoso-striatis rulis glabris vel basi publ.es('enltibs; l)niiela augusta tfilialt;
bracteis latis 1-) florcs; pedicellis exs;rtis floruin freuliantil).s siupra meidiuimi articulatis
.(:palis ovalibus vel obovatis obtiisis; stauinibuis ovarii dimidiuiul' .e(quatiibus ; achehiio
exserto calyce :3-4-plo longiore obovato late trialato stylis 3 recurvatilscoronato stigniatibuis
vcaiitatis ; seine (iimmiaturo) valde stipitato."
Coal bay, J. Small ; Arakamitchetelieno island, C. Wright. The specimens from two or

three rather remote localities are 8-15 inches high, erect or slightly assurgent at the ba:i ;
tihe short lower joints two or three times as long as the rather inflated leafless slieatlhs.
Sime of the specimens are clothed at and below tie nodes oft the middle of the stein with a
niore or less dense retrorso pubescence, while the lower and upper parts are nearly or quito
smooth. Tihe points, however, in which they seem to differ most from P. rpolyniorplthun,I'. divaricatum, and other allied species, are in their conspicuously exserted and broadly
Winged achenium as well as in their rather strict, nearly -unbranched habit." Professor
Gray's MS8. (Mr. Dall found the same species at Plover bay, and if the form P. polylilor-
pliumi var. lapathifolium does not prove 'P. triptorocarpum it is likely the latter may yet be
luulnd on the American side.)
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EMPETRA CEE.

IEinpetrmn nigruin, L., Sitka, St. Lawrence, Ounalashkn, Norton sound to
Point Barrow and Arctic coast.

SALIC ACE,:,.t
Saflix Inlrtilloides, L., Iotzo'bul sound.
S. .:l)lppo)ultil, L., otzebllo sounIId.
a.iarlant , CapeEspe:tnlsl erg and Chainiisso island.

S. arctica, Pall., Oiinalaslka and Kotzeblue sound.
S. lnirsinites. I,., island of St. Lawrence, fide ILedebolr.
S. ovalifolia, Trn'ltvett.; S. Uv't-ursi, Seemann, Bot. Herald, (fide Ander-

HM,) Koltzebtl soinl, Cape 1Jsl)enbccrg, and Island of Ou)nalashka.
,S. rlauit;nnilia, (IPall ? Oillanntsllka.
S. glacialis, Anders., betweenCapl) Barrow and Mackenzie river, "' Captain

PItllen."
S. retieltota, L., Oiinalashka, Kotzeb)o sonud, Caple Lisurllne, and Arclic

eoa'st.
S,. lhleophyllla, Andiors., Oiinalaslika, island of St. Lawrence, and Kotzebue

)Illind.
*. polaris, Wahl., Wainwriight inlet.
S. speciosa, oI[,k. et Amr., il Bot. 3eechey, Kotzelbuil sound.
S. lticllardslli, Iook., Kotzebele sound to Cape Lisburne.
S. lIarclavi, A\nders., Kodiak.
S,. pllllicoides, Anders., western Arctic \America, (Avatschalbay,l Seeuann.)
,. cordatal[lll,lil, vr Mackleclzianl, Point Barrow, and along Arctic coast.

Tilliis forin Anderson regard; as as hybrid between S. cordata and S. vagants.
8. Sitchlnsis, Lede)., Sitka.
Poplltis l):lsaii.fera, L., Chileahlt, Kello)gg; Yotkon river, Dall.

UI'TICACEI;E.

Urtica dioica, L., Sitlka, fidc Bongard.
11 '1'TULAC'EA.

Bettila glandilosa, Miclx., Youkon river, Dlall.
1I. nana, L., Norton sound, Chainisso island, and Point Barrow.
3. 'rlilllinni, Chain., Oinalaslika.
1Alms viridis, 0, Sitka, Olinalaliska, Notion sound, Kotzobuo sound, and

northern coast, YoIikoll river, Dall.
A. rlbrai, lBong., 8itka.
A. incana, Willd., Kotzebue sound.

YRICACETE.

1Myrica Gale, L., Sitka.

CONIFERA2.*

Abies Canadonsis, lMiclix., Sitka.
A. Mertensiana, Bong., Sitka.

t Mr. Dall collected, in the spring of 18U7, a llrge number of willows, but owing to his
lhort stay in a given locality was of course unable to match the sexes or to obtain the

leaves.. For want of material 1 am therefore compelled to pass themil by.For want of niaterial I ain obliged to accept the determination of Ledebour's Flora Ros-
sica in regard to this order almost "iu toto." I have, however, kept up the distinction
between Abies and Pinus for manifest reasons.
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A. Sitchensis, 1Bonr., Sitka.
A. aIll)a, MIiclix., lnortll\westeirn Alaska, where, according to SeelmaCII , it grows

froIml twenty to twlentv-five 'ect hligl.
'illlls C'nl)l'm , I., .()tZcl)ICsiuni, t'iee Boln ard andl(l ooker and Arno(tt.

1'. contortla, Dl)olil.l, Sitka. I can linardly think this is 1'. inops of Ait.rlas is
illeCedbIy smile aut hours.

T'lhljal exce('lsa,l , n'., Sitka and southern ltussian America.
J unipi)erus iala, Wilhld., Sitka.

SA .LSOLACl:.T.

'Teloxys aristate, Moquin-Tai(lli ; iRulssian America, Pallas.
Atripl ex littoralis,Ji,.,l Kotzelxt u alild Nortoln .sounld.
A. (ineli)i, C. .A. Myer', BIIng., V\ei. Sitka, l(otzl)e sound and Sitka.
( 'orispl)eriiiiln lissopifoliilin,lSte'., Poini t Barrow to Mackenzie river, P]ullei.
1;lituil cal) itatilln, LJ., l"olt Yoiko), Rev. Al. C. )onaldl.

Ty'I'YIA CE:;.

Sparganiimn natlans, 1., Kotzel!mcesound and Onnalashka.

A tl1 D E'LE

lvsililiton (nlitscliatcense, ,lSott;)Dlrconticuni K(atscliateense, TL.; Syni-
)lIcal' j)s Kaintsclat icu s, )ll:nardl; Artiodracon KaintschiatiCIin, ( .ray on

the Botanii ol J:apat, in Memioirs of Amierican Academy of Arts and Sciences,
new series, vol. 2, pp. 108-9; Sitka, Bischoff. I give the description and
stilie r('arksl( o tile aflinities of this p1lat, I)y Professor Gray, 1. c.

I.-vichitcll Sciott. "Si)adix iii(is, seapl)lil tenlinians, cylindricls. IPlores
hlerl1apni)roditi, Pcrigylnill tetrapiyllimi, I)asi ovarii adnatin, pliyllis ol)ovatis
ieiil'nliranacissil)concavis. Stamina, l; filamienta plan; antlhew extrors , l)ilo-

cillares, loculis ovali1)is rima lonitudlinali ex apice fero ad basin deliscenltil)s.
)vatinli lil lociuare, rariuis al)orti uniloculare; stylus conicus, stiglate depress

siimp)lici terminiatius. OvnA in loculis solitaria, disseilento pallo sulpra )asi
illserta, liorizonltalia, orthotropa. Pericarpia carnosa, 1-2 sperina, in recepata-
c(.iilim commune Spl)ogiosiin coalescelntia, stylo crasso-coniico acilto al)iciluata,
Semine hand visa.*- ellIerb pallidosae, boreali-P)acilicwT,cableses; fjliis maiIg'is
Syillilocar])i cull scapo elonllgato co6tanl, is c rhliizomatoerasso liorizontali ortis;
sipallia vaginante superno inll l anceolatilim seCn ellipticuili coloratlni
exjilanatnnm.

Froni ouri skunk cabbl)ag tho new gCenuis is distingllislied 1by tlhe elongated
sca(:)e, the mcm)mbrnaccois spatula or sheath, tlio spicif'olir spalix, thlo imemill)a-
l:aceois periantli, tilhe horizontal orthotrop)ous ovules, anldl ro)al)ly by tiel nature
(1 tlie fruit, which I have not seen mature. I lay little stress upon( the bilocular
ovary, because one of tlihe cells is occasionally abortive or wantillng in th(e ,Japan-
ese plant, and because the ovary of Symplocarpus itself not rarely exhibits ves-

tiges of it second cell." Gray, 1. c.

NAID)ACE.

Zostera marina, L., Ounalashka.
]'otainoreton natans, L., Sitka.
1'. rui'escens, lesser, Ounalashka.
" Semen venture ()lanutin, dorso convexum, ambitu ellipticum. Embryo macropodus."-

Prodrouius Systemnais Aroidoum, p. 4'0, II. G. Schott.
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J U'NCAG INACE;E.

''1ril-ochill Ill:llitililllln, IL., Sitka.
T. palutstre, L., Outnalaslika.

o0RCI II 1)D c.E:.E.

(Corallorhiza.I'relt Sian, Lindl, ,Sitka.
(C. illliata, 1t. r1'., l ct%('ell' soundlll alln ()l11i: tlashkla
.fMicrost lis d(ilpllvlIIs, IlJl, ()u1nal:tslikt.
Calypso bIorealis, ?Salisl., Sitka; F(erd. I is(llffl'.
( )clhis latifolia, L., O tiialaslika.
Il!atantl lera ol)tilsa:ta, Iinlil., hlot/e!liec sollIund.
1'. ,Sclii;sc'lillllelli:ana, IJinll(., ()uinalaslhka.
1'. i iln iiiL,,ililc., (),lIalaslltk.
1'. lilatataos, liidl., S itkaa ndOlalas lnslka.
Jeristvyls C .'isia:Inulils, Liitd, (lliinalaslika.
1. scteatius,lici dl., ()iinU:I ska.
Iistralcollrdta, I{. Hi., Sitka andOhllarl:taslika.
IJ. 'scllscholtzialm, (lIal., ()OtiiiialaI:lIka.

Cyprilp edilmli jluttaltin, S\wart% 1 oiti)tnlcla.

I r IDACcl-E.

Sisvrincliun Berilldiana, L., vart. cancel., Sitka.
Iris Sil)iricat, L .,oNortonnand I((Jtzel)le soouls.

SM I LA C EI-l .

Stre)toI)iSilsaof )lcxif1ko1ii, I. Sitka an OUinahlslka.
S. roselus, aMiclx., Sitka.

)v lar, i we Illmay jIlg'O 1'ron thle 1)propo(rtion of it in tih collections Inadle at

JIIACEICE.

Lloydlit serotina, Riclienb., St. Lawrence and Ounalaslika islands, Capo Lis-
burlnand KotSbClu,ll sotound.

Fritillria Kalltscltcelsis, Cisc.,St,O itka,a(ndK allk, nd Capo Priunc
of Wales.

an rapiids oWll.'Youkon river, )aldl.
Zygildelnns lacn11s, Nutt., Kotzcl)eu sound; Port Clarenco, Aretic coast, and

I'Fort Youkon, D)all.
Vcratruilnl sclischloltzii, Gray, Sitka.
'lofieldia coccinea, lRichards., Kotzcbueo sound, Chliamnisso island, and Capo

Lisl,,rne.
'1'. glutinosa, Purslh, Sitka.

JUNCACEAE.

Luzula pilosa, Willd., Sitka and Kotzebno sound.
L. spadieca, DO., Sitka, Ounalashlka, and Kotzebuo sound.
L. arcuata, WValhl., Kotzebuo sound, islands of St. Lawronco and Ounalaslika.
IJ. camlpcstris,, DC., Oinalaslhka, Sitka, and Kotzebuc sound.
L. spicata, DC., island of St. Lawrenco and Kotzebue sound.
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.Tuncus Balticus, Detlhrd,DCape 1'sponlbeIrg, Norton sound, and Ounalaslika.
J.. arcticus, Willd., Sitka.
.J. ellsiolilis, Wickstrm, Ounalasliska.
.j. I'alcalis, 1.. Meyer, Otinalaslika and Sitka.
.J. castaells, Smith, Sitka, Ounalashka, and Kotzebue sound.
J. bigilmn1is, L., lKoitzebue sound.
J. Drunlionli, Ledeb., Ounalaslika.
J. ptIradoxsl Icyer, is given by'Ledebour as a doubtful native of Sitka.

CYPEHIIACEAI.

Schipus caesplitosus, L., Ounalashka and Sitka.
S. sylvaticus, L., Sitka.
Eri(oploliru va(ginatuln, L., Sitka.
]'. Scheu(hzccri, IIoppe, Kotzebue sound, and Sitka, fide fMertens.
1'. Clhamissonis, C. ,.A. eyer, Sitka and Ounallaslka.
1'. callitrix, Chaim., Island of St. Lawrence.
E. latifoliumL, L., including E1. polystachynim, E. angnstifolimin, and E. ria-

cilH, Sitka, Norton sound to Poinlt Blarrow and te Arctic coast. "'Thl silkyhair of the cotton grasses is used by the EsquiaIIles1xas a substitute for tinder,"
8ceinannil.

Hlhynchospora alba, Vahll., Sitka.
'lllyna spicata, Scllrad., Arctic coast, Putllcn.
Carex leiocarp)a, C. A. Meyer, Sitka and Ounalashlka.
C. micropoda, C .. Meyer, Ounalaslika.
C. ircirnata, C. A. Meyer, Sitka and U()nalashka.
('. nigricans, C. A. Meyer, Sitka and Ounalashka.
C. p'aiciflora, Liglitf, Sitka.
0. eloingata,, ., Sitka.
(C. leporina, L., Ounalashlka.
C. lagopina, Wa\il., Kotzebul sound.
C. Norvegica, W\illd., Sitka and Kotzelbuc sound
(C. canescens, L., Sitka.
C. stellulata, Good., Sitika and Ounalaslika.
C. reinota, L., Sitka.
(. BIlxbatlnii, Wall., Sitka.
C. Mertcnsii, Prcscott, Ounalashka and Sitka.
C. atrata, L., Kotzebuo sound.
C. Guielini, lHook., Sitka, Ounalashlka, and Kotzcbuo sound.
(J. livi(la, Wahl., Sitha.
C. capillaris, L.; Otialashlka, Esclischioltz.
(1. rariflora, Smitl, Olnalashlika; and Bay of Schischmiareff, Esclischoltz.
(0. rotundata, Wahl., KotzeClle 01so1d.
C. inacrochleta, 0. A. Meyer, Oltnalashlka and Sitka.
C. mclanocarpa, Chanm., Islandl of St. Iawrence.
C. styloss, C. A. Meyer, Sitka and Ounalashika.
C. limiosa, 1. Sitka.
C. saxtilis, WaYlil., Kotzele sound alndl Norton sound.
(. emsplitosa, L.,.Sitka and Kotzebue sound.
C. strict, Good., Kotzeliio sound.
(C. aquatilis, Walil., Oinalashka and Kotzcbtuo sound.
C. cryptocarpa, C. A..Meyer, Sitka, Ounalashka, and Kotzcbuo sound.
C. acuta, L., Sitka.
C. vesicaria, L., Sitka and Kotzehuo sound.
C. fuiiginosa, Sternb., KotzeIlmie and Norton sound.*
Not having access to Boott's great work ou Carex I have followed Ledebour as tho

latest available authority. Most likely some modification of this list will yet bue ueded.
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GPrAMI NE.] .

HIordcum pratense, L., Sitka and Ounalashka.
II. jubatum, L.; Fort Youkon, Antoine Iloulo.
E1lynus Sibiricus, L., Sitka.
IE. arenarius, L., Norton sound to Point Barrow.
1E. mollis, T'ril., Sitka, Norton and Kotzebuc sounds.
Tritiunin rcpcns, L., Kotscbue sound.
Festuca ovina, L., Kotlcbuo sound.
F. ruhra, L., Sitka and Kotzebue sound; united by MJLsrs. Hooker and Gray

with '. ovila.
F. subulata, Bong., Sitka.
I3ronius ciliatus, L., Kotzcbue sound.
1s.sulblatus, Ledeb., Ounalaslika.
13. Aleutcnsis, Trin., Ounalaslika.
13. Sitchcnsis, Bong., Sitka.
Poa stenantlha, Trin., Oumnlaslhkal, Sitka, and in America Arctica ad Frctum

Senja\win, Ledelour Flora Rossica, vol. iv, p. 372.t
P. flavicans, Ledel., Ounalashka.
P. arctic, R. Br., Kotzebue sound, Ounalaslika, and Sitka.
I'. ccnisia, All., Ounalashka, Cape Lisburne, and Kotzebuo sound. I hero

include P. anllreviata, Br.
P. rotundalta, Trin., Ounalaslhka.
P. nemoralis, L., Kotzebue sound.
P. annual, L., Sitka.
P. pratensis, L., Kotzebuo sound and Ounalaslika.
Colpodiunm fulvimn, Ledeb., Kotzoluo sound.
])il)ontia psilosaintlia tpr,l Kotzebue sound.
Catablrosa aquatic, Beauv., Sitka; fide Ledebour
C. aligida, Fries, Kotzebue sound.
Atropis inaritina, Ledel)., Sitka.
A. angustata, Ledeb., Kotzebue sound.
Glyceria aquatic, Smitl, Sitka.
G. glumaris, Ledeb., islands of St. Lawrence and Sitka, peninsula of Alaska,

and Kotzebuo sound.
Ilierochloa borealis, R. and Scililt., Ounalaslhka and Kotzebuc sound.
II. alpine, It. and Schult., Ounalashka, Kotzeblle sound, and Arctic coast.
Trisetuim subsl)icatuil, Trin., O(nalltashlka and Kotzebuo sound; and from

Point Barrow to Mackenzie river, Pullen.
'P. sesquillorumin, Trin., Ounalaslika.
T. ccllrnunt , Trin. Sitka.
Aira ctcspitosa, Trin., Ounalashika, atnd main land.
A. caspitosa, Trin., var. Bottniica; Sitka, I3isclloff and Kellogg. In looking

over the specimens of A. cecspitosa in lIerb., Gray, I find one from tihe Sandwich
islands and another from Fort Vanlouver, both of' which appear identical with
our forms from Sitka. They having been authentically nailmed by- Colonel Miltro
as Aira crespitosa, var. Bottnica, 1 lave labelled the Sitkan specimens in accord-
anco with his determination. Trinius, in Icones Graminuim, in tlhe text fronting
his A. floxuosa, var. Bottnica, speaks of an Aira very similar to A. 3Bottnic:

t Not being able to find fretumn Senjawin in Arctic American nmups, I applied to Prof.
S. F. Baird tor a solution of tlh difficulty. He informs nm it is on the Asiatic side, latitude
('4° 45' north, longitude 1720° 5' west, between Kayno island and the Asiatic slore. Misled
by ,ledebour placing the strait on the American siJc, I concluded it must be tlie ScgnUai pssin tieU Aleutian island chain. however, as Professor Baird is positive, we may regard the
locality us settled. Dr. J. D. Hooker seems to have experienced a similar difficulty iu
regard to the same locality. '
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being found at Sitka by Mertens. Bongard is silent on tile subject in "Vegeta-
tion of Sitka," though I find ill Herb., (Gray', a specimens similar to the Sitdkan
ones marked (buit from Ounmlashka) as A. (clasl)itosl, var. longiflora. 'Priius,
1. c., vol. iii, writes of tio same plant from Sitka, "cteterum hal( varietato trall-
situsl quidami sistitur al) A. CSpl)itosa ad ilexuosam;") which statement geemiIs pra)-
bable enough.

A. arctica, Trin., Kotzobue sound, Oimlndashka, Sitka, and interior of the
contlry.

A. atrol)Irlrea, Sclcele, Sitka, Oiinalashka, and from Point Barrow to Mac-
kenzie river.

CalamagrostisAleitica, T'rin., Onualashika and Sitka.
U. l)lpurpu'l seccns, I. Br., Fort Youkon. Rev. AMcl)olnald, Gray andl To'(y

regard this as a form of C. sylvatica, 1)C.
(. strigosa', Wahl., Sitka. Munro unites with this C. Aleutica, Bong.
C. neglectta, GCrwtner, Kotzebue sound.
J. Llapponica, 'Trin., )Ounalashlka.
(C.Canadcnsis, Beauv., Kotzelue should.
C. LanglsdIoilii, 'rin., Kotzelue sound, '..cischoltz.
Arctagrostis latifolia, Ledel)., Kotzebie sound and Arctic coast.
Cinna latifolia, Ledel)b., Sitka.
\grosti.s wquivalvis, Trin., Sitka, and Ounalashika.
A. exarata, Trin., Ounalaslika, Sitka, and Kodiak.
A. geminat, Trin., ()Ounalashlka,
A. laxillora, It.;Br O)unalalslika, Mertens.
PIhlctmn pretense, ,,., Alaska, wlicro it thrives well, according to Kellogg;

1tl1 in what part of Alaska ?
1). alpinuim, L., Sitka alnd Olnnlasnlka, Kotzcl)ue sold, island of St. Law-

rence, (and Arctic coast ?)
Alopetu'us alpinus, Sin., island of St. Lawrence, Kotzebue sound, (and Arctic

coast ?)
IEQI;SETACELE.

Eqiuisetnlm awense, L., Sitla and Olmalaslka.
E. sylvaticumll L., 1otzebul sound.

LYCOPODIACICE.

Lycopodinum Solago, L., Sitka, Oulilashlka, and Kotzeclei sound.
J,. an11notinullIl, L., Sitka, (ikl0alashlka, andKiotzeb)ue soll1l.
1,. Sitchelnso, llunprlcct, Sitka.
I,. compllanatumi, Sitka ; fide Lecdebour, Flora Rossica.
L. alp)inium I,, Ountlashhka.
L. deldroidrcmnli, Michx., Sitka; fide Leel)our, Flora Iossica.
1. clavatmln, L., Sitka andl Olnalashka.
Selaginella spinosa, Beauvn., Ounalashka, Escllsclloltz.

FILICES.

Olplhioglossm vurlgatuim, L., Ounal:lslka, Esclcloltz.
Ilotetrychilu Lunaria, Slwartz; Ounalashlka, Cliamnisso.
B., ritaceitn, Willd. ; Ounalaslhka, Chamisso and Esclscholtz.
1'oly)odium vulgar, L., Sitka and Ounalaslika.
I'. ]'l(ropleris, L.; O)unlashka, Mattens.'
l'. D)ryopteris, L., Otnalaslika and Kodiak.
As)idiui Lonlclitis, Swlartz,; Ounalashka, Chlamisso and Esclscstholtz.
A. aculcatulm, Swartz, Sitka.
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A. spiiiiilosiim, Swartz, Sitla, Kotzcleu sound, alld Oun0ala:slka.
A. fra.ralins, Swar.tz, Sitka, Kottzcblle and Norton sounds.
Cy'stoplltris lfaglili;, BIerli., Oinalaslika andl( otzelmCe oun11d.
AsplclliiImlli)I x-il'Ijinal;, licrnli., O(ualashlika, and Siitlka. K1od(iak?
B]leclhnun Spicant,11iotl., Sitka; (Loinaria Spicanit, 1)csv.)
P'teris a(qlfililia, L., S. itka.
1'. ar-entca, .GS .G. mXelin, (Anicrica-Rossica, Steller Cx P'allas.)
1Allo,(onis Sitclionsis, ltirlcclit, Sitka. (Mlilii igniotta, L.edCebur.)
A. I;ovcolatlus, IlR11reclit, Ounalasllka and Kodia:k.
Aldiatntin lpedatlum, L., var., Ominalashka.

A N 0 1' II Y '' E S.

[DETERMI.NED AXI) CO.11'ILYD IIY THO.MAS 1'. JAMES.]

MAI'SCI.

Sphlinninu c;vil)ifoliuin, Elirli.; Sitka, I3is'liofr.
8. teres, Wall.; NulIto, W. 11. D)all.
S. clsplidalltuli, var. recuirvumn, B(caiv., Sitka.
S. IacItif;,litII, Elrl,., Sitlka and Ala:ska.
S. finlrl'iatllll, Wilson; Kotzcule sound, B. Sceemann.
S. filnl)riatnlli, var. ra:lis denso COmil)actis, lfliis brevioribus SUbelliplicis;

N\I'ltoIr So)ll(l.
W\\.isia serrulata, Punk, Nulato.
l)icra1ni' crispumn,1 Icdw., Kotzclbu sound.
1). polycarpurn, Elirli., Alaska.
1). lieterolliallmll, Ilcdw., Alaska.
1). collC'.stilll, Brid., Sitka.
1). scopalrilil, Iledw., Kotzeclice sound and Alaska.
1). cloIng(atimn Sclhi\\'g(., Kotzelbue so1I(1.
1). palustre, Brid., \var. foliis plans neIIeo 11ndlatis, Sitka and Nulato.
1). inajus, Smitl, Sitka.
1). Schraderi, Seln\cg., Kotzebluc sound.
I:rl).lla M/iluleri, Br. anld Scll.; Alaska, Kellogrg.
Ccrato(ldonll pu)rplrculll Is ,K'iotzclue sornd, iSitka, and Nulato.
I)isticliiim capillaceum, Br. and Scll., Kotzebuoe sound aned Nulato.
T''traphis I)cllucida, I-Iedw., Sitka.
l Iota Barclayi, Miitten; Sitka, Barclay.
Raconitrillni aciculare, Brid., Sitka.
It. fascicularc, Brid., Alaska.
It. canescelsii, var. ericoides, Brid., Sitka.
1. lanuginoisum, Br. and Scll., Kotzel)ue sound.
Tayloria serrata, Br. and Scll., Sitka.
Tetrall lodol minnioidles IIcdw., Kotzoebuc sollld and Sitka.
Splaclinumi spliericum, IIedw., Norton sound.
S. vasculosuin, Linn., Sitka.
T'. urceolatus, Br. and Scll., Kotzcblue sound.
E'ncalypta rlabdocarpa, Scliwawg., Nulato.
Funaria hygrometrica, IIcdw., I ktigalik.
Iartrainia iMenzicsii, Hook., Western Russian America.
Conostoimum borcale, Swartz, Kotzclue somud.
Iryum polynorplimn, Br. and Scl., Sitka.
IB. nutans , Scllr)b., Kotzclio sound, Sitka and Iktigalik.
1. crud(um, Schreb., Iktigalik.
I. pyrifonno, I-idw., Iktigalik.
B. lacustre, Brid., Kotzcbue sound.
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13. inclinatiil,llB.landt Stll., Iotzbluic sound.
B. capill're, lledw., Sitka.
13. :ellnt(llu, Linin., Iktigalik.
I ilium 1iictatImII,I[ed., Sitka.

31. rostriatilum, Schwlvan., Kotzebue sound.
1M. :afimll, var. Zlatuln, Br. and Sli., Sitka.
51. Menlzicsii, Hook., Sitka.
A1iilacomiioll tnrgi(iiil, Schw,'g., Kotzelble solunid.
A. )pallistre, .SchlIwa'g., otzcbue so1nd, Sitka and Nulato.
Pl'omoatillm capillare, Michx. and lBrid., Kotzcbule sound and Sitka, Alaska.
1'.llpiI , iI.Va.al)iLinn.,va. fioliis cap:sulis logioriil)S, KOtZCel)C Su alld Sitlka.
1'. all)inuir, va:1. fIIurcatilni, Brid., Schis'lliscliIlarllt' , (ChallniiSso.)
1'. alp)innl , var. canp'tllnll:tui, Bhrid., Onatlal:slika, ((llhanisso.)
P. a'trovirens, Mitten, Sitka, (liarclay.)
1'. contortiuil, leniz., (lnortl\hwSteCoastrcos of Rtiusian America, (iMenzics.)
1'. (leiitatitlI, Ieiiz., Iortli westernn cast of lusli.sil ilAmerlica.Pl1,lvtrichnll g'racilo, MTenz., Kotzebule soind.
1'. itrmosiII,l ledw., Alaska, (Kellog r.)
JP. (avifoliliin, Wilson ill Iot. JIcrald, (Seeinanl,) Kotzebtlc sound.
P. )ilik't'1'r11, Schreb')., Alaska.
]'. jlllip)rimilllnl , Will(l., lKotzeCl)o so(11d and Nulato.
1'P.iliperinum, var. istrictini, lir. tand SCl, K].otzcbuo sound and S;tka.
1'. jiinl)mlllll, vtr. ftliis distantiin% :Itrguti)Sorilltus patllis, Kotzel,ue sound

BitIka, and Nulatto.
PI. sexangIllaro, IIopp., lbarren specimens fi'om IIerald island.
1'. cominlnune, Lin., Sitka.
Antitrichia cr'tipeCnlla, lBrid., Sitka.
A. Califoilrnica", ,j. x.Alaska.
Neckerl l)ouiglssii, 1iook., St'eekinl, Alaska.
N. Ml'zie)sii, BIook., Alaska.
Alsia Calilorni(la, Lesrqx., Ailaska.
Ilypiminm triq(iltrllm, ilnn.,N1 lato and Alaska.
1I. hilruml, Jiinln., Sitka and Alaskat.
I[. sqtiarrosLiiii, 1 lii., Sitka.
If. crispl)fblilmb IHook., Northwelstcern Riissian America, (fenXicts.)II. laxifoillum, Hook., Northwestelrn Rllssiatn Aimerica.
II. spletindllns,l fledw, Nulato and Alaska.
If. strigosIum Iottfiil NIulaIto.
I,. 1dulatmn,,,, Linn., Sitka.

II. lltescsiis, lHuds., KlotzeCl)l somid and Alaska.
11. 10osm'iloides, vat. stolohlilfevini, )Hook., North western lRussian Amierica,

Sitka, and Alaska.
IMr. W. 1I. l)all, iln ld865-'1i, collected tnumber of Imosses il Easlern ,Siberia, onl ti,

vwest('ri side of Belritgs' straits, and 0oplosito to Norton o801nd, amonghlli(icllh ws a lIew
sil)cies of Plogoitltlin, which 110 doubt will be detected in Alaska, when exllored. 'Th
peecies being interesting, it is (deeed appropriate to introduce it by the following description:
Pogoiiltuln laimellotuin, sp. nlov., dioicitim, caule ipllllici'vel ralnoso, foliis solidis tigidisiIncii vis cauli alll)ressi ; c Ibasi lpellucida latiore amnl)lexictaule, colncarVi laicceolato-aciiina.tis rii(rgilia integra alit dCentieilata, jarnellls llnierosis mnargine subitO tiimidis, folii paginmll

e basi ad allicelut totailm ocCupaLnte: percnlihtialibus o ba.6i longioribus vagiuaiitibull elrectisaunusto.laclleolIttis, tenni costatis; perigonaibus exterlnis unlgusto-laneeolatis, externis
obcordato.-picuilatis; capsiltl in liedicello flexuosa Iinciali, bloiosa vel ovato-cyliidricaobliqua anlt cernua, operculo o basi depreaso.convexo rostellato incurvo conico, peristomnii
dentil).s aqiialibus ; calyptra non visa.
This betaiitifil Pogonatuil is rmoro slender thian P. urnigerum, the lantilln. of the leaves

occupy the entire uppler surface from tho sheathling baso to tlle apex; the leaves most readily
separate trom tile translucent clasping base; the margins of lhe leaves are mIostly entire,
occasionally more or less deinticulatu at the apex. 'The capsule is globose!y oval iun form
and curved, the operculumn appears to be shortly rostrate.



4G2 SKETCI OF THE FLORA OF ALASKA.

lI. Iluthellicmll, W\einlim., Sitka.
II. Selreberi, Willd., Sitka.
11. Stookesii, 'l'Tuer,, A:sk:a.
II. Ineinatum, IIedll\., lotz(llii soIunId.
11. ulicinatum, var. Imajis, Wilsion, twice as large as the ordinary form, Kot-

zelle somlilld and Alaska.
II. Irevolvc, Swartz,S\ KoI(,it lue s(illd.
1. cir'illle, Ilo(k., K(otzlebue soln1d, 'nlato), andAtlaskia.

II. rilrosml,Iw.)l\\'. iotzelbue soll(l.
II. illecelrln,, Scllhvig., var, caullis divisionil)is sllindelidroidus foliis subinte-

gcrri, is, Alaska.
11. rivulare, l'. andl Sell., var. foliis niinus acutis, Kotzel)uc sound.
II. salelbrosnli ? I lollin.,1 (,t'(.l)tiie sound.
II. nit'ein, ,Schlirl' ., li\tzC'lii( 5( lllld.
II. denIticuililtt ln, J.iiII., ,Sitka.
11. se'rplens, Linntl., Al:lska.

IIlEPATICE.

5iarchlantial polymno'ph ia, Linn., Alaska.
Fc'atella COllica Corda', Sitka and Iktigalik.
]ilmb)rariantenll;a, Nves ? Alasha.
.JIlermmanlia all)icans, ILinn., Alaska.
.J. triclloplylla, ]J IIII., A\lakI a.

Scaiania miumwrosa, Nees, Alaska.

LI C II NE S.

[I.IST (CO}11'LED BY HI. MANN.]

Sphile'roplorol flraile, Pci's.
S. coralloids, 'Pcrs.
B3Ioinyces iclladoltl illls, Nyl., Biatora icmladoplylvla, anct.
(Cladoni'a gracilis, Iloftli., Sitka andKllotAclliu sullund.
C. pyxidata, Achll., Kl(I'ztlluc soinlld.
0. deforinis, I1oti., 1K(,ol)ziiee Soilnd.
C. uncialis, 11offin., Sitla and( Kotzebuc sound.
C. raiigiflerina, Ilollin., all lRussian America.
0. sylvatica, Ach., all Rltssi:a Amicrica.
lPilopliooon rolbstllll, Nyl., islands of 13cllring' straits.
P. acicullar, Tuck., (Sect. of' Stereocanlon,) Russian America.
Stereocaulon paschlale, Laur., K(otzelue sound.
8. tomniletosiIi?llFries, Kot(zemle sHoulnd and other localities. Absence of

fruit reCnders the determination d(oubtful.
Tl'amnolia vermicullare, comniiion.
Alectoria ocllroleutca, Fries, Kotzebule soundll; on tile ground tll normal form:

also, var. Salrmllltoso pendant f'roml trees.
A. divergens, Nyl., various localities.
Cetraria Islandica, Adi., common.
Piltymina Cicullatltm, loftin., common.
P. septentrionale, Nyl., lKtzel)uc sollund.
P. glaucim, Nyl.,K., tzel)iie sound.
Ncplhronma arcticrin, lries) Kotzel)ie sound.
Peltigera venosa, 1Iofin., Kotzelie sound.
P. canina, IIolti., Kotzellue sound.
I'. polydtatylat, lIott'm ., Kotzebue soun(, Sitka, &c.
P. aptlhosa, Iloftri., Kotzebue sound, Sitka, &c.
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Sticta pulmonacea, Ach., Kotzebue sound, Sitka, &c.
8. scr(ibicullta, Ach.,Kotziebu sEoudl.
'tmeiiicli ilelorrnla, c., Kotzebulc sound.
'. I'rlalta ,;Aclt ., Kotzebue sound.

1'. s:tAxtilis,Acl., Kotzebuc sound.
1'. tiliaccn, Acli., ]Kotzcliic sound.
Ph!sci. )tlriictillh, 1). N., Kotzebuo sound.
]'. stella'is, Fries.
I'. ol.FseC'', Pl' ics, Kotzcbuto sound.
ecc:anora ipallesctis, var. Ujllalensis, Fries, Kotzebuc sound.

J,. tar'tnlrica', \va. frigida, Alh., Kotzebue sot(ud.
I'lctldiulii elegalls, 1;'ries.
j'soi,',a liypiiuoriin, DC.*
'The list ol F;ungi and Algme I have take from Mr. Secnmaln's Ileport on

tlic But.nly o1 W\cttcrn L's(tliliiMaull IA,(d.

1UN(; I.

])otlidea betlllina, var. Betlhe Iname:, F"ries,
Elinclllll roselll, Schultz.

Kotzebue sound.

A L(;1. (A uclorc VW I.IIharrey
1cllcr vesiculosus, 1., phlntiftul in Kotzeltio sound.
A2aria escIllcltla, Cre'v., Arctic coast.
Chorda 'hiln, ,Stack.
D)ictyvsiph11o11 liilicullaccus,, Grev.
Ch;:topteris pliiiUosa, lKutz.
()(donthaia (lelittata var. aniusta, IIarv., Arctic coast.
llhiodolmelt Larix, Ag.
D)elesscria sinmusa, Ag., Arctic ocean.

I'}hylllhorta Brodiwi, J. Ag., Arctic coast, (single specimen
vrtie v.)

Ahntlildtia (Gymnogongrlis) ]iicata, J. Ag., Arctic coast.
INostoc verilco.sstll? Freshly water pools at Port (Clarelnce.

of broad-leaved

All tlie lichens hero euumerated, excepting the species Pilophora, are of wide northern
distribution, which tho localities hero idicated exhibit nothing of. Matny other boreal
blp(^ic.s sill reward search, and from some indications seen, we may expect the licrhns of
tlie southern part of Russian Amuericn to show some sipecil affinities to thu interesting lichen
lilau of C'alilornia. 11. l.
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TIIE HURRICANE IN THE ISLAND OF ST. TIOMAS, OCTOBER 29, 1867.

[ Translated from " The Diario de la Marina," Hub;na, January 5, 186S.]
Public attention has been o lmuch attracted to the hurricane which occasioned,

October 29-30 last, such deplorable devastation in the islands of Porto Iiceo,
St. 'o'lmllls, and other Antilles, that thle following essay, emnbodlilil, the reflec-
tions of an intelligent member of tihe Spanish marine on tlhe law of tllese di.s-
turl)ances, and especially on the course pursued by the sto'rmI in question, will
be read, we doubt not, with general interest:

'l'lo late tempest, like other events of this kind, l)ut to an extent rarely
witnessed(, has marked its path with incalculable disasters both on land and sea';
especially the last, where the irresistible fury of the wind and waves seemed to
threaten everything which they encountered witli annihilation. God, however,
in his inlilnite goodness, has given mlan intelligence, and placed in his hands
tile Inealls of contending witil difliculties andl overcoming them ; inspiring hlill
witi faitil, tile virtue wliich begets alnd sustains iop1e.

" 'The theory respecting thle11aw (f storms proves to us that however fearful
these phenomena may be for navigators, they become nmuch less f)ormidalle
when science als once taugll t us the nature of our elemental foe, and conse-
(quently tile mians of avoiding its destructive violence, in as far at least as is
Ihumllnly possible. ''owards the end of tie 16th century, a knowledge already
existed of tile circular form of tliese tornadoes; lint, as happens withl many
tilings of importance which gleep in oblivion an(l again reappear as novelties,
thle knowledge of tllioabove fact bore no fruits, until Mr. AV. C. Itedfield, of New
York, from 1831 to 1835, Ibroughlt to liglrt, by force of investigation, the deti-
nitc lawt of tie moveeineit ofr rotation of hmlrricaneua, as well as thalt of their
translation, with other circumstances attending them, conformabnle in all points
to tli observations of other authors of accredited reputation.

" 'lTho storm of the 29th of October, which inundated 'Portola, devastated St.
'Jlihomas, ravaged many parts of Porto Rico, and miadel itself felt in the capital
of St. Dominlgo and tlo adjacent villages, affords one ldatumn more to le col-
lated( with others for continuing the st(ldy of the movementt of hurricanes. It
results from tilo notices we have been able to collect, ti ough tliese are not so

precise as to enable us to judge witlh entire certainty, that tle hurricane in (ques-
tion took its rise in 50° to 55° west longitude, and 18° to 20° north latitude, a

spaCe comprised in the region of their usual origin. 'T'le mil steiner Principe
Atilnso encountered it. iln her comirs two days (before recalling this port, anld(her
skilfull commander avoided it by suital)ly tacking ship until he thought that 1e(
ilnigt pursue his voyage without risk, thus arriving safely in the rear of t1le
hurricane without. experiencing any great ilnconveniece. Sr. L:stra asslilUod
mlo thllat lhe had steered in conformityity itlho prescribed rules as soon as lie
suspected that lie was in tlie neiglhborhllood of a toriiado.

" Knowing very nearly tlhe point of its formation, it will be seen that tlhe
course( of tlie torn'ado was almost V. , CSW. until having passed S.t. 'l'lholmas it
took a direction W. 50 N., advancing at tihe rate of 13 to 15 miles an hour,
tlhe vortex or focus passingg 1y tho centre of tlle island of I'orto Rico, as would
appear from tlie fact of' Naguabo, IImmminacao, and (Caguas, will certaill otler
!)l:aces, having been most severely visited. ''lie calm wliich was experienced
in Cayey, at the veering of tile wind, is a convincing proof hat tile centre of
the storm passed at tlat point, for it is a characteristic circumstance of sucl
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meteors that they rotate around an area of calm of variable extension. Tlhe
central ca in q tin question might be from three to four miles inl diameter, judging
from tihe interval between tile subsidence of the wind from the north and tho
commencing violence of that from tile west; of which precise moment tihe gal-
hint and sagacious commander of tlhe steanlship Vasco Auiicz 7c Balboa knew
how to avail himself in order to pass from tile shoro to that vessel, at tile risk
of perishing if tils centre of calm had been of two minutes less: duration.
The diameter of the hurricane I take to have been from 40 to 50 miles, and
tlhat of its greatest force some 20, since in this port and that of Arroyo it was
felt will less intensity than at other points more inland and distant from those
places 15 to 20 miles. That tile disturbance is of a circular form, or of a cur-
vature apllroaching that figure, is oncemore sllown by tlle circumstance of tlhe
wind's blowing at the same time in two distinct points, wlich rmay be considered
as diametrically opposed in regard to the centre or oJcus of opposite rhlombs;
for example, at tlhe same hour when, at Porto Rico, tie direction was from NE.
to E.NE., at Arroyo it was from W. to SW., at Salinas from W. to S., and at
Naguabo to the S.

" We have at present no notices of the passage of the hurricane beyond the
western part of St. )omingo, wlich leads us to think that it terminated in that
island or pursued an course more to the north, leaving the south of Cuba for-
tunately unvisited, and arriving at the coasts of Florida ; a route which tiheso
storms generally follow as far as tle eastern part of the New World, where they
subside.

"' Barometers fell, at St. Thomas to 28.20; in this port (at the Captainship)
to 29.60 ; on board tle schooner Andaluza to 29.60 ; at Arroyo to 29.40. We
have not been able to verify tlio state of the atmosphere at other points of this
island; tlhe instruments, it would seem, not having acted witl the promptness
usually observed, and tlhe descent having only commenced when the tempest
\was near at hand ; which may havehal)penled from their having been, for some
days, lower thae ordinary under normal circumstances, and from the influence
of tlle north winds wliclh had been prevailing before the hurricane, so that tile
latter exerted not a mediate, buttan immediate influence. As regards exten-
siln, I consider thislhmliiclae to have been one of tile narrowest kind, as in
general such disturbances have a larger diameter by some miles and embrace a

lproportionably wider zone.

OBSERVATIONS REGARDING THE EARTHQUAKES WHICH OCCURRED IN ST.
TH0OMAS AND NEIGHBORING0U ISLANiDS, COMMExCING NOV. iS 1861 .

BY GEORGE A. LATIMER.

The earthquakes which began on 18th November, 1867, and have since been fre-
quent, seem to have had their origin by the butrsting out of a submarine volcano
in the sea somewhere about or between theDanish islands of St. Thomas and
St. Croix. The reasons for this opinion are:

1. Tlhe great wave which soon followed the first heavy sliocks was seen for
some time rolling on towards St. Thomas andl'orto tico,fiom tile south to
tioe north, while at the same moment another similar wave (perhaps even larger
than tlhe first) rolled on towards St. Croix, from the north to tle south; thus
showing that the volcanic eruption which caused them had occurred in the sea

somewhere between those two islands, and that tlh force sent the water in both
directions.

2. It is historical that some 75 years ago the small island of Saba, (Little
Saba, as it is called,) just west ofthio harbor of St. Thomas, was an active
vocano, and on the 18th and 19th November last emitted smoke; thus showing
the volcanic action was not distant.

30 s
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3. Previous toNoveclmer 18, 1SG7, earthquakes had not been felt in St.
Croix; on that day they were, and subsequently they have been simultaneously
withthe shocks felt in St. Thomas; showingg therelythat a communication had
and has been opened between the two islands. The shocks extended to Porto
Rico, and were felt throughout most of it; but the force of, and damage done
by them to buildings, sugar estate works, and chimneys, was chiefly at the east
end, the north side as far down as Arecibo, and the south side as far down
as Ponce. Below those places, neither on the north nor the south side was any
damaQg done to the buildings. The greater rolling wave passed into the harbor
and over the beaches at the east end, and down the south side of the island,
(Porto Rico,) but it did not extend to the north side or west end.

AN OPINION ON THE MARITIME DISASTERS OFTIIE ANTILLES.

Under the above title, D. Aristidcs Rojas has published, in the Fcderalista
of Caracas, the interesting remarks which ensue, chiefly for the service of those
among us who are occupied with analogous studies:
"Having had inquiries addressed to me respecting the catastrophe which is

reported to have taken place in the island of St. Tlhomas, 18th of the present
month, I hastily reduced to writing the following propositions, which have since
appeared in thle Federalista of 'Thursday, Novembier ,8.

" 1. A series of concussions of the eartl during four- consecutive days may
have produced displacements at profound depths, and to this would be attri-
butable the inundation of the lower part of the island and the irruption oftho
ocan ; in this case the phenop enon was merely local and the hurricane of the
13th must have contributed in great part to produce it.

2. It may have had its origin in remote regions; and, in that case, as well
the concussions of the earth as the irruptions of the ocean wouldlave extended
over the adjacent coasts of Porto Rico and St. Domingo to the west, and the
Virgin islands and lesser Antilles to the east, occasioning ravages in all tlose
places. Supposing the concussions of tho earth and tho subteonannean noises to
have been continuous, (as the captain of the Caciquo represents was the case in
San Pedro do Blartinica,) should the phenomenon be attributed to local causes,
or to seismic causes operating at a distance ? Were the series of concussions
which have been felt of late in the regions of Ecuador, New Granada, and
Venezuela connected with the catastrophe of St. Thomans
"Founding my opinion on the movements which have occurred in various

sections of the continent, I have come to the conclusion that tho event in St.
Thomas was not local, but, on the contrary, that it bore a relation to general
causes which had been in operation beforehand and under vast surfaces of the
American continent. The notices just received tend to confirm this view of the
phenomenon. As our readers know, it was on the 18th that the series of earth-
quakes which desolated St. Thomas began, and that they continued till the 22d.
Tlle same day concussions occurred in Guadaloupe and repeated shocks com-
menced in Porto Rico, continuing until the 24th, and driving the population of
the capital, in affright, from their tottering houses and fortresses. On the 18tl,
also, the ocean invaded the capital of St. Thomas, devastating all the lower
part, while in Guadaloupe and Martinique, to the east, the water retired 15
metres in the former island and little less in the second. On the 19th the island
of Margarita, east of Caracas, was repeatedly shaken, vast waves dashed upon
the coast, attaining in some places six fathoms in height. Caupano, on the
main land, had a portion of its pier demolished.

"( So far the notices received; but from these it may be inferred, I think,
without the least risk of error, that concussions must have been experienced in
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tile regions lying east of Venezuela, attended hy the sameR marine pIhenollmena.
As rewards tile Antilles, I doubt not that tlhe convulsion which ravaged St.
Thoimas must have visited Porto Rico, St. Domingo, and some of the lesser
Antilles. If the oscillations in Porto Rico were, as I presiume, east and west,
they will have held on in the direction of the Cordilleras of the Antilles, anid,
in that case,.the concussions, instead of being limited to St. T1homas and Porto
Rico, will have extended to the whole archipelago.

" low, now, is this phenomenon to bo explained( ? I stand in need of data
and details on the direction of the movements, as well at St. Thomas and Porto
Rico as at the remaining islands; but, confiding in tle above data and a study
of' tiis branch of geology, I venture to assume that, beneath the American con-
tilent, there had been formed a seismic tempest, (when I say tempest, I mean a
series of movements within the crust of the earth,) which, after manifesting
itself by repeated shocks in Ecuador, New Granada, and Venezuela, was dis-
charged over the whole Antillan continent. Let us recapitulate the facts, taking
as a point of departure tile strong concussion of Gnayaquil:
"September 11. Earthquake in Gunyaquil and volcanic detonations on the

preceding days.
" 15. Strong concussions in the Venezuelan Andes (Canache and other places)

at 2 p). m.
"20. Repeated commotions in the central Cordillera of New Granada, on

this day as well as those which preceded and followed it.
"22. Slight concussion at Caracas, about 12 at night. Direction SW.
"28. Strong shocks in the Venezuelan Andes between 7 and 8 at nilht.
"October 10. Strong concussions in the Venezuelan Andes at 5 a. . A

slight shock at Caracas at 2 p. n. the same day, attended with reports.
"24. Strong concussion at Pctare (little felt at Caracas) at 6 minutes before

2 p. in.
"26. Slight concussion at Caracas at 10 p. m.
"November 2. Idem at Caracas at 5 minutes to 4 a. mn, and again on the

10lt at 10.50 p. m. and another some minutes afterwards. Again on the 15th.
at 4.50 p1. m.
"Tle southeast direction of the slight concussions which were felt in Caracas

a few months ago show that tle movement came from the Andes, and in sup-
port of this opinion I would remind my readers of the strong shocks which
were felt in April in the city of tMerida, and which continued uniformly to tlhe
west, attaining Maracaibo, while to the north they reacced Caracas intermit-
tently, together with the neighboring towns.

"T'ho direction which this scismic tempest has puIrsued and still pursues is
indicated by an orbit which, starting from tle Chilian and Peruvian Andes,
proceeds to Ecuador, passes to the east of the Andes of Granada, traverses
Venezuela by tho bay of Barcelona, and advances to tlhe east of Porto Rico,
between that island and St. T'holmas. The tempest is discharging itself, at the
present moment, on the great and lesser Antilles, and its shock ill that region
is in turn acting upon tlo eastern part of Venezuela, producing the earthquakes
of Margarita and Carupano and the elevation of their seas."

ACCOUNT OF AN ERUPTION OF A VOLCANO.IN NICARAGUA, NOV. 14, 186I .

IDY A. B. DICKINSON, UNITED STATES MINISTER, NICARAGUA.

On the 14th of November last, a new volcano broke out in Nicaragua, about
eight leagues to the east of the city of Leon, on a crowded line of volcanoes
running through tlie State, parallel with the Pacific coast,

It commenced about 1 o'clock in the morning, with a succession of explosions

467
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which were very distinctly felt and heard at Leon. Tlese explosions opened a
fissure through'the carth's crust, about half a mlilo in length, running from tile old
fissure in a southwest direction, about midway between tile extinct volcanoes ol
Las Pilas and Orota, which are two of the numerous cones studding the ancient.
fissure.

Before daylight on tile morning of the 14tl, fire was seen issuing from tile
new volcano in various places. The explosions continued irregularly during
the wlolo time tlat the volcano was in a state of eruption, sometimes in rapid
succession and at other times at intervals of half an hour. Low, rumblingsounds were heard almost incessantly. In the course of a few days two craters
were opened on the new fissure, about 1,000 feet apart, the one at thle south-
western extremity discharging perpendicularly, and the other shooting out towards
the northeast at an angle of 45 degrees. Tlho flames from these two craters
steadily increased in height and size, while jets of flame and slighter discharges
were emitted from two or three other side fissures.
On tile morning of November 22d, I went out to the new volcano for the purpose

of observing it more closely, though I had seen and heard it very plainly eacl
day and night from Leon. Thel best view wliclh I obtained of it on that occa-
sion was before daylight, from a mountain summit, about one mile to tile north-
west of tie fissure and at rigilt angles witli it. T'li main crater, at tlhe right,
was actively at work, throwing out flames and half-melted cinders through a' cir-
cular orifice about 60 feet in diameter, which was constantly filled.to its utmost
capacity with the ascending masses. A regular cone, built up entirely by the
falling cinders to tlh height of about 200 feet, had already formed around the
crater. The rimu of the cone was white with ieat andt the outside red hot half
way down, while the remainder of its black groundwork was glittering witli
innumerable glowing sparks. It was puffing quite regularly about onco a

second, witil a strong, constant blast, which kept lup a column of flame, filled
with flying cinders, to tile height of about 500 feet above the mouth of tlhe
orifice. Irregular explosions occurred at intervals, varying from 10 to 30 min-
utes, increasing the force and volume of tlhe discharges, and sending them far
up into tlhe rolling clouds above. The cinders went up in half-fused, blazillg
masses, from one to three feet in diameter, and came down upon the cone har-
dened, striking with a clinking, metallic sound. After daylight the red appear-
ance of the cone changed to a bluish black. Tlio left hand crater was shooting
out oblique discharges of flame and cinders of a similar character, at an anglo
of 45 degrees from the other, and evidently communicated witl it about 1,000
feet below tile surface--thI two craters being that distance apart, and both dis-
charging simultaneously. This half-horizontal crater was about 20 feet in
diameter.

Tlle afternoon of the 27th, after a series of explosions which seemed to slake
tle earth to its centre, the volcano commenced discharging vast quantities of
black sand and heavier rocks. The column of flames at night was considerably
increased in height, and bright, meteor-like spots were seen ascending in tho
flames to tihe eight of not less than 3,000 feet. These were large, spherical
stones, four and five feet in diameter. Tlie next morning the house-tops and
streets of Leon were covered witli fine black sand front tile volcano, and a vast
luminous cloud of raining sand overspread tile whole surrounding country. This
rain of sand continued until the morning of the 30th, 1when tile volcano died
away, apparently smothered by its accumulated eruptions. T'le sand now covers
tho whole surrounding country, from tile volcano to tile Pacific, a distance of
more than 60 miles from it. At Lcon it is from an eighth to a quarter of an
nch in depth. As we approach tho volcano it gradually grows deeper and1
coarser. For a milo around the crater it lies in particles from three-eighths to
one-half an inch in diameter, and about a foot in deptlh, and the particles grad-
ually increase in size until they become small, broken rocks.
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Around the base of the cone, round, heavy rocks lie thickly scattered, from
four to five feet in diameter, but much toe larger portion of them have broken
into fragmllents. 'The cone itself is 200 feet high, with a crater in tile top of
200 feet in diameter and about the same in depth. The inside of tlhe crater, tlhe
same as tlhe outside, is covered with hard, broken rocks, generally less than a
foot ill diameter. A long ridge of black scoria leads out from the branch crater
in a nortlheasterly direction. Teli slaggy, lava-like scoria which first issued from
tile main crater is now principally covered up witl the ard pllltonic rocks which
came out from profound depths with the last discharges. The forest, for leagues
around, is scarred and rained with the sharp cutting storms of sand, and near
the volcano tlhe trees lie, cut into numerous fragments, half buried beneath the
salnda rocks.

Thle volcano was an active and interesting sight for 16 days, and now in its
repose afntrds an ample and instlrctive field for the geologist. Indeed, no
country in tlhe world presents a more interesting study than tile plain of Lcon.
Twenty volcanic cones are seen rising from it at a single view. Its soil is inex-
haustille in fertility, as finely pulverized andl as evenly distributed as that of
tile vtlley of the Nile or tlhe Mississippi, not however by water, but by fire. It
has literally rained down from the volcanoes, richly freighted with fertilizing
materials.

Iliumloldt regretted, before his death, that men of science had not more fully
investigated this remarkable region of country, and it is sincerely to be hoped
that i tmay not much longer remain neglected by them.

Tlle recent fall of sand has benu followed by a shower of rain, and- though
but a few days have since elapsed, corn, cotton, and grass have grown more
rapidly under its fertilizing influence than I have ever seen plants grow before.
Some weeds and plants it kills; others it starts forth witll renewed life and vigor.

1 sell herewith a specimen of the sand, gatlercd at Leon before the rain,
hoping tlat it may be analyzed.

It lmay be)proper in this connection to call attention to tlhe recent destructive
storms, earthquakes and eruptions whicll occurred on and around tihe island of
St. 'llonias during the same period of time which I have been describing, an(l
which undoubtedly sprang from the same general cause, as those earthquakes
were distinctly felt at Lcon.

SECOND COMMUNICATION.

I have the pleasure to acknowledge the receipt of a letter from the Smith-
sonian Institution, containinga number of questions in regard to tlhe recent vol.
cano in Nicaragua, whlich 1 will endeavor to answer as accurately as possible.

Tlhe latitude of tile volcano is 12° 30/ north, tlhe longitude 860 45' west from
Greenwich, according to tlh government map of Nicaragua. Its distance from
tle Pacific ocean is 40 miles.

T'lhe strong east wind prevailing here at this season of the year, and pal:ticu.
larly during the late volcanic eruption, brought the sand mostly to the west-
warl, but as fine sand was also carried in lesser quantities many leagues to tlhe
eastward, it probably alsoe)artinlly celtered tlhe upper and counter current of air.
It is known to have extended 100 miles to the westward, covering a belt about
100 miles in width. At the cominenlcelment of tile rain of sand the wind car-
ried it in a northwest direction; but for the last 24 hours of the sand storm tile
wind carried it to tlhe southwest.
Over an area of about 100 miles in diameter the sand averages at least onc-

eiglhth of an inch in tlhickiness.
'lThe rainy season usually commlences here about tioe middle of May and( ends

tlhe middle of November; tile remainder of tle year being tle (lry season. lThe
rainy season is without wind, but during tile ldry season high windls sweep over
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the country to th westward. This wind usually commences about the 1st of
l)ecember, but this last year it commenced about two weeks earlier, which w\as
about the time the volcano broke out. The rainy season closed also the 1st of
November last. The usual appearance of the sun and sky in Novem)ber is
remarkably bright, si)otted over with white, fleecy clouds. But during the latter
part of the volcanic eruption, and for two weeks after its close, the atmosphere
was greatly disturbled, and for several days in succession scarcely a patch of
clear sky was visible; (lark gray clouds were constantly whirling in heavy
masses to the westward, alarming the inhabitants with their sombre and threat-
ening appearance. 'The explosions andl tho crackling roar of the volcano were
heard for a (distance of over 100 miles, to the west, northwest and southwest.
On the evening of November 22, while the volcano was in an active state, I

started from Leon a little after midnight, to make a visit to the volcano before
daylight, and on that occasion, at 2 o'clock in the morning, about 10 miles to
the west of the volcano, I encountered, very much to my surprise, a heavy
shower of rain, accomlnlanied by thunder andl lightning. Tlhe thunder, however,
was not easily distinguished from tile roar of the volcano.
My attention was then particularly called to the fact that the storm came out

of tihe dense black cloud which ascended in a vast column from the crater, and
overhung tie surrolndingl country for several leagues in extent. It was bright
starlight when I started from Leon, and no other cloud was visible. I could
also still see the clear, star-lit horizon on every side of me, except that of the
black cloud from the crater. During this evidently volcanic shower I was first
struck with the peculiar, offensive odor of the volcano, whliclh I afterwards becailme
familiar with. After approaching nearer to tle volcano, and far enough to the
eastward to see through tho cloud, I saw that the horizon was also cloudlless in
that direction. I passed the limits of tlio shower to tihe north and west, and
also to the cast. The shower was confined entirely to the west side of the vol-
cano, extending fifteen miles to the westward, and covering a belt about 10
miles in width, whicl showed from standing water and muddy ground that this
was by no means the first shower.

I have since ascertained from natives of thl country that during the eruption
showers in that vicinity were almost daily, and that on one occasion it rained
hot water. But a single slower, however, reached as far as Leon. Brilliant
flashes of red and whlito were constantly darting from the crater into tlo cloud
above, and the lightning struck out in every direction from tle jet of eruption
where it came in contact witl the cloud.

With regard to the earthquakes I aml unable to answer your questions satis-
factorily. It was distinctly felt hero, and several others have also occurred
since that time, but they have all been so slight and little noticed that tli direc-
tion or extent of tile earth-waveo has not been observed. It is reported to me,
also, that stocks oftearthquake have been quite frequent of late il San Salvador.

Permit me to thank you for your account of tlie examination of the volcanic
sandi whlicli I llad tle pleasure to receive by last mail.

[The following is an account of tlie examination of thl specimens by Profes-
sor George .. Brush, of Yale College.-J. 1I.]

T'i volcanic santl appears to consist mainly, if not entirely, of three minerals:
1st. An olive-green mineral, in angular fragments, which is evidently chrysolife,
(olivine). 2d. A colorless, transparent mineral, also in angular fragments, is
plrolbally afiJldspar, but what particular species I am unablo to say. 3,d. A
grayish black to black substance, in manly cases with thle edges rounded from
seiii-fuslion; appears to b)o an iron angite, (or hornblende.) It is magnetic, as is
the case with the fused iron angites. These minerals are constantly found( i
tlo ejectioiis from volcanoes and are constants of manly lavas.
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CLOUD-BURSTS.
COMMUNICATED BY WILLIAM J. YOUNG, OF BOISE CITY, IDAHO TERRITORY.

You are probably aware that in the Great Basin, between the Rocky and
Sierra Nevada range of mountains, but little rain falls during the summer
months. I wish to call attention to a singular phenomenon that is observed in
that region during the dry season.
An old mountaineer and prospector told me that ono night in the summer of

1862, le, witl several others, camped in a canon near Black Rock. Some time
during tle night lie was awakened by a roaring as of a storm in the mountains;
yet tlhe night tws clear-no cloud was in sight. But soon the water came rush-
ing in torrents down the canlon, and drove the party to higher ground. IIo said
such floods were not uncommon in that region, and were occasioned by water-
spouts.

J. It. Neale, csq., a very intelligent merchant, who has spent tlie last two
years in that region, says:
"In August, 1864, I was travelling from Humboldt mines to Reose- river.

T'le whole country was dry and parched, as is usual at that season of the year,
and the weather was even warmer than common. About 2 o'clock p. in. I saw
lwhat appeared to be a whirlwind. It apl)eared to be about 25 miles distant,
and (lhe spiral column extended from tile earth to a very dense cloud, which was
nearly as higl as the scattered mountains in that vicinity. Soon this column
seeined to break, the upper third of it being detached from the rest and bent
over to the eastward. I then perceived that this spiral column was not of dust,
as I lhad at first supposed, but was water. The next day I crossed a canyon
leading from the place where the phenomenon had occurred. Water was still
riuning in it, and there was evidence of a recent flood."

Inquiring further, I consulted the lion. William R. Garrison, a gentleman of
scientific attainments who had spent several years in tle Humboldt mountains.
IIe told me tlat such phenomena were of' not infrequent occurrence in tlhe Hum-
bol(lt mountains, and were called "cloud-bursts." Ho had witnessed several of
them-liad once been in the edge of one, and( once had stood on tle top of a
mountain and witnessed the terrific scene in the cation beneath him. Ie says:

"'The first sign of them is the sudden gathering of a small, dense, black
cloud on tie niountain side, about fone-third of the way from tih top, and gen-
erally at the head of a canon. Soon this cloud seems to dash itself to tile earth,
taking a circular motion. It appeared as if an inverted whirlwind was drawing
from tlhe cloud imniense quantities of water, wlich is dashed in floods against
tile mountain side."
By these floods, lie said, he inad known trees uprooted, and rocks, tons in

weight, carried by the torrent the eighth of a mile. On one occasion the water
in the carbon leading from til " cloud-burst" was 30 feet deep. 'Phe area that
receives this immense body of water ;from tlhe cloud is not generally mIor than
one hundred yards in diameter, and sometimes is much less. Star City (Hum-
boldt mines) was once damaged by such1 flood. I iavo heard (on this my
information is not direct) that in 1862 several persons lost their lives by one of
these " cloud-bursts,")somewhere in tile W\ashoo region. These storms aro
entirely different from anything I ever heard of occurring in any other part of
the woorhl. Tlhey occur wl!ero the sky is elsewhere clear and cloudless. From
the first gathering of the cloud until ilhe storm has passed and the sky is again
cloudless is seldom more than an hour, and does not generally exceed forty
minutes.

'1'Tle causo of these phenomena may be familiar to scientific men, but to the
uninitiated it is a. mystery how such quantities of water can be so suddenly col-
lected from the bullring air of these desert plains.
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Professor Espy collected a number of cases in Pennsylvania and other parts
of the eastern States, of examples of this remarkable phenomenon. Tlhe only
explanation which appears to )e sufficient to account for it, and particularly the
amount of water which falls, is that of a water-spout or rotator motion of the
air, produced by the disturbance of the ordinary stable condition of the atmo-
sphere bly the abnormal heating of the stratum next the earth, and the suble-
quent bursting of this upward, in the form of an ascending vortex, carrying with
it all tlhe vapor which the air may contain from a surrounding space of several
miles.

Tihe quantity of water which falls will depend upon the amount of vapor in
the atmosphere which has been drawn into tle vortex. It should be recollectel
tiat although the air may be very dry at a high temperature, yet it may con-

tain a much greater quantity of water in the form of vapor than a damper
atmospllere at a lower temperature. 'lThus, at 70° of temperature the air, when
perfectly saturated, contains about eight grains of vapor to tlio cubic foot; at
90° it is capable of containing about 15 grains. From this it appears that the
capacity fir vapor increases very rapidly with the temperature ; in tihe case
above cited an increase of 200 of temperature nearly doubles tile capacity for
iloisture, and consequently produces a character of extreme dryness.
Although, at tie same time, the air may contain a very large almomult of vapor

whic,. condensed by a dimniantion of temperature due to its increased elevation,
or perhaps )y a colder stratum immediately above, may be precipitated on a
single snot, and thus give rise to tle extraordinary etffcts above described.

ACCOUNT OF A METEORITE.

BY ABNER WOODWORTH, COUNCIL GROVE, KANSAS, IMARCII, 1860.

On tlio 7th of March, 1843, 1 left Paral, a town situated on tile river Allende
Mexico, State of Chilhualua, anld, travelling some 25 miles, course 1I5° east of
south, passed it lum1l) of solid malleable iron, slape or figure resembling two
inverted saucers, one-third or ilmore buried in tile ground, supposed to weiglh
five or six thousand pounds. It is softer than bar iron. The blacksmith at
Rio Florido cuts off pieces with his cold chisel for horseshoes. It lies upon a
level plain, 20 miles from any mountain.

ACCOUNT OF A METEORITE.

B1 11R EnT SIMSoN.

Shortly before arriving at El Valle, on tlio road from Ilio Florido, io encoun-
ter first streaks of iron-grateful to the lips and alnds, cracked and sore with
tilo lime through which we have lfr some time been travelling, (going north-
ward.) Th'le hill-sides, lwhero bare, now show a reddish color; and vegetation
is not so luxuriant as heretofore. .
About half-way between E'l Valle and Parral, on a blend of tlh oI Fio1'irido,

at a pilteo called ConcIpcion, is ia most splendid specimen of meteoric iron. It
is four feet above ground, and almost pure in quality. It is from two to three
feet one \way ,Iprlobably, two to live feet tile other, very regular in shape,
and, where worn by tie rubbing of lands, &c., of passers by, is bright, and, to
all appearance, is nearly pure metal. T'Ihe steel hatclihet cuts into it easily, lut
with our means at hand we find it iimlpossible to detaclh any part of it. It
stood at the corner of tho house, apparently to gutrd it from collisions of wagons
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and the like. The majordomo said this meteorite had, as he had heard, fallen
from tile heavens, and bad been brought from a distance, from a place where
other specimens also existed. Such we found to )b the prevailing account of
this mass among tlhe people of the pltlcc.

I would state that from La Concepcion to tlhe Rio Grando there is an excel-
lent road leading through Saltillo and MIonterey, and, save in respect to its
weight, there would bo no difficulty in conveying this meteorite. I think, also,
that, being cautiously approached, the Mexicanls would sell it. for a reasonable
sum. The common carts of tlhe country, with solid wooden wheels, couldwell
convey it.

1 extract tlhe foregoing partly from my own memoranda and partly from mleln-
oranda of Jolln W. Audubon, esquire, now deceased, -who examined the speci-
men with me.
At Parral are large works for reducing the silver ores, which are il great quan-

tity in its neighborhood.
[It would appear, from all the accounts we have had from this region, that a

shower of immense meteorites had occurred there at some remote period.-J. 1.]

THE METEOROLOGY OF CARACAS, VENEZUELA, SOUTH AMERICA.

BY G. A. ERNST.

The town of Caracas is situated in a small valley of the northern coast chain
of Venezluela, in latitude 10° 30' 50" north, and in longitude 66° 54' 51S/ west
of Greenwich.

Its altitude above the level of tlle Caribbean sea, at Laguayra, was determined
August 23, 1866, from the following observations:

At lower station, (wharf at Lagtayra,) barometer 760"m1, attached thermoln ter
26°.0 C., thermometer in open air 26°.7 (.; latitude of Lnguayra 10° 36' 15"
north; at upper station, (Plaza Bolivar,) barometer 686.2"'"U' attached ther-
mometer 21°.7 C., thermometer in open air 21°.7 C. Converting the above data
into English measure, we have

Inch.
fi =29.031* t =8-0.06 F. r =-78.8 P.
ftl=27.025 l--71.06 =--71.06

and by means of Baily's tal,les, (see MIanual of Scientific Enquiry, London, 1859,
1) 168,) we find tle differencee of elevation 2923.6 English feet.
As hfr as 1 know there is no one nt present engaged in tllis place iln meteoro-

logical observations. Dr. Alexander 1l1arra kept a journal tfr several years,
but it is now discontinued. With proper instruments, it would give mle pleasure
to register tile meteorological facts. 3My instruments were unfortunately broken
in an ascent to tle billa de Caracas, and( I have not yet been able to rel:lhce
them with new and Ietter ones.

I copy from tlhe " Annuario do Observaciomns de la Oflicina Central del Colegio
de I1geiieros (te Venezuela para el afio de 18i62," tlhe following nmteorological
table flr 1860, constructed from tlhe observations of Dr. Ibarra. The original
record of the tempelrature is given in d(egrles of the Centigrade scale, alnd o tlhe
atlmospheric pressure in units of tile French scale; fioth were reduced to 1Englhish
urlits,which are commonly tusediill the United States. For thle reduction of the
barometric observations I would again refer to Appendix A.

See Appendix A.
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Month.

January ................................

February ................................

March ...................................

April .............................

May ....................................

June ...................................

July.....................................
August ................. .................

September ...............................
October ............................
November ..............................

December ......... ....... ........

Mean tem.
perature.

0

69.28
68.36
69.44
75.01
7:1.88
72.41
72. 32
72.62
75.50
72. 10
70. 19
70. 37

* Iu French iuches.

Mean at-
mos. pres.

Inches.
26. 960
26. 971
26. 954
26. 964
26. 964
26. 975
26. 980
26. 964
26.956
26. 9416
26. 938
26. 959

humidity, Amount ofSaussure's Amont
hyg.

Inches.
71.64 O. 15

66.00 0. 000
7. 70 0.670
73. 10 3.349
68.00 0. 473
68. 65 3. 664
7'2.80 4.452
75.90 4.373
76.40 8. 116
76.90 5.595
76.50 :3.791
7. 85 I 0. 083

Tlho correct mean annual temperatures is therefore 71°.71, and tlic mean
annual barometric pressure 26i"l963; the average degree of humidity 72°.70, and
tlho total amount of rain in 1860, 34.724 inches. The following diagrams show
tlho annual march of tll temperature and barometric pressure, as observed in
1860:

Monthly mean tcmlerature at Caracas in 1860.
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Determination of tec hcighit of the Silla tie Caracas, at noon March 26, 1867.
At lower station (wharf at Laguayra):

barometer 759'u11.32, or 29.904 Inglish inches.
Attached thermometer 24°.2 C., or 75°.56 Fah.
Thermometer in open air 24°.2 C., or 75°.56 all.

At upper station, (top of the Silla de Caracas,) in latitude 10° 31/ 15" north:
Barometer 557"'n.5, or 21.956 Elnglish inches.
Attached barometer 13°.8 C., or 54°.84 Falh.
Thermometer in open air 13°.8 C., or 54°.84 Fab.

IIence ly Baily's tal)les, elevation of the Silla do Caracas 8,658 English feet,
or 5734.5 feet above'Caracas.

APPENDIX A.

[From the Reader, Dec. 10, 1864, p. 740.]

It appears to be tho ordinary practice of instrument makers, when construct-
ing a barometer witli thi English and French scales, to turn to tile tables for
tlec conversion of inches into millimetres, or vice versa, and to assume that the
equivalents there foundaril to be implicitly adopted. I am far fiom blaming
them for this assumption, but merely wish to show that it should in futlrei ceaso
to be acted upon. An examination into tlhe data on which these tables are con-
structed shows that tely merely profess to give the equivalent of English inches
at the standard temperature oj' tle yard (62° F.) in millimetres at the standard
temperature of the metre (0° C., or 32° F'.) Hence the reading of the mletrical
sale of a barometer corresponding to any given number of inches should be tile
tabular equivalent less a correction for the expansion of the scale l)etween tile
respective standard temperatures (0° C., 62° F.,) or for a range of 30° F. (16°.67
C.) It will be at once apparent that, at the same pressure, the amount of this
correction will be constant, whatever be tle temperature common to I/e two scales.
An example will render my meaning clearer. Let tle barometric reading on

the English scale be 31 inches, tlh equivalent of which in tho tables is 787.37
millimetres, based on the assumlppton that the temperatures of tile scales arerespect-
ively 62° and 32° F. If the attached thermometer indicates 62° it is clear that
tile requisite condition is not realized in the case of tlie metric scale, which must
therefore be corrected. Let A be tile linear expansion of brass olr 1° C. =

0.000018782; B tile metrical reading = 787.39'""', and t the temperature = 62°
F., or 76°.67 C.; then
A B t = 0.000018782 times 787.39 times 16.67 = 0.2471"", the amount to

be deducted from tlhe reading of the metrical scale equivalent to 31 inches, as
given in the table, in order to reduce it to tlh same temperature as tile English
scale.

Unless this be done a discrepancy must always become apparent in the
reduced readings of the two scales. For instance,'in tlh case of a mountain
barometer, by one of our leading makers, and now in my possession, 1 find
761.9911"1 are made to correspond (followingtile authority of tleo tables) to 30
inches. If the temperature of tile attached thermometer be 62° 1., tile respect-
ive readings reduced to tile freezing point become 30 - 0.090 = 29.910 inches
at tlio standard temperature, (62° F.,) 761.99 - 2.05 = 759.94L"" at tlhe stand-
ard temperature 0° C., (32° F.) Turning to the tables for the comparison of the
scales, we find that 29.910mu at 62° F. are equivalent to 759.70""" at 0° C.,
instead of 759.94 as above. If tho barometer was properly constructed we
ought to have now 761.75"11", as corresponding to 30 inches, and the figures
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reduced to tile freezing point would be 30 - 0.090 + 29.910 standard inches,
761.75 - 2.0 == 759.70 standard mm, a result which corresponds with the
figures of tle tables.
For particular purposes the case may' be put briefly as follows: At tlhe

respective standard temperatures 1 inchl= 25.39954"mm or 25.4"'1" nearly. At
62° F., and therefore at any other temperature common to the two scales, 1 inch
= 25.4 (1 - 30a)"'", where a equals the coefficient of dilatation of brass for 1°
F. = 0.0000104344, 1 inch = 25.4'""' - 0.008 = 25.392'1"". llThereforl, at
thl standard temperatures 30 inches == 25.4"""1 X 30 == 762'""" as in the tables.
At a common temperature 30 inches= 762.0""" - 0.008 X 30 - 761.760""". In
practice this is sufficiently near, but if greater accuracy be required, the follow-
ing figures may be adopted as the respective equivalents of an inch and a milli-
metre at all common temperatures: 1 inch = 25.39161""" and 1"""- 0.0393831
inches. The following tables are constructed on this basis:

TABLE I.

Inches. Millimetres. Inches. Millimetres. Inches. Millinmttres Inches. Millimetres.
32 = 812. 5312 27 = 6825. 5732 10 == 253.9160 5 = 1'26.9580
31 787. 1396 26 360. 1816 9 '28.5244 4 101.5664
30 761. 7480 25 634.7, 900 8 203. 1328 3 76.1748
29 736.3564 20 507.8320 7 177 7412 2 50. 7832
28 710.9648 15 3d0.8740 6 152.34196 1 25.3916

TABLE II.

mnm. Inches. nlm. Inches. mm. Inches. mm. Inches.
800 = 31.50648 100 -- 3.93831 30 = 1. 18i1493 5 0. 19(i9155
700 27. r6817 90 3.544479 20 0. 77662 4 0.15753241
600 23. 62986 80 3.1150648 10 . 3:933;l1 3 0. 11814'93
500 19. t69155 70 2.756817 9 0.3544479 2 0. (78766t2
400 15.75324 60 2. 362986 8 0. 31506 18 1 0. 0393J31
300 11. 81493 50 13969155 7 0.2756817
200 7. 87662 40 1.575324 6 0. 236(i29J6

The tables to which I have throughout referred are thoso published by tile
Smithsonian Institution, Washington, among their Miscellaneous Collections
and under tlhe able editorship of P'rofessor A. Gytot. (Second edition, Wash-
ington, 1858.)0 F. F. TUCKEILT.

APPENDIX B.

The common method of calculating the annual means of the temperature and
atmospheric pressure from the monthly means is lnot quite exact. 1 presented a

paper on this subject to tile Silesian ,Society for tlhe Progress of tlie Coliltry,
(; Schlesische Gesellschiaft fir vaterlandische lKultur,") of which I lbeg leave to

give here an abstract.
T'IlheInlltly means being the quotient of tile stium of tle daily means by tlhe

lnuillllm of days in tile month, it is clear that we obtaiil that s1liml by multiplyingi
thle given monthly mean by tlie corresponding nIlumber of days. This beill,
done witli all the months composing the year, the stun of these twelve )rolducts
will ble (eqal to tile total sumi of all thie daily means in the year, whlich divided
by 365 (or by 366 in a leap year) gives the true annual mean. T'e difl'erenco
to tie t ntle heland tlo common mean increases with tlhe divergencies of, thl
muonthlly means.

Till( ordinary mean temperature of Caracas would lie, ta:kitg tile numbers
given in tile foregoing table, 71°,707, while tlh true mean is 71°.711; the ordi-
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nary mean barometric pressure from tleo same source is 26'n.962517, the true
iimean 26"'.962515; the first shows a difference of +0°.004, tlih second of
0.000002 inches.

It is easy to prove tllat this diffcrence (J) for a common year is represented
by thle following equation:
4380J =7 (i41+-3+-)-D5+llT-7+l18+-tlio+-i012)--29 )-z-5 (1l4+l'Co+--2lh-iI)
and for a leap year:

732J = (m1l+W33+ l5 +)Tl7+-l +mol0+ml)2)-(4+fl)l+)9+}fn11)-3 m)2
where 1mlm2 i 3, etc, are tile monthly means corresponding to tile first, second,
third, e'c., month.

'l'akingl again tlhe case of Caracaass an exanm1oe, wo find a different for the
2.82thernometric means of 73-- = 0°.0038 as stated abovo, and for tho barometric

0.0016
nClans of--3-- = 0.0000022 as before.

AN ACCOUNT OF A CYCLONE, JANUARY 6 AND 7,1867, ENCOUNTERED BY TlE
UNITED STATES STEAMER MONOCACY, WHILE ON HlER PASSAGE FROM
SIMON'S BAY TO MAUIIITIUS, IN THE INDIAN OCEAN.

13Y NICIOLAS PIKE, UNITED STATES CONSUL, PonT I.OUIs.
Thlo United States steamer Monocacy, lound from Simon's iny, Soull Africa,towards Miauritiuis, met, (during tho passage to tie last-mentioned port, one of

those dreaded tornadoes or hurricanes that swept over the vast expanse of tho
South Indian ocnan. Being myself o0n loard of tile Monoeacy, anl deeply inter-
ested in tlie science of the laws of storms, I succeeded, by careful ilobservations
of barometer and thermometer, by noticing tlbe changes of wind and tempera-ture, and the rising and setting of tlh storm wave, to ascertain pretty correctlythe centre of tlhe hurricane, and (deduce all tlie aforesaid changes of' 1wind and(
weather to tile rules laid down by Messrs. I'iddington and Redfield, ill their
aldmirablo treatise on tlie law of storms; tile oficers of the vessel kindly sipply-ing me with a copy of the log, whicl, if even not very correct, greatly aided
me in tracing the cyclone home to its vortex.
As my object in writing this is not ta desccriltion of tho storm, lbt especiallyfacts anld dates, and arranging such in tables to prove tle correctness of tho

theory of cyclones, I shall previously insert a short description of thlo tempest.''lio whole of our passage, since leaving Simlhon's bay, had beIen a suicession of
bad weatiherl and tile fiew sunny days which we in reality liad were both to
officers and men a veritable blessing; sails wAere repaired(, laimmocks iand bled-
dinig aired, clothes driedd1111(1 mended, and tlie lekss, for the first time quite ldy,
ICsoulndcd inl every direction with the joyous laughter of tle crew, carelessly for-
getting tile past troubles, living only for tlhe present, regardless for the future.
lBut their joy was of short duration. On tilhe evening of tile Gtli of .Januiryl, tlo
sky became gloomy, dark threatenlinig clouds passed swiftly to tlIe inorthward,tile sea rose ahst, andl tile vessel comnllced to roll heavily; bedding andl clothes
were quickly taken below, and everythinll,sel'mtire for tih bad weather again.'TI'e night, from January fto 7, fully justified our anticipations; Ilheay blasts of
will, rain, anll lightning, tlhe rolling of the vessel, tile cracking (f her tiimblers, andthl thunldering noise of a wave breaking nlder tlie vessel's counter, made, I mlay
safely say, even tile oldest seamen on board uncomfortablel, (splEcially as tlho
vessel being new, and her sea-worltinhess to all, even to tile captain, unkitwn1, we
had not that confidence il her which her gallant behavior afterwards during tlie
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following gale inspired us all; sails were reduced, or partly so, by the aid of
the storm, the flapping of the canvas, toi'n to ribbons by the rage of the tempest,
tile loud thunder, tlh occasional flashes of lightning, the rising of a tremendous
wave, showing first its white foaming crest far off on tile horizon, and then
drawing nearer and nearer, till you might almost fancy it would instantly engulf
us, blut our gallant craft rose nobly to tile crest of tile surge. All this was a
spectacle will and fearful to behold, but in its very wildness grand and sublime.
'Thlen, I may say, the metal of our crew w\as tried, and tl -true sailors, both
among officers and men, were found; but alas! how few, out of that great
number! 'They worked hard, sending down masts and yards, repairing or bend-
ing tile storm-sails, or standing at tlhe pumps, knee-deep in water, that washed
unceasingly over the decks. Daylight showed us at last tile extent of the dam-
ages tile vessel had sustained; the paddle-boxes, tllo roundhouses were smashed
in and washed away, the rail forward was stove in, and tlhe heavy one-inchl iron
plates were bent double, tih ring-bolts to which tile heavy pivot guns were
secured started from tile deck, and tho guns threatened with each roll to break
adrift from their lashings; a temporary lull in the gale gave us time to secure
them, and repair damages a little. Everybody hoped for good weather, as the
heavy rain which fell during four or five lours beat tle sea down considerably,
but on the evening of the 7th the storm commenced again. A red lurid light
spread all over the sky, and shortly after tile setting of the sun tile ocean became
furious once more. A tremendous sea breaking over the starboard bow swept
everything before it, tearing away tle gratings of the hatches, breaking the
after sky-lights, and ruling down into tle ward-room and cabin, floating and
drenching everything and everybody. Tho tiller ropes having 1)een carried
away, tile ship, paying off before the wind, became unmanageable; the guys of
the smoke-stack having broken, it was feared that the heavy mass of iron would
descend uIpon us, smashing everything; tlh ship then coming to again filled her
decks witli water, and leaning over to port, remained so long in that position
that even the stoutest heart quailed, and anxiously counted the seconds till at
last the ship rose gallantly again on tile crest of the next wave; luckily tlhe sea
having stove in tile lower ports, tih immense quantity of water found a ready
egress from her decks, and tie vessel, lightened of her weight, rolled lesa heavily;
new Iwhcel-ropes were rove, and tlhe storm having spent its fury abated greatly.
In te morning a heavy shower of rain smoothed down the sea considerably,
and a little before six o'clock tlhe sun rose red and gloriously in the east, in a
fhir and cloudless sky. T1ie danger passed, the heavy puffing and snorting of
tlhe powerful engine showed that the good ship was once more speeding onward,
gracefully throwing the splashing, glittering spray from her bow back into tlhe
conquered ocean.
Taking a scientific view of huricanes and cyclones, and the management of

vessels therein, it is clear that there are three ways of managing a ship in or at
tlhe approach of a cyclone: First, in order to avoid the same, (in case there is
plenty of sea room,) the vessel should be hove to on the proper tack. Second,
it' a ship is caught inside of a storm disk, the only chances to be adopted are,
running before the wind, or heaving the ship to, and the latter, when on account
of tile light or cross seas the safety of the ship is endangered, tile only course
left is to run before tile wind in a tangent direction toward'the inner storm disk,
and then gradually to edge off to tilo outer limits of the cyclone ; and lastly, by
rtuning on the outside of the wind's circle, and even profit by it. But the qlues-
tion is, how to know the approach of a cyclone, how to find the proper bearings
of its centre. Considering then every cyclone as a great whirlwind, tile direc-
tion of every wind as a rotary, of which tilo o.utcr part is a common close-reefed
topsail breeze, such as seamen do not care for, and by which no seaworthy ship
if injured, but tlio violence of the wind increases witli great rapidity as tle centre
is approached, till close or in it, when it becomes of a destructive fury, and even



METEOROLOGY. 479

if this center should have a diameter of 50 or 60 miles, round which the stormI i:]
revolving, our first care must be to ascertain how this point or centre bears from
us, in order to guide our future manoeuvres. Now, as the Monocacy on tle 5thl
of January was, according to her log, in latitude 32° 15' south, and longitude
47° 45' east, the wind marked as E.SE., tie centre of every common wind would
lay, according to proved and established rules of storms, to the E. by N. or

EI.iNE. In tlhe remarks on January 5th it is said, clouds accumulating, cloudy
and danlp, moderate breeze from SE. by E., sent up forctopmast; from 4 to 6,
squally and damp, heavy swell from SE. by E., light winds; 6 p. m., a drizzling
rain, lbut with all these clouds and dampness we find the state of the barometer
as shown in the diagram, tile lowest stand being 30.1; in the diagram stating
the position of the ship and centre hearings, the storm disk with its hourly chanlg-
ing tangent angles is named a moderate gale; the outside circle of a hurricane,
accompanied with a surrounding atmosphere slightly disturbed; the greatest signs
of an approaching cyclone are tlhe oscillations in barometer and symnpicsomletr,
more especially a high barometer with gloomy threatening weather; in tile track
of' the trades and monsoons this is almost always a sure sign of an approaching
temni est.

Looking at the table wo must naturally be surprised to see that, regardless of
all these signs, the vessel was still kept on her course, that is to say between
E.NlE. and NEi. by E. The question naturally arises, can the barometer assist us
in formi ng an approximative estimation of the ship's distance fiom the centre?
And on first consideration, it is evident that there are very great differences in
tie fall and rise of a barometer and sympicsometer, in various storms, though
they may be all true cyclones. Consequently the variations of these instruments
may very often mislead us; but tile shortness of tlhe time in which these changes
happened, the number of barometers which underwent the same changes, was

enough to make even tlhe most careless seaman comprehend the danger and the
close approximation of the destructive centre. But looking again at the barom-
eter and sympiesometer stand of January 5th, we find that it ought to have been
considered, first, the previous height of thie barometer; second, the exact time for
a given\ fall or rise; and third, the change of the observer's position, especially
when running or steaming. The diagram here then shows tile height and tlie
hourly change of a barometer and sympicsonmeter, and tile distance from tlhe
centre is worked out according to Mi. Piddington's rule. Certainly these calcula-
tions are only to be made approximativcly, but coming so near to the truth that
we may consider tile result to be the true centre. Now, as in tio Southern
Indian ocean, tile rate of travelling of a hurricane may be stated to be little
more than nine or ten miles per hour, and especially in the meridian between
Mauritius and Madagascar, the rate generally does not exceed eight miles per
hour, it is evident that with even tlhe little progress the Monocacy made against
a head wind and sea, the course to tile northward and eastward brought her
without question nearer to the focus. 'Tlie weather during the following days
showed no imaterill alteration; the same dark cloudy sky, tile same height of
lbaromleter, slightly varying as by the ship's progress we neared the centre.
Thel table shows the indications of barometer and sympiesometer for the 6th,
7th, and 8th, in her log-book. I find tie oscillations of one barometer and the
vibrations of an aneroid barometer very strongly marked; both are common
signsduring a cyclone. On January 7th, states tle log,the water changed its
appearance to a dark brown color, the sea was running furiously, and in various
directions; the vessel was at that time under storm mainsail, double-reefed fore
trysail, and storm fore topsail, the topsail yard and fore yard on deck, and foro
and main topmasts housed; everything was secured about her decks, and the
vessel kept under just enough steam to hold her own, but still icadiig to tilo
northward and eastward. During the night from tile 7th to the 8th the storm
had reached its climax; it blew the storm staysail out of the bolt ropes, and the
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chip having lost her starboard bulwarks, shipped a tremendous quantity of water,
which flooded her decks; this and the tiller carrying away, her helm shifted
thereby ovec to starboard, and made the vessel pay off before the wind; with
the greatest difficulty a new tiller was shipped, and the vessel again was kept
up to the eastward. In the storm chart it will be seen that the vessel, during
this night, was nearest to the vortex. On the following da:y, the 8tl, the storm
having passed the vessel, no material danger threatened us longer; the )brom-
eter still kept unusually high, and the whole day the sky wore an unusually
bright,appearance; the air likewise was charged with a great amount of elec-
tricity; incessant thunder and lightning were thle consequences. In the afternoon
it was calm, lbut thi sea still ran high, wlicil made tle vessel labor heavily;
barometer at 30.14, the thermometer 74.5 Fahrenheit. At 6 p. m. a heavy rain
smoothed the sea down, and the vessel, after having undergone the necessary
repairs, steamed towards her destination.

But before I conclude this description I can hardly omit a word about tho
origin of cyclones. It appears tome that a simply flattened spiral stream of
electric fluid generates above, and expanding in a broad disk, may amply account
for the commencement of a cyclone. By its descending to the surface of the
earth, and that likewise its onward motion, in such a direction as the law of
force and gravity drives it, may simply account for its continuance, and tlho
oppIression and exhaustion of its force for its termination. Tlie unequal motion
is naturally tlhe consequence of one side of tle disk being more flattened, and
causing tile cyclone to advance more rapidly ; thle descent or settling down of tile
cyclones has in numerous cases been proved ; tlhe appearance of tlei vortexes of
violent tornadoes within the body of great storms is not unfrequent or niew.
A curious )phenomenon was tlhe brightiess of tle sky at sunset on the 7th of

January. The whole horizon became suddenly suffused witll a bright scarlet
color; I (o not remember ever it hapllening before, and even the very zenith andl
all the horizon round was affected by it. All these signs combined were strong
proofs of a cyclone, and the management of the ship should have been acted upon
accordingly. Commanders and officers of men-of-war should strictly consider
the competence of junior officers before intrusting them witl a watch, whether or
not they are able to take charge of one, as courage and daring have during the
late war elevated many a person to ap osition wlich is far above his experience.
Courage and daring are in war two main virtues, and most desirable, but exple-
rience and cool judgment in peaceful times, and during tlih raging of a tempest,
are the most wished-for qualities il anaolicer, whether in the merchltt service
or navy.

But still, looking calmly on the past dangers, I cannot omit to render, next to
God, to tile commander and to some of the officers and crew of the Monocacv
my thanks for a ;afe delivery out of one of those terrible cyclones that occur in
the South Indian ocean.
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Table showing the hourly change nf w'ind, hle course steered, lthe height of
batro nctcr, thermoincter and sy7mpiesomctrrc , ad tcmperaturel oJ water duri//g
the t:yc7onc.

Wind. Course. Bnrometer. i - y ''t 1

1 S'. by I.......... Iatst ............ 5 0. OM: 7-1. :1
2 S . I '1... ..... ...............:; O.( 027 7. :1 C'l udtl
3 SI-. j . ......... EInst ............. : I) 1).7 . 0. :7 74. Do.
4 .S i..t.. ........eat ..... :40. '2 7. 5 0. 28 71.l Ilo.5 81.I;. .... ..... 1.. .......... :0.1 7-2.5 )O. -7 7-1.8Do.
I s1:.1 8.......... I. N..... ..... 30. 72. 0.1O74.x Do.
7 I y ....... IK. .b N ......... 7. 1) , c1)iy.S.' bv .. I. by N ......... ;lI. 11 ('8 1 .
9 S F.,L 1. . yN1 ........ 3i. 15 75.:) 1.016 7'4.Do.

ltI S.S.1,. ....... .......... 3:'. 17 75.0 (1. 01 74. 1 )D .

11 .SSl. I. .... ... ],Nt.. . ....... 3.17 73., 0(.01(i , 1 1 )o.
I SSI;........... I ~ ........... 75. 0 0.015 7-1, 3 1)o,1 -1 Ss E.. ........... I j N ........... :H).1.S I;I).i) N1 A"!. 1Do.
I by B .... . . ........... 30. 15 75.)0 0.015 -1. 1 ).
' .S.

'

. ..... 1,. yI N ......... .i0. 14 75. {' 14 1 Iaiin y.
: ,s,)s 1B . ..... 1 by N .......... 30.14 ( . .(0(15 -1. 1 Dto.
4 Si (tll I.... . ...... .:l. 13 75. 0 10. 01 -1. 5 )o.
.Soltlt'........ ...........t .... .. .i; . : 0. 10 4.,Do.

S t . olithl ......... .. l ,t.st............. . 75..1 .) .g gale.
7 S. t \ .......... I'ast .. ......... . (. 15 7. . is i 71. S rog ga
8 S. t \V ......... 17n.a.t ..7............ . 15 75.2 1. 1.8 -.1. 1o.
9 .S. bI V 0,,.. ............... 1.. .5 '6.. (V. 71.1 1)o.
10 S. bY\\......... linst ............ 3.. 20 70. 2 ,. 07 71. 1' I )o.
11 S. bIv' V......... st ........... .. 'l2 :(. 07 74. I 1 Do.J, 8. by\... ..... I:asl....... ...... :I. 21 76. 2 o. 0775. 0o.

TI h'greatestht ight of lbarolmet er................ ..... .......... ....................... :0.
'T'llt I\o st lald of br;talronlter .. ............................ .............. 31 . 1
'l'e Jowt .it saltld of symlpiesomneter .. ... ....................... 0.07

SOME OI.SEI1VATIONS ON THE GIREA.T I[URRlIC'. E OF OCTOnER 29, 1567, AT
TORTOLA,, (OR PETEI'S ISLAND,) ST. TIIOMA.S, AND I'PART OF POIITO RICO.

BiY GCEOuG A. LATIlMER.I

Wbal: is usually called tlhe great liurricane of 29th October, 1 67,7shlould, it
seeCIS to me, rather1be called a tornadol, r a numIller of to1frnad,s, allllmstjoinlel
:and moving nearly together, for lief1 l lo,,wing reasoNlls: Ii'ric:liiines(xtelind farl
and a'e wide ; this OCciierri(coCitec( eo(l 291i1 ()ctober was slilrt ill extent tin
in1i'row. It apl)ears to nhave be1,1n at'',rtola, ('eter's island,) at 9 a. in., witi
wind at northeast, and lasted until 1.20 p1. i., wind ,,in :ll ,llroiidl tlie (oa1111)Ss,
the hardest heiing from northwest.
At St. Thomas it )began at I0 a. .11, with \wiind from northeast, and a heavy

rain; att I 1.1.5 . i. calm leil /.15.). in., when wind came finuions from west,
and bleow until 2 p. i.; then a dead calm nllil 2.:0 1). mi., when the wind (calie
will f'11 fr'om thle cast,taccomnl)lliedtlby talavy rail an aI whlitel atlloslphere.
I'This, tle secolld and most terrific parl, laistled nltil .151 . m., whien it fell calm,
andl tile night iLflowini was ch('ar, witl a briglIt slky. While tlhe wind was
,lowing s() hard from the east, tile blarolneter fell 14 1 lines, and reI(mailud so lor
30 imlilintes.
At east end of Potlo Rico, say Faijardo, Nal,1na,, and 1llhnacal, it beIan at

1I 1 i ., w'il wind from nlortlhlist. ll;l,,t(,so(itilllast 1,and1 soullll Ilil 1.15 1p
m., tlhen calm until 2 1). Im., when tile wind calle from northwest, 1anda1 1 4 1).1
it enirlcltlea(sed, and tlie eveningg' ad ni"llt fotllowil)ng wro calm. Diirg tle
violence of the wind, ()lit thle lo111' is int given,) tlie sea ros' iln Fajardo and
IIIlIcI(cncao about fior feet, ov\erlowii,\' the beaches aind all tle store yards lor a

very great distance.
31 s
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At Loiza (going down the north side) it began at 4 p. m., with wind at north,
siliitlilg to northeast, an(1 lasted until 10 p1. in., when the wind tabated, bout it
rained heavily all the night.

At tle city of' .-t. JohiI's, (going down tile north side,) it commenced at 4 lp.
m1., with wind fromi nJ(orlI, adl1 lahste(d until 10 1). n. Ilero it was Inot sever(, and
no (lam11rage (lone ; neither lwas there any o(1ii further down the iiorth side of the
island, built there was a heavy rain, causing floods in the rivers, &('.

At Arrovo, on the south side, it legan at 4 1). in., with wind from east, )barm-
eter 29.09 ; at 7 1. in. blarometci' at 29.15, and wiIl(i changed to south, and blew
verv hard until 9.:0 1). il., when it was all over; and it (lues not appl)eart to havo
go(ne further ownii tile solth side of 'ol.to Riio.

'1Tl'is, the course of it seei.ms to have been striking:
1. T(irtoh(, (o('l)Peter's islandd) at 9 a. Ji., wind from northeast;
2. St. T'lhmas, 30 miiles to leeward, at 10 it. il., wind lnrthealst;
3. l'(rto lico, east end, 28 miles to l(eward, atit11 . inl.,win(d northeast

north side, Iisa, 20 miiles to leeward( atl i,t 5 ). m. ind north ; city of St. John's,
20 mIiles to leeward, at 1 1). 1m.,,wind north ; south side, Arroyo, 64 miles to lee-
ward, at 4 1. ill., wind east, and not going further westward than St. John's (on
the north and( Arrovo on tie sotlh sie; to that it cut across Portot l ico fi'li
Inorth-nolrtheast to south-soluthwest in about one-third of its length,lmkillng""(at
destrulctiol in tihe trees on the Imomtitains andiin tle toolsof those (o thIe plaits
and low lills,ias is to Ie seen and1( traced throughout its wiole course(; and :!s
tle lower two-thirds of the islan( were not iljulred by the winds, only by h(.avv
rains, it slows the tornado passed oif to south-southwest, or disallppeared u;w\\:lads.
That it (lid not extend( frlrtlher to tle eastward is proved by the arrival of vessels
at St. Thomias tle next (day without their having felt it; whereas, had it hliee a

hurricane, fromll their position they should have felt it. So, also, a vessel bIouid
into Arro(,, and another from Arr)oyo to IlIllacal, seeing tile weather 1,lok
thrleatenin!g, stood to thlie soth,antd only\ lad a strong lnrtheast wind all light,
going into their respective ports of destination the next morning, to find theru
had been a tornado passing over both places."""`"~""""""1""""'
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QUESTIONS PROPOSED FOR COMPETITION BY TIlE ROYAL DANISHI SOCI-
ETY OF SCIENCES, 1867.

CLASS OF NATURAL IISTORY ANDMN\'1']11 T'.:s.-Qu(stionO f natural
histlor.-Altlouglh the lichens have been tlhe object, in late years, of vely pro-
foit1nd researches, (especially on lte part of MMAL. 'I'lllasne, Nvlander, Tll. Fries,
and( Speerschneidclr,) there arc still many points of gre.atterstintstin their lilf. and
development, respecting which olli klilowlcdge rellains vley incomllllete.

Although M. T'ulatsne had demonstrated( il 1;85,) that all 1til liches( are fr'-
nished with a special organ, (slperll1gorie wlitll tle splerlllltia,) and his resear;lles
render it mlore ttlha) pr'batle thaIt this organ mlst serve fior felicnmidatiIn land col-
reSl)ond to thli male repr'odilive organ, there lths, tells far, been no observant ion
inmafde nor experiment, which mighl t establish conclusively that tlie oiiga in
(ql'estion fllfils that fillction. We h'lv,I' nreovTer recent (observatiolns (of
MM.5. Hicks anld Iary) which prove tllat there altr cerc tain species of(coliitlce
which stand il generic relation to plants which have been heretoo'tre considlere(l
tas types of algae, (Nostoch:cew, .Chrol (ccacet;) Ibut tile true Ilatture ot' that
relation is still comIpletely Iunknown. It. results, iIstly fionim recent researches,
thlnt there reareprodl(ulctive oIfrgis ()pothecieu) willJtiot :1 thallis, which appela
to sibsist as paIrasites on tle tlhallils of otherr species. They hlave been classed
as distinct species or geinera in a family apart, (the pse(ldolichens.)) or considered
as chamlliglons or special organs ofl thle plants on which they live(. The trtle
nature of these orga:lislls 'organs is t Cerelore still very enig 'tical. 'IThe
society proposes its gold medal tas a reCo(lil)lpelle ftor the sol utillon, il a salit'actory
maner, of olneo more of these three points.

Question op';aldhcmlicsf.-T elot11ntial may be reduced to a more general
formt, 11e.n the ari'able,1, in tile fttuction 2 '-,is considered as aI function of

t--, t being a new variable andl aa constant. As the potential thils gr(ii-
eralizcd may receive ailllica'tions Imiuchi more rf tended, ttle society desires tlhat,
I)esides a recital of tlet principal l'(I ositiosllS ltellt.olilre knill(wni\ ill reltioll to (his
fuilction, an ilvestgationl stetiet Il'tuictiionm should Ie sulbmiittdt to it ulttlcr
tlhe form above illlicated.
CLASS OF I.is'rolY A NJ) P'lJI SOsI'IY.-Qt( estiol q(f historyam lJtilotif/yl.-

llow have tie classicall Latin allIthlt)rs beetln aipreci;ated anld how( fIt' m(ha te(.y
been made tuse of )by thi grat1iill'mari1ans ofl tlhe time of tilie ell)pire aIIl Ityt lieir
schools ? lWhalt influence was exerlte(l by his atl)preciatilonand this its( on tlie
preservation or disappearance of literature, and1( howntmchi ot' the literatl're (if
antiullity illay be e'stililated to Ihave rel:lained in cirltlationl orl to have bteen
accessible, abioultr500 years after Jeslu ( r'list ?
The answers to theset(ltestiolls Imay ibe written illatin, rnchl, 'Englisi,

German, Swedish, or ])anish. Thle Imellirs should nIot 1be'uti(ahe lilea of' ftlit
author, but a lotto, and be accompanied by a sealed note distitilished by tlte
sample llmotto iandui elnclosillt the name, pl)r(Sfesiol, and address, of tle author. The'
members of tlhe society who reside ill Denmark will take no ):l'rt in tlite coillpe-
tition. Tlil recompense accorded forl a satisfactory eply to one l'tieftheiro(lIMtd
questions, will be tlie gold Itedlal of t it, otlie (i of ival.e of 5() Danish ducats.
Thle etl)lies nust be addressed, before tlhe e(nd of' October, 188tto the secret ar
of the society, Professor J. Japetlls S1a. StCcInstrIp.
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PONTIFICAL ACADEMY OF Tll',E NUOVI INCEI.-PROGRAMME FOR THE
CARPI I'RIZE.--ROME, JUNE 12, li68.

The academy, with the view of conferring the annual prize founded by tle
generous testamlentary provisinii of its latte associate doctor, Pierre Cal'l)i, plolpoes
the dtevelolpmenit of tlie lfll\owing theme:

To colmparie iviti one anotherfte tides of the principal ports ofa'll the Italian
coasts, and to appreciatee and cplainl their dil)'rCnlccs.

EI'xLAxNATON.-Galileo rlad occupied lhilself' willthe flow andebbl of tile
sea.* But in his time, that is to say in 1616, neither the true doctrine of univer-
sal alttractitn nor tie higher analysis was known\; it was not possible, therefore,
to indicate til( principal causes of tile pIhenloienion in question. Notwitlistanding
this, that illustrious .inceanllisollgt,t titwo andl hall' centuries ago, to investigate
tlie lprobable reasons which case tile tihw and ebb of tlhe sea to he Imore selnsi-
le in tile Adliatic, anid (.specially at Venice, than oil the coasts of the Mediter-

raianl. It thlius allears tlat olri sulbject wats, inl part, considerediby tile glorious
ref(orimer ofl tlie, doctrines of Aristotle.

II its discussions tilhe proposed theme should be well developed, yet all that
d(ois nliot strictly pertain to tlhe Iluestion should be avoided, without, however,
going , o flal as l l,suplrelss anything w\hillh may conltriblCte to give clearness and
force to the deimlnstr'ations. It will lit of' great service tto e author totie
ac(ultainted with tihe researches res)pecting thel tides already executed by physical
get gra11 hers,1sucI,i 11r iIJstanice, as IIm1ulboldt, Whewell, Iuhlhiock, BeIrghauts,
(.eriir, 'iThomson, M.ii'v,1 )essio, Chiezallon, &C., and also b)y thie modern
g'(oim(Iers, Lala('ve,l el,ellay, an(i otl(1hers.

I'lle aut11'or sh11ld 1,aveIrecom'rse to sources, eitller official or entirely worthy
of cfrdit, f;r till( observat ions whichh have bIeell madel on tIIe cotelnl)pra0eoul.sness
of tiles, on theii(diiflerelllcee iln ioint of timi(i, ILan sIhl)ld indicate whence lie hIas
(ohlec.ted those iobservations. le sliuld also state tlhe intervals which separate
hig1;i tid( I le1m1Ihelunar ciuhiinatio, and likewise its maximum, miniliiium, and
m(ean oldillnary or extlra'rdinaryhlighlt, at the syz.ygies and at the e(pqinoxes,
lidelr t e in llufi(n1ce of (cer(lait winds. ad onl occasion lof considerable cliaIngs of
atmospheric pressIure, &c. All (lie Iphysical or geographical circ(miistances which
modiil lite uistil ('rsei( of' the tiles sliould be giene'ally Stated(, Land (e'plana-
lionis filuriished. Aiibov.\al11 it is Ire(tuisite tti iinicatei lthe auises of the difll'fereces
!obiservedI between tlec tides of1' lii, principal sports o'f all tlie (coasts of Italy.
'Fililly, it is 1('trctmlll'llde tlat t1li arlm'iiieit slitilt l(e developed also in its
r'eaitions to iimaltlicllatical amlmlysis, takiltg as a guide chllify wliat llas 1 eenl pib-
lihltc I n hIlis suilbject by tlie illuist ri is; Laplace ill his iM'cc iqiue cu'lc'stc. But
itf h(e nihlrfindsthal t our ll .im(e ilter. n»lt, I'lrti its nature, pt)'Iliitl tli:applica-
titl (of analysis, lie slilulticlearly set ftl;,rii tie (tillicult ies which oppose thl(m-
sIl ves Io ti lie: Ittlelmpt.

AItlitllgll ill stric('tiess tie thiemie silill)ly deianiitdls a sei(.'ltific study and explana-
tiitll of (lie tildes il t lie pililicipal pl)irts of Italy, byv reasoll Ilantt tlese o1i'r a

greater interest, yet t li a('a:lllIl \\iill receive with thallilfulne.ss, olbserva'tions
anidelr(.s'ntches oil tlie tides at every ithller point of thle Italian coasts, whether in
I it' islantls or l ti,1.;t t' tinl t.

(C(ONI)'ITIONS.-1. The Ilmemoilrs on tlhe prl'tloosed theme should lie1 drawn up
either iin Italian, Latin, or French; no tli'er lainigage is admissible. 2i. Each
eiii('iiiir w\vill (be plree.ded by an t.ligraph, whli(ch shall lle repeated o0i tile(utsitde
ofr It :.al(ed envelope,co((tainiig lie amllie adti a1(hlress of' Ile author. 3. ()Inly
lie( e(lnvelope corre.ltponding to tile miemlloir which shall obtain tlie pri'ie will ibe

"A minullseril)t treatise oin liis Iphysico.gelgriphiiieal p)llhlllnomnli mIay i)o t'iiun(l ill tihe library
of tle 'Vaticlll ; it Coiuttiiiis i highly iiiterestiigr iiutitgrnaplic f'roiitispiuto ofCialileo.

t Le opere di Galileo (uitilei; t. 1', Flurenc, I84I', p. 4l8, and t. 11, Florence, 1t43, p.
4UU.
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opened. 4. If tile authors 1ho) shall have ol)tained an honoral)el mention desire
that the academy should pul, lish their inames, tley must make a request to that
effect within the four months following the day on11 which the prize shall havo
been decreedl; at tie endl of that term thie envelopeC will 1,e burned without
being unsealed. 5. With the exception of its thirty melllbers in ordinary, tlio
academy invites tice competition ol all persons, whatsoever their nationality.
6. Eachl memoir, with its correspondingl envelope, must be sent, fiee of postage,
to tlie ncaldemy before the last day ouf ctober, 186LS, the late at which the com-
l(etition closes. 7. 'The prize will )be awarded by tile academy in the month of
January, 1870, and will consist of a gold medal of tlio value of a thousand
livres. 8. 'The successful memoir will hb( I)pullished wholc, or in extracts, in the
acts of the academy, and tlhe author will receive fifty copies.

B. VIALE PRELA, President.
P. VOIPIOELLI, Secretary.



ABBREVIATIONS USED IN ENGLAND IN 1867.

COMPILED BY W. I)E LA RITE.

A.-Associato.
A. B.-Artimnl Ba3ccalaurcus. Bachelor of Arts.
Abp.-Archllbishop.
A. C.-Anno Christi. In the year of Christ.
A. D.-Anno Domini. In the year of our Lord.
A. I. C. E., or A. Illst. C. E.-Associato of the Institution of Civil Engineers
A. M.-Annom AMindi. In the year oJ th/e world.
A. M.-Artitm Magistcr. Matlcser of Arts.
A. M.-Anto Meridiem. Forenoon.
A. 1l. A.-Associatc of the Royal Academy.
A. It S.A..-Associate of tlle Rovtl Scottish Academy.
Bart., or Bt.-Baronet.
B. A.-Bachelor of Arts.
B]. C.-BIefore Christ.
13. C. L.-Bachelor of Civil Law.
B. D.-Bacheclor of Divinity.
B. L.-Bachelor of Law.
131p.-Bishlop.
B. Sc.-IBachelor of Science.
C., or Ccnt.-Centum. A hundred; or Clhp.-Chaptcr.
Cam., or Canltab.-Callll ridec.
C. B.-Compall ioni of tle 1Bath.
C. 1.-(Civil El'ngJileer.
Coll. Reg. Clhir.-Rloyal College of Surgeons.
Coll. IReg. MAed.-Rltoal Collego of Ph1ysicians.
C. P. S.-Custos Privati Sigilli. Keeper fI the Privy Seal.
Cr.-('Crdclitor.
C. S.-Custos Sigilli. Keeper of the Seal.
C wt.-I-lundred weight.
1).-F'ive hundred.
:d.-De),narilus. A penny.
1). C. L.--)octor of Civil Law.
1). D.-I)octor of Divinity.
1) J.-D)ei (lratiaL 1Jy the G(;'tce of God,
D)o.-I)itto. The sime.
Dr.-l)ottor, or )Debtor.
I). Sc.-I)octor of Science.
1). V.-D)eo volente. Clud willing.
Dwt.-Pl(lnnyw(eighlt.
E. C. P.--IEvantgelii Christi I'r:taicator. IrcacCer of te1 Gospel of Christ,
e. g.-Pxeinplli grati:. br' exc.cample.
Eq , or E(lues.-Kniglt.
Esq.--Esquire.
Ex.-Example.
Ex, or Exr.-Executor.,
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F. C. P.-Fellow of tile College of Preceptors.
F. C. P. S.-Fcllow of the Cambridge Philosophical Society.
F. C. S.--Fllow of the Chemical Society.
F. D.-Fidei Defensor. Defender of tec Faith.
F. G. S.-Fellow of the Geological Society.
F'. II. S.-Fellow of the Iorticultural Society.
F. I. A.-Fellow of the Instituto of Actuaries.
F. L. S.--Fcllow of the Liinaean Society.
F. R. A. S., or F. R. Astron. S.-Fellow of the Royal Astronomical Society.
F. 1t. B. S.-Fellow of the Royal Botanic Society.
F. R. C. S.-Fellow of the Royal College of Surgcons,
F. . I.I. . A.-Fellow of the Royal Institute of British Architects.
P. It. S.-Fell,ow of the Royal Society.
P. It. S. E.-Fellow of the Royal Society of Edinburgh.
F. It. C. P) -Fellow of the Royal College of Physicians.
F. It G. S.-Fellow of the Royal Geographical Society.
P. S. A.-Fellow of the Society of Antiquaries.
F. S. S.-Fellow of the Statistical Society.
F. Z. S.-Fellow of the Zoological Society.
G. C. B.-KnSight Grand Cross of the Bath.
1I. E. 1. C. S -The IIonorable the East India Company's Service.
Ilon.--Ionorary, Honorable.
lion. Memr.--lonorary Memnber.
It. M. S.-H--Ier Majesty's ship.
11. M\ . S.S- er Majesty's steam ship.
lIt.. I.-I is or Her Royal Highness.
11., or Ihid.-Ibidemi. In the same place.
Id.-Idlem. The same.
i. (.-Idl est. l attt is.
1. C. S.-Indian Civil Service.
1. 11. S.-lesus I-lominmn Salvator. Jesus, the Saurour qf mankimL
I. I. + S.-In lhae cruce salus. Sifei'q in this Cro.ss.
I. 1'. I).-In praesenttiU Dominorum. itn presence of the Lolrds.
J. P.-Julstice of' the Peace.
K. B.--Knight of the Bath.
K. C.-lKnight of thel Crescent.
K. C. B.-K-lighlt Comlimander of the Bath.
K. C. G.-Knight (Cominander of' the OGuclplhs [of IHanover ]
K. G.-Knliglht of the Garter.
K. (i. C.-Knliight Randnd Cross.
K. I1.-Knight [of the order of the Gue'plhs] of Ianover.
K. P.-Knight of' St. trickic.
K. 'l'.--Knighit of the Thistilc.
Kt., or KlIt.-Klnight.
],., or Lib.-Libra, a pound; or Liber, a book.
IL. C. J.-Lord Chief Ju.stice.
L. D.-Lady l)ay.
Ldp.-lordlship.
LL. B13-Lcginm Baccalaureus. 1hu'ICelor of Laiws.
]IL. ).--Legun D)ctor. I)JcOlr,f/' Lats.
L. S.-Locus. igilli. 2'The placc olhe seal.
M.-Mille. A IhousIand.
M. A.-Master of Arcs.
MN. 1., (Latin.) or B3. M., (English.)-Bachelor of Medicine.
M.I. 1. .S.-Member of the British Mleteorological Society.M., C.-IMember of Conglress.0
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M. D.-Medicine Doctor. Doctor of Mfedicine.
Memr Corr. or (Jorresp.-Correspon(ding Member.
M. I 0. E., or M. Int. 0. E.,-Member of the Institution of Civil Engineers.
M. L A.-Memlbr of tle Legislativo Assembly.
M. L. C.-Member of the Legislative Council.
M. I'.-Memlber of' Parliament.
M. R. A. S., or M. It. Asiat. S.-Member of the Royal Asiatic Society.
M. It. I A -MeImber of tlle Royal Irish Academy.
M. 11. S. L-MIerul r of tle Royal Society of Literature.
M. S -Menlori Sacu.Sm. Sacred to the memory.
M S.-Manuscript. M1SS.-Manuscripts.
Mus. 1) -)octor of Music.
31. W. S.--3ember of the Wernerian Society.
N. B.-Nota bench. Mark wcll.
1M. I.-Menemilr of the Royal Institution.
Nein. con., or Nem. diss.-Neminu contradiccnto, or Nomino dissentionte.

lVithout opposition) unIanimously.
No.-Numnber.
N. P.-Notary PubHc.
N. S.-New Style.
Oxon.-Oxford.
Oz.--Ounice.
P., or Pres.-Presideni;.
Parl.-IParliament.
P. C.-lPrivy Councillor.
Ph. D.-Doctor of Philosophy.
P. M1.-Post uieridem,. Afternoon.
P. S.-Postscript.
Q. C.-Queen's Counsel.
q. d.-Qilasi(lcat. As if he should say.
q. d.-(uasi dictum. As if it were said.
Q. E. I).-QuCod crat demonstrandum. Which was to be demonstrated.
Q. E1. F.-Quod crat faciendum. VWhich was to be done.
Q. S.-Quntnmlm sufficit. A sufficient quantity.
Q. V.-Quod video. 1Hh7ich sec.
ltp.--Recilp. Take.
It. I. A.-Royal Irish Academy.
It. A.-Royal Academician.
It. A.-Royal Artillery.
It. E.-Rloyal Engineers.
It. II. A.--Royal Iibelrnian Academy.
Reg. Prof.-Regius Professor.
Rev.--Reverend.
It. M.-Royal Marines.
It. N.-Iloyal Navy
ltt. lion -Right Ionorable.
lit. W\\lpfl.-Right Worshipful.
Sc., or Soc.-Fellow.
S. C.C.-Solicitor of the Supreme Court.
S. T. P1-Sacro-Sanctm Trheologite Professor. Professor of Divhifty.
Uit.-Ultimo. Last month.
T. D.-Theologite Doctor. Doctor of Theology.
Trust. Brit. Mus.-Trustee of the British Museum.
V. D. M.-Verbi iD Minister. Minister qf God's word.
V. P.-Vicc-President.
W. S.-Writer to the Signet.
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