


*9i;

.



%^%-*\

j?.<ii;'.*<^

CC













40Tn CoxCxEESS, ) SENATE. ( Mis. Doc.

2d Session. ] \ No. 86.

ANNUAL REPORT

THE BOARD OF REGENTS

SMITHSONIAN INSTITUTION,

SHOWING THE

OPERATIONS, EXPENDITURES AND CONDITION OF THE
INSTITUTION FOR THE YEAR 1807.

WASHINGTON:
GOVERNMENT PRINTING OITICE.

1868.



IN THE SENATE OF THE UNITED STATES,

May 30. 1868.

Resolved, That live thousand additional copies of the report of the Smithsonian Insti-

tution for the year eig'hteeii hundred and sixty-seven be printed—three thousand for the use

of the Senate, and two thousand for the Institution; and that said report be stereotyped:

Proridfd, That tlie apfgretjate number of pages of said report shall not exceed four hundred
and fifty, without illustrations except those furnished by the Institution.

IN THE HOUSE OF EEPRESENTATIVES,

June .5, 1863.

Resolved, That there be printed five thousand extra copies of the report of the Smithsonian
Institution—three thousand for the use of the House, and two thousand for the Institution

—

and that the same be stereotyped at the exi)ense heretofore provided for.



LETTER

SECRETARY OF THE SMITHSONIAN INSTITUTION,

COMMUNICATING

THE ANNUAL EEPOET OF THE OPERATIONS, EXPENDITURES, AND CON-

DITION OF THE INSTITUTION FOR THE YEAR 1867.

Smithsonian Institution,

WasUngton, May 29, 1868.

Sir : In behalf of the Board of Kegents, I have the honor to sub-

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

operations, expenditures, and condition of the Smithsonian Institution

for the year 1867.

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

JOSEPH HENRY,

Secretary Smitlisonian Institution.

Hon. B. F. Wade,

Fi'esident of ilie Senate.

Hon. S. Colfax,

Speaker of the House of Bepresentatives.



AMUAL REPORT OF THE BOARD OF REGENTS

O F THE

SMITHSONIAN INSTITUTION,
SHOWING

THE OPERATIONS, EXPENDITUEES, AND CONDITION OF THE INSTITUTION

FOR THE YEAR 1867.

To the Senate and Eoiise of Bepresentatives :

In obedience to the act of Congress of August 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 the 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 Conimittees.

3. Proceedings of the Board of Regents.

4. Appendix.

Respectfully submitted.

S. P. CHASE, Chancellor.

JOSEPH HENRY, Secretary.
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PKOaRAMME OF ORGANIZATION

SMITHSONIAN INSTITUTION

[PKESENTED IN THE FIRST ANNUAL REPOET OF THE SECRETARY, AND
ADOPTED BY THE BOARD OF REGENTS, DECEMBER 13, 1847. J

INTRODUCTION,
General considerations which should serve as a guide in adopting a Plan

of Organization.

1. Will op Smithson. The property is bequeathed to the United
States of" America, "to found at Washington, under the name of the

Smithsonian Institution, an establishment for the increase and diffu-

sion of knowledge among men."
2. The bequest is for the benefit of mankind. The government

of the United States is merely a trustee to carry out the design of

the testator.

3. The Institution is not a national establishment, as is frequently

supposed, but the establishment of an individual, and is to bear and
perpetuate his name.

4. The objects of the Institution are, 1st, to increase, and, 2d, to

diffuse knowledge among men.
5. These two objects should not be confounded with one another.

The first is to enlarge the existing stock of knowledge by the addition

of new truths; and the second, to disseminate knowledge, thus in-

creased, among men.
6. The will makes no restriction in favor of any particular kind of

knowledge; hence all branches are entitled to a share of attention.

7. Knowledge can be increased by different methods of facilitating

and promoting the discovery of new truths; and can be most exten-

sively diffused among men by means of the press.

8. To effect the greatest amount of good, the organization should
be such as to enable the Institution to produce results, in the way of

increasing and diffusing knowledge, which cannot be produced either

at all or so efficiently by the existing institutions in our country.

9. The organization should also be such as can be adopted provi-

sionally; can be easily reduced to practice; receive modifications, or

be abandoned, in whole or in part, without a sacrifice of the funds.
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10. In order to compensate, in some measure, for the loss of time
occasioned by the delay of eight years in establishing the Institution,

a considerable portion of the interest which has accrued should be
added to the principal.

11. In proportion to the wide field of knowledge to be cultivated,

the funds are small. Economy should, therefore, be consulted in the

construction of the building; and not only the first cost of the edifice

should be considered, but also the continual expense of keeping it in

repair, and of the support of the establishment necessarily connected
with it. Thertj should also be but few individuals permanently sup-

ported by the Institution.

12. The plan and dimensions of the building should be determined
by the plan of the organization, and not the converse.

1.3. It should be recollected that mankind in general are to be
benefited by the bequest, and that, therefore, all unnecessary expend-
iture on local objects would be a perversion of the trust.

14. Besides the foregoing considerations, deduced immediately from
the will of Smithson, regard must be had to certain requirements of

the act of Congress establishing the Institution. These are, a library,

a museum, and a gallery of art, with a building on a liberal scale to

contain them.

SECTION I.

Flan of organizaiion of the Institution in accordance ivith ths foregoing
deductionsfrom the luill of Smithson.

To INCEEASE KNOWLEDGE. It is proposed

—

1. To stimulate men of talent to make original researches, by offer-

ing suitable rewards for memoirs containing new truths; and,

2, To appropriate annually a portion of the income for particular

researches, under the direction of suitable persons.

To DIFFUSE KNOWLEDGE. It is proposed

—

1. To publish a series of periodical reports on the progress of the

different branches of knowledge; and,

2. To publish occasionally separate treatises on subjects of general
interest.

DETAILS OF THE PLAN TO INCREASE KNOWLEDGE.

I. By stimulating researches.

1. Facilities afforded for the production of original memoirs on all

branches ot knowledge.
2. The memoirs thus obtained to be published in a series of vol-

umes, in a quarto form, and entitled Smithsonian Contributions to

Knowledge.
3. No memoir on subjects of physical science to be accepted for

publication which does not furnish a positive addition to human



PROGRAMME OF ORGANIZATION. 9

knowledge, resting on original research; and all unverified specula-

tions to be rejected.

4. Each memoir presented to the Institution to be submitted for

examination to a commission of persons of reputation for learning in

the branch to which the memoir pertains ; and to be accepted for

publication only in case the report of this commission is favorable.

5. The commission to be chosen by the officers of the Institution,

.nd the name of the author, as far as practicable, concealed, unless

a favorable decision is made.
6. The volumes of the memoirs to be exchanged for the trans-

actions of literary and scientific societies, and copies to be given to

all the colleges and principal libraries in this country. One part of

the remaining copies may be offered for sale, and the other carefully

preserved, to form complete sets of the work, to supply the demand
from new institutions.

7 . An abstract, or popular account, of the contents of these memoirs

to be given to the public through the annual report of the Regents to

Congress.

II. By appropriating a part of the income, annually, to special objects

of research, under the direction of suitable persons,

1. The objects and the 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 obtained from these appropriations to be published,

with the memoirs before mentioned, in the volumes of the Smith-

sonian Contributions to Knowledg.e.

4. Examples of objects for which appropriations may be made.

(1.) System of extended meteorological observations for solving

the problem of American storms.

(2.) Explorations in descriptive natural history, and geological,

magnetical, and topographical surveys, to collect materials for the

formation of a Physical Atlas of the United States.

(3.) Solution of experimental problems, such as a new determina-

tion of the weight of the earth, of the velocity of electricity, and of

light; chemical analyses of soils and plants; collection and publica-

tion of scientific facts accumulated in the offices of government.

(4.) Institution of statistical inquiries with reference to physical,

moral, and political subjects.

{5.) Historical researches, and accurate surveys of places cele-

brated in American history.

(6.) Ethnological researches, particularly with reference to the

different races of men in North America ; also, explorations and ac-

curate surveys of the mounds and other remains of the ancient people
of our country.
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DETAILS OF THE PLAN FOR DIFFUSING KNOWLEDGE.

I. By the publication of a series of reports, giving an account of the neio

discoveries in science, and of the chcmges made from year to year in

all branches of knowledge not strictly professional.

1. These reports will diffuse a kind of knowledge generally in-

teresting, but which, at present, is inaccessible to the public. Some
of the reports may be published annually, others at longer intervals,

as the income of the Institution or the changes in the branches of

knowledge may indicate.

2. The reports are to be prepared by collaborators eminent in the

different branches of knowledge.

S. Each collaborator to be furnished with the journals and publi-

cations, domestic and foreign, necessary to the compilation of his

report ; to be paid a certain sum for his labors, and to be named on

the title-page of the report.

4. The reports to be published in separate parts, so that persons

interested in a particular branch can procure the parts relating to it

without purchasing the whole.

5. These reports may be presented to Congress, for partial distri-

bution, the remaining copies to be given to literary and scientific in-

stitutions, and sold to individuals for a moderate price.

The following are some of the subjects which may be embraced in

the reports:*

L PHYSICAL CLASS.

1. Physics, including astronomy, natural philosophy, chemistry,

and meteorology.

2. Natural history, including botany, zoology, geology, &c.

3. Agriculture.

4. Application of science to arts.

IL MORAL AND POLITICAL CLASS.

5» Ethnology, including particular history, comparative philology,

antiquities, &c.

6. Statistics and political economy.
7. Mental and moral philosophy.

8. A survey of the political events of the world; penal reform, &c.

III. LITERATURE AND THE FINE ARTS.

9. Modern literature.

10. The fine arts, and their application to the useful arts.

11. Bibliography.

12. Obituary notices of distinguished individuals.

II. By the publication of separate treatises on subjects of general interest.

1. These treatises may occasionally consist of valuable memoirs
translated from foreign languages, or of articles prepared under the

* This part of the plan has been but partially carried out.
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direction of tLe Institution, or procured by offering premiums for the

best exposition of a given subject.

2. Tlie treatises should, in 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

the present state of the several branches of knowledge mentioned in

the table of reports.

SECTION 11.

Plan of organization^ in accordance ivith the terms of the resolutions of
the Board of Regents 'providing for the tioo modes of increasing and
diffusing knoivledge.

1. The act of Congress establishing the Institution contemplated
the formation of a library and a museum ; and the Board of Regents,

including these objects in the plan of organization, resolved to divide

the income* into two equal parts.

2. One part to be appropriated to increase and diffuse knowledge
by means of publications and researches, agreeably to the scheme
before given. The other part to be appropriated to the formation

of a library and a collection of objects of nature and of art.

3. These two plans are not incompatible with one another.

4. To carry out the plan before described, a library will be re-

quired, consisting, 1st, of a complete collection of the transactions

and proceedings of all the learned societies in the world; 2d, of the

more important current periodical publications, and other works
necessary in preparing the periodical reports.

5. The Institution should make special collections, particularly of

objects to illustrate and verify its own publications.

6. Also, a collection of instruments of research in all branches of

experimental science.

7. With reference to the collection of books, other than those

mentioned above, catalogues of all the different libraries in the

United States should be procured, in order that the valuable books
first purchased may be such as are not to be found in the United
States.

8. Also, catalogues of memoirs, and of books and other materials,

should be collected for rendering the Institution a centre of biblio-

graphical knowledge, whence the student may be directed to any
work which he may require.

9. It is believed that the collections in natural history will increase

by donation as rapidly as the income of the Institution can make pro-

vision for their reception, and, therefore, it will seldom be necessary
to purchase articles of this kind.

10. Attempts should be made to procure for the gallery of art

casts of the most celebrated articles of ancient and modern sculpture.

* The amount of the Smithsonian bequest received into the Treasury of the
United States is $515, 169 00

Interest on the same to July 1, 184G, (devoted to the erection of the buildinfr) 242, 129 00
Annual income from the bequest 30,910 14
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11. The arts may be encouraged by providing a room, free of ex-

pense, for the exhibition of the objects of the Art-Union and other

similar societies.

12. A small appropriation should annually be made for models of

antiquities, such as those of the remains of ancient temples, &c.

13. For the present, or until the building is fully completed, be-

sides the Secretary, no permanent assistant will be required, except

one, to act as librarian.

14. The Secretary, by the law of Congress, is alone responsible to

the Regents. He shall take charge of the building and property,

keep a record of proceedings, discharge the duties of librarian and
keeper of the museum, and may, with the consent of the Regents,

employ assistants.

15. The Secretary 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, \vhich was at first adopted provisionally, has be-

come the settled policy of the Institution The only material change
is that expressed by the following resolutions, adopted January 15,

1855, viz:

Resolved, That the 7th resolution passed by the Board of Regents,

on the 26th of January, 1847, requiring an equal division of the

income between the active operations and the museum and library,

when the buildings are completed, be, and it is hereby, repealed.

Resolved, That hereafter the annual appropriations shall be appor-

tioned specifically among the diff"erent objects and operations of the

Institution, in such manner as may, in the judgment of the Regents,
be necessary and proper for each, according to its intrinsic import-

ance and a compliance in good faith with the law.
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TIE SECEETARY, PROFESSOR HENRY,

18 67.

To the Board of Regents of the Smithsonian Institution

:

Gentlemen: The close of the year 18G6 completed the second de-

cade of the actual operations of the Smithsonian Institution. It was

chartered in August, 184:6; though but little more was accomplished

during that year than a discussion of plans, and the appointment of

the Secretary, the principal executive officer.

On thus commencing 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 the endow-

ment of Smithson, which it is important always to keep in view. This

will be evident when we reflect on the changeable character of the

bodies constituting the guardians of the trust. Not a single Regent

on the list of those originally appointed is now a member of the board,

and indeed, with perhaps one single exception, all the members of

Congressand the principal officers of the general government have been

changed, and in some cases many times in succession. Under these

circumstances it becomes desirable that frequent reference should be

had to the original principles on which the Institution was founded,

as well as to those on which its aifairs are now conducted.

The endowment was one of no ordinary character; it was confided

to our government not by one of its own citizens, but by a distin-

guished foreigner, the scion of an ancient house renowned for its

achievements in English history. It was not 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 behalf

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 eflfect to the diffusion

of a knowledge of old truths, but primarily designed for the exten-

sion of the boundaries of thought by the promotion of the discovery

of new powers of nature, of new principles and new laws of the uni-

verse. Nor was the acceptance of the trust an ordinary occurrence.

It became a constitutional question whether the Congress of the

United States was legally authorized to assume the responsibility and

discharge the duty of a trustee for such a purpose; nor was it until

after the expression of many doubts as to the result, that the accept-

ance was finally resolved on. Again, one of our most distinguished

citizens, Hon. Richard Rush, who had previously represented our

government at the court of St. James, was chosen as the agent to

effect a transfer of the funds to this country, and this he was enabled

to do without the delay of protracted legal proceedings, through the

courtesy of the court of chancery in granting a decree to that effect,

after a mere formal suit to satisfy the requirements of law.

A trust of so novel a character, confided by a prominent citizen of

England, not to his own government, but to that of the United States,

could not fail to attract general attention and place in a conspicuous

light before the world, the integrity, intelligence and executive

ability of the party accepting an ofiice of so much responsibility and

difficulty as that of the trustee of this endowment.

The obligation became more impressive in consideration of the

fact that the trust was accepted after the decease of him by whom it

was confided, aod who could, therefore, give no further indications of

his intentions than those expressed in the terms of his will. It was,

consequently,of the firstimportance that these terms should be critically

studied, logically interpreted, and the intentions deduced from them

be strictly followed. Unfortunately, however, at the time the be-

quest was accepted, the public at large were so little acquainted with

the distinctions of science, or so little regardful of the precise ideas

to be attached to the terms which it employs, that it is scarcely a

matter of surprise that the intention of Smithson, as expressed by the

words "for the increase and diffusion of knowledge among men"

should have been misinterpreted, and that the act of Congress organ-

izing the Institution should include provisions which have since been

generally recognized as incompatible with the leading objects of the

bequest.

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

which it owes to its own character for candor and equity, to cor-

rect, as far as possible, any errors which misapprehension or inad-
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vertence may have engrafted on its legislation, and to remove any

burdens which may have been injuriously imposed on the endow-

ment; and we doubt not from what has been done in the last few

years, that Congress will in due time fully vindicate the integrity of

its purposes, and enable the legacy of Smithson to perform all the

good which his most ardent desire could have anticipated.

It has been evident from the first that it was the intention of Con-

gress to deal not only justly but liberally with the Institution. It

restored the fund with interest when temporarily lost by a loan to

one of the western States, and provided lor its subsequent security

by declaring it forever a deposit in the treasury of the United Stales,

on which six per cent, interest, payable semi-annually, should be

allowed. It furnished from the public domain grounds for a spaciou^

park, as w^ell as a site for a large buildiag; and to increase, as it was

thought, its popularity, the new Institution was made the custodian of

the national museum. These acts, though prompted by a liberal

spirit, proceeded on the erroneous idea then prevalent, that the inten-

tions of Smithson could be properly carried out by an institution con-

sisting of objects of a nsaterial and local character. Fortunately, how-

ever, Congress did not restrict the expenditure of the income of the

fund to these, but allowed the Regents at their discretion to devote a

portion of it in such other manner as in their opinion might be best

fitted to carry out the intentions of the donor.

After much deliberation, with a view to reconcile conflicting opin-

ions, an arrangement was effected by which two distinct systems

were provisionally adopted. The first of these which was included

in the law of organization, contemplated the expenditure of the in-

come in the formation and" embellishment of an extensive park, or

pleasure ground, in which rare and ornamental trees and shrubs of

different species should be cultivated; in the erection and mainte-

nance of a castellated building, which, from its dimensions and im-

posing architectural design, should be an ornament to the city and a

monument to the founder; in the formation of a gallery of art in which

should be exhibited choice specimens of painting, sculpture and en-

graving; in the establishment of a library consisting of works on all

subjects; and, finally, in the support of a national museum containing

the collections of the United States Exploring Expedition, and all the

specimens that might be accumulated from other sources for the illus-

tration of all branches of natural history, geology, ethnology, etc.

The objects included in this system are all in themselves highly

interesting and very desirable for the embellishment and intellectual

improvement of the capital of the United Statec, but they are not in
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accordance with the will of Srnithson, 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 atrictly realize the intentions of Smithson, both as regards

tte 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 the globe.

It further includes in its design the collection and labelling of large

numbers of duplicate specimens, to illustrate the branches above

mentioned, not merely to be deposited in a national museum, but,

also, to be 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 the products of literature of the old

and new worlds, become the common elements of intellectual pro-

gress. This system, which is immediately suggested to those familiar

with scientific language, by the terms of the bequest, is a living,

active organization, calculated to produce, unceasingly, results of

which the value will everywhere be known and be prof)erly appre-

ciated. It was not, however, adopted, even provisionally, as a

prominent feature of the organization without strenuous opposition,

particularly on the part of the advocates of the proposition to apply

the Smithson endowment to found a national library. Indeed the

ideas which it involved were in advance of the times. That an

institution could be established which might have an important bear-

ing on the welfare of the world without the adventitious aid of pal-

pable objects, M'as not generally comprehended.

But though restricted in its operations by limited resources and

subjected to popular opposition, the system has proved in its opera-

tion to be eminently practical, and has established for the Institution

a reputation as wide as civilization itself. It has connected the name

of Smithson with the progress of almost every branch of science, and
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Las 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 desrgn.

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-

ence superior to any in this country, and equal to any which can be

found abroad. As 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.

The two systems, at first carried on harmoniously, though in a

limited way and not without mutual embarrassment, were soon

found 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-

tution to obtain relief from these burdens. It was in accordance with

this that the 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

purpose 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 death. This work, we trust, will soon be resumed under

more favorable auspices.

It was also in accordance with the policy under consideration that

the valuable library which, from its rapid increase b}^ exchanges, had

already exceeded the means at the disposal of the Institution for its

support, was incorporated with that of Congress.

Happily the 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 provision

for the support of such an establishment to which the collections in

this department already formed by the Institution may be trans-

ferred.

2 s
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The next important desideratum is the relief of the fund of Smith-

son from the greatest of all the burdens which have been imposed

upon it, that, namely, of the expense involved in the care and exhibition

of the national museum. For carrying on the active operations a

building not to exceed a cost of seventy-five thousand dollars would

have been amply sufficient, both in regard to the accommodations neces-

sarily required and the architectural embellishments which might be

thought requisite for such a structure; while the present building, the

erection of which was especially urged on the ground of the 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 not less than ten thousand dollars annually

for twenty years has been devoted to the same puipoee, 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 the increased facilities

which have been afforded by the transfer of the objects we have

mentioned to the care of government, yet the absorption of the income

by the museum and the building is so great and accelerative that

unless Congress, in justice to the trust, takes upon itself the charge

of these objects or provides for their maintenance the active opera-

tions must be greatly diminished in efficiency, if not ultimately

abandoned. The reputation of the Institution and of the country is

however too much involved in the continuance of the active operations

to allow them to be abolished or even restricted. Every academy, every

College, every lyceum in the United States, as well as all the literary

and scientific institutions of Europe, Asia, and even those of Africa

and Australia, are interested in the continued success of the system.

Furthermore, it be truly said that to devolve the care of a national

museum on the Smithson fund is not only an act of injustice to the

bequest, but is at once injurious to the reputation of the institution

and that of the government, since the means w4iich the former can

devote to this purpose after defraying other expenses are entirely inade-

quate to the support of a museum entitled to the name of "national."

A public museum, properly organized as a means of popular educa-

tion, or as an aid to the advancement of science, should not only be

furnished with extensive apartments for the proper accommodation

and exhibition of the 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. So extended have these
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departments ofscience become that no one individual can be profoundly

acquainted with more than one or two of them; hence, in order that

a director should properly perform the duties of a curator of an

establishment of this kind, he should have a corps of learned assistants.

For example, for the preservation and practical use of an herbarium, the

constant attendance and supervision of a botanist is requisite, whose

duty it will be to classify the specimens, to render them unassailable

by insects, to arrange them for study or exhibition, and to be always

present to assist those who maydeaire 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 the way of valuable

instruction. It is evident, however, that a corps of such assistants,

supported on permanent salaries, in addition to the other expenses of

the museum, would soon absorb the whole of the Smithson income.

What has been said has reference merely to the impropriety of

attempting to maintain a museum worthy of the nation at the expense

of the Smithson fund, and is not intended to disparage the value

of a complete representation of the natural products of America, with

such foreign specimens as may be required for comparison and gene-

ralization. This we think of great importance, particularly as a

means of developing and illustrating our industrial resources, as well

as of facilitating the study of the relations of our geology, mineralogy,

flora and fauna to those of the old world ; and, indeed, the wants of the

government appear to demand a collection of this kind, since the Med-

ical Department, the Agricultural Department, and the General Land

Office are each rapidly accumulating articles of illustration, and find

the necessity for the permanent employment of persons well skilled in

the branches to which their specimens pertain. With these the

national museum, of a general character, would maintain relations of

co-operation and mutual assistance.

It will be Geen in previous reports, that from the first, in order to

compensate in some degree for the great outlay on local objects,

measures were adopted for the increase of the capital of the endow-

ment. These principally consisted in deferring the completion of

the building for a series of years, and in the meanwhile investing

the money appropriated for itS construction, as well as a portion of

the annual income, saved by judicious and economical management,

in government and State stocks. These stocks, however, were not

permanently secured, and were in danger of being disposed of inju-

diciously, upon casual or inadequate considerations. It has, there-
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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 the regents authorized the sale of all the stocks owned by the

Institution, excepting those of Virginia, and the application of the

proceeds to the increase of the principal to $650,000, Avhich amount

is now 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 feet long, 50 feet wide, with two projecting

towers and a middle space in front, and a single large tower in the

rear, to which portions the damage by fire was principally confined, will

be entirely restored in the course of a few months, with the excep-

tion of the large hall in the second story. These parts of the building,

in which it is proposed to deposit the more valuable collections, are

entirely of fire-proof materials. The cost of this reconstruction will

amount to $125,000, exclusive of that of the fitting up of the large

room just mentioned. The accommodations which will be afforded are

ampl}' sufficient for the active operations of the Institution for all

coming time, and also for the museum, provided but few additions be

made to tlie number of specimens exhibited; but if the increase be

continued—and it is almost impossible to prevent, even if desired,

the growth of an establishment of this kind—the completion of the

main hall and the fitting it up with cases will become necessary, at

an expense of at least $50,000. The other parts of the building,

namely, the two wings and connecting ranges, with six towers, will
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also require, in tiaie, for rendcriDg them fire-proof, a farther cost of

not less than $50,000.

The question then occurs, from what sources are the funds neces-

sary for this purpose to be derived? Fortunately the permanent

capital of the Institution is now secure and cannot be expended. The
income, however, which, injustice and good faith, ought to be applied

to the "increase and diffusion of knowledge among men," should not

be mortgaged, as it were, for years to come, in providing accommoda-

tions for the government collections. Surely the intelligence of the

general public and the moral sense of the community will justify

Congress in making seperate provision, on a proper scale, for the

support and extension of a government museum.

The large drafts upon the income since the fire and the high prices

of labor and materials have interfered with as vigorous a prosecu-

tion of the active operationsas was exemplified in previous years, and

have induced us to discontinue son)e enterprises in which we were

engaged, and to postpone others until a more favorable opportunity.

It will be seen, however, by the following report of the operations

of the Institution for the past year that much has been accomplished

in the way of sustaining and advancing the reputation of the estab-

lishment:

Publications.—The greater part of the expenditures on publica-

tions during the past year has been for the printing and paper of

an edition from the stereotype plates of volume XIV of the Contribu-

tions to Knowledge, and volumes VI and VII of the Miscellaneous

Collections. These volumes had been published in previous years in

a sufficient number of copies to supply foreign exchanges, but owing

to the large demands on the income of the funds on account of the

repair of the building, we were unable at the time to distribute

copies to American libraries. The edition which has now been

printed will, however, serve to make up all our deficiencies in this

respect.

The articles contained in volume XIV of the Contributions are:

1. Discussion of the Magnetic and Meteorological Observations

made at the Girard College, Philadelphia, by Prof. A. D. Bache.

Parts 7-12.

2. On the Construction of a Silvered-glass Telescope, fifteen and

a half inches in aperture, and its use in Celestial Photography, by

Prof. Henry Draper.

3. Palaeontology of the Upper Missouri, by F. B. Meek and F. V.

Hayden. Part 1.
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4. Cretaceous Reptiles of the United States, by Dr. Joseph Leidj.

The contents of volume VI of the Miscellaneous Collections are:

1. Monograph of the Diptera of North America, by H. Loew.

Edited by Baron R. Ostensacken. Parts 1 and 2.

2. List of the Coleoptera of North America, by Dr. Jno. L. Le

Conte. Part 1.

3. New Species of North American Coleoptera, by Dr. Jno. L.

Le Conte.

Volume VII, Miscellaneous Collections, contains:

1. Monograph of the Bats of North America, by H. Allen, M. D.

2. Land and Fresh-water Shells of North America. Part 2. Pul-

monata, Limnophila, and Thalassophila, b}' W. G. Binney.

3. Land and Fresh-water Shells of North America. Part 3. Ara-

pullariid^, Valvatidce, Viviparidge, Fresh-water Rissoida3, Cyclo-

phoridas, TruneatellidsB, Fresh-water Neritidas, Helicinidas. By W.

G. Binney.

4. Researches upon the Hydrobiinse and allied forms. By Dr.

Wm. Stimpson.

5. Monograph of American Corbiculada3, recent and fossil. By
Temple Prime.

6. Check-list of the Invertebrate Fossils of North America, Eocene

and Oligocene. By T. A. Conrad.

7. Check-list of Fossils, Miocene. By F. B. Meek.

8. Check-list of Fossils, Cretaceous and Jurassic. By F. B. Meek.

9. Catalogue of Minerals, with their formulas, etc. By T. Egle-

ston.

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

egon. By Geo. Gibbs.

IL Instructions for Research relative to the Ethnology and Phi-

lology of America. By Geo. Gibbs.

12. List of Works published by the Smithsonian Institution.

Of the two works mentioned in the last report as being in the

press, the first, entitled "Astronomical, Magnetic, Tidal, and Me-

teorological Observations within the Arctic Circle, by Isaac I. Hayes,

M. D.," has been completed and a small edition printed. A full

description of this paper was given in the report for 1865. It

forms a quarto volume of 283 pages, illustrated with six charts

and fifteen wood-cuts. The principal chart shows the discoveries,

tracks and surveys of the Arctic expedition of 18G0 and 1861, pro-

jected on a scale of 1 to 1,200,000. Another chart shows the vi-

cinity of Port Foiiike, the winter-quarters in 1860 and 1861 of the



REPORT OF THE SECRETARY. 23

expedition, projected on a scale of 1 to 170,000; a third gives the

Iso-magnetic lines in the vicinity of Smith's strait, and three other

plates illustrate the series of tides at Port Foulke.

The second work published during the year is "Results of Me-

teorological Observations made at Brunswick, Maine, between 1807

and 1859. by Parker Cleaveland, L.L.D., Professor in Bowdoin

College," Another quarto work in press, and nearly ready for dis-

tribution, is entitled: " Results of Meteorological Observations made

at Marietta, Ohio, between 1826 and 1859, inclusive, by S. P. Hil-

dreth, M. D. ; to which are added, results of observations at Ma-

rietta, by Mr. Joseph Wood, between 1817 and 1823," which have

been reduced and discussed at the expense of the Institution, by

Charles A. Schott. For an account of these works see the part of

this report relative to meteorology.

Additional copies of the following works have been printed during

the year from the stereotj'pe plates: Draper's Telescope ; Whittle-

sey's Drift; Meek' s Check list of Fossils ; Catalogue of Birds; Chi-

nook Jargon ; List of Coleoptera ; Review of American Birds ; List of

Publications ; List of Foreign Correspondents. - - ^

The following are the rules of distribution of the Smithsonian pub-

lications:

1. They are presented to all learned societies of the first class

which publish transactions, and give copies of these, in exchange, to

the Institution.

2. To all foreign libraries, of the first class, provided they give in

exchange their catalogues and other publications, or an equivalent,

from their duplicate volumes.

3. To permanently endowed colleges in actual operation in this

country^ provided they furnish in return meteorological observations,

catalogues of their libraries and of their students, and all other pub-

lications issued by them relative to their organization and history.

4. To all States and Territories, provided they give in return

copies of all documents published under their authority.

5. To all incorporated public libraries in this country, not included

in any of the foregoing classes, now containing 10,000 volumes, and

to smaller libraries where a whole State or large district would be

otherwise unsupplied.

Institutions devoted exclusively to the promotion of particular

branches of knowledge receive such articles published by the Insti-

tution as relate to their objects. Portions of the series are also given

to institutions of lower grade not entitled under the above rules to
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the full series, and also to the meteorological correspondeuts of the

Institution.

For the purpose of collecting materials for the preparation of a

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

addressed to the olScers of public instruction in our principal cities,

requesting the use of the architectura illustrations of their most

approved school-houses. This request was readily complied with,

and a considerable number of wood cuts had been received, when
Congress organized the Department of Education, to which it was

thought proper to transfer them, with the understanding that they

should be used in the report to be published under the direction

of the Commissioner. The thanks of the Institution are due to

Messrs. Philbrick, of Boston; Shippen, of Philadelphia; Van Bok-

kelen, of Baltimore; Swett, of San Francisco; Pickard, of Chicago;

Randall, of New York; Brooks, of Springfield, Illinois; and Hart, of

Trenton, New Jersey, for the promptness of their compliance with

our request, as well as for the illustrations actually furnished.

The report for the year 186G, with the appendix, was printed by
order of Congress, and the usual number of ten thousand extra

copies struck off for distribution, 4,000 by the Institution and

6,000 by the members of the Senate and House of Representatives.

It is believed that few, if any, of the government documents are

more in demand by the public than this report, and it has become

impossible to supply all who make application for it. Unless a

larger number be ordered by Congress, the distribution must in

future be more strictly conformable to the rules which have been

adopted, viz:

1st. To colleges, libraries and societies' publishing transactions.

2d. To contributors to the library, museum or meteorological de-

partment of the Institution.

3d, To persons engaged in teaching or in special research, and

to collaborators of the Institution.

The changes in the population of the country are so rapid that we
cannot be guided by a permanent list. As a general rule, the dis-

tribution can only be made to those who make special application

for each volume, excepting donors to the museum and meteorological

observers.

The volume for 1SG6 contains, in addition to the report of the

Secretary, giving an account of the operations, expenditures and

condition of the Institution for the year, and the proceedings of the

Board of Regents to February 22, 1867, the following articles:

A sketch of the services of the late Hon. W. W. Seaton, in con-
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nection with the Smithsonian Institution, and some notices of his life

and personal character. A memoir of Magendie, by M. Flourens,

secretary of the French Academy of Sciences. A translation from

the German, on the senses of taste, hearing, and sight. A lecture

on the results of spectrum analysis applied to the heavenly bodies,

by W. Huggins, of England. A translation from the German of an

article on the external appearance of the sun's disk, and one from

the French on accidental or subjective colors, by Abb6 Moigno. A
continuation of the series of articles, by Plateau, on the figures of

equilibrium of a liquid mass withdrawn from the action of gravity.

The annual report of transactions of the Society of Physics and Natu-

ral History, of Geneva. Original communications relative to the Tin-

Deh or Chepewyan Indians, of British and Russian America, by Messrs.

B. R. Ross, W. L. Hardisty, and S. Jones, of the Hudson's Bay

Company, by Geo. Gibbs, esq. An article on the aboriginal Ameri-

can migration, by F. Von Hellwald, An original paper on Indian

pottery, by Chas. Rau, 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 Ohio. The pile-work antiquities

of Olmutz, translated from a Vienna periodical. An account of anti-

quities on the banks of the Mississippi river and Lake Pepin, by Dr.

L. 0. Estes. Communications on a physical atlas of North America,

by Geo. Gibbs, esq., and on ethnological research, by Dr. E. H.

Davis, with tables of measurements, by Scherzer and Schwarz.

Translation of the prize questions of the International Archeeologi-

cal Congress. An article on vitality, by Rev. H. H. Higgins. In-

structions for collecting laud and fresh-water shells, by James Lewis,

esq. Instructions for collecting myriapods, phalangida3, etc., by Dr.

E. C. Wood. Notes on a plan of a research upon the atmosphere,

by Professor C. M. Wetherill. An account of the cryolite of Green-

land, by Messrs. Lewis and sons. Extracts from the meteorological

correspondence of the Institution, with remarks by the secretary.

Professor Henry. On horary variations of the barometer, by Mar-

shal Vaillant, with note by the secretary. On the formation of ice

at the bottom of rivers, by Mr. Engelhardt. An account of the

earthquake in eastern Mexico on 2d January, 18GG, b}' Dr. C. Sar-

torius. Statistics relative to Norwegian mountains, lakes, and the

snow-line, by 0. E. Dreutzer.

These articles embrace a wide range of subjects, and, with a single

exception, were either prepared expressly for the Institution or

translated from foreign journals not readily accessible to the Ameri-

can reader. The illustrations, seventy in number, were prepared at
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the expense of the Institution. The translations continue to be made

with spirit and fidelity by C. A. Alexander, A. >!., of Washington,

whose services in this connection for many years have been frequently

referred to in previous reports.

Mefeorohgy.—In order to advance those branches of science

which depend especially upon instrumental observations, two kinds

of labor are necessary; that which is devoted to the making and

recording observations, and that which is expended in reducing and

discussing them. The first, which frequentl}^ requires a large num-

ber of observers, as in the case of simultaneous meteorology, fortu-

nately can be performed by persons having a limited amount of scien-

tific training, although the precision and value of their observations

are much enhanced by a critical knowledge of the principles upon

which the observations depend; while the discussion and reduction

require a knowledge of mathematical analysis, possessed by compara-

tively few; and hence it is not surprising that the accumulation of

crude observations should be far in advance of their philosophic dis-

cussion, or that at the present time the great desideratum in meteo-

rology is a full discussion, on a general plan, of all the series of obser-

vations which have been recorded. If this were properly executed, we
should be prepared to commence a new era in this branch of science,

and to direct attention to new points of investigation, from indica-

tions furnished by the discussions.

In consideration of this state of meteorological data we have .con-

cluded, in view of the improvement of the funds, to resume the gen-

eral discussion of the material which the Institution has already ac-

cumulated. We have accordingly commenced this work by the

reduction and discussion of all the observations on the rain-fall of the

North American continent, th(| results of which are much called for

on account of their agricultural, manufacturing, commercial, and san-

itary applications. Observations from upwards of twelve hundred

localities are now in the hands of the computers, and it is expected

that the results will be ready for publication towards the close of

1868. After having discussed all the observations which have been

previously recorded, we shall then be prepared to commence a new
and more extended series relative to precipitation, and for this pur-

pose we have had prepared a large number of measuring scales, con-

sisting of slips of box wood graduated to the tenth of an inch, to

be distributed very generally over the country, with instructions for

the observation and record of rain-fall. After carefully considering the



REPORT OF THE SECRETARY. 27

several forms of rain gauges, we have decided to recommend the

general adoption of a simple cylindrical vessel of three or four inches

in diameter and nine inches high, the depth to be measured by

plunging to the bottom a small slip of soft wood on which the water

mark can be distinctly observed, and measuring this by the scale

before mentioned, the depth being recorded to the quarter of a tenth

of an inch. Special instructions will be given that the rain be meas-

ured immediately after the fall or before any sensible evaporation

has taken place. We have adopted the simple cylinder of uniform

diameter as being less liable to errors of observation than any other

form.

Although the separate observations are not read with the same

minuteness as in the case of gauges in which the depth of rain is mag-

n.ified by a receiver of less diameter than the orifice of the gauge, yet

the average we find from experience in the case of a long series gives

equally reliable results with those in which instruments of apparently

greater precision are employed.

After the completion of the rain tables, our computers will com-

mence the discussion of the temperature of the North American con-

tinent. Were our funds sufficient, we should be glad to include in

the investigation all the observations made on this continent during

the various expeditions to the arctic regions, undertaken by the Brit-

ish government, few of which have, as yet, received that thorough

examination necessary to obtain from them the general truths which

constitute real contributions to science.

We have mentioned in previous reports that the meteorological sys-

tem of the U. S. army was about to be reorganized under the Surgeon

General. This work has been carried on during the year, and a series

of standard instruments has been constructed by James Green, of

New York, under the direction of Dr. Craig, for distribution to the

various posts. Fifty barometers and one hundred and fifty thermom-
eters and rain gauges will be substituted for those now in use.

The number of Smithsonian observers during the year 1867 was

385, and this will probably be increased during the year 1868,

so that a more rapid and accurate accumulation of data relative to

the meteorology of this country will be obtained than at any time

heretofore.

The Department of Agriculture has continued during the past year

to publish the monthly bulletin of meteorological observations, which
is still received with much interest by farmers, as well as by meteo-

rological observers. The preparation of the meteorological notes for
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the present, as for previous years, has been in charge of Mr. Win. Q.

Force.

The importance of meteorological observations in their connection

with agriculture is becoming better appreciated by the public, and

we think it probable that in due time our government will follow the

example of foreign countries in maintaining a more perfect series of

observations than has as yet been established. The average temper-

ature of the year and of the different seasons, the amount and fre-

quency uf rain, the time of early and late frosts, the length of the

"growing snnnncrs" and the recurrence of years of abnormal drought

or of low temperature, are all elements of great value in comparing

the relati\^e capacity of different parts of the country for special

productions. '

We have repeatedly stated in previous reports that our eastern sea-

board is far more favorably situated in regard to the prediction of

the occurrence of storms than the western coast of Europe, since it

has been conclusively shown that the principal disturbances of the

atmosphere in the temperate zone move from west to east. During

the past year the attempt has been made by the Institution to

resume with the co-operation of the telegraph lines the system of

telegraphic indications of the weather which was interrupted by

the war. We have, however, been unsuccessful, and indeed it can

scarcely be expected that without some remuneration to the companies,

the use of the telegraphic wires aiid the time of the operators should

be given for the purpose.

The discussion and reduction of long series of observations of the

w^eather at particular places have been continued. The contributions

of this kind completed during the past year are deductions from the

meteorological observations made at Brunswick,. Maine, and Marietta,

Ohio. The discussions and reductions were made at the expense of

the Institution by Mr. Charles A. Schott, on the same plan as that

adopted in the discussion of the observations in the Arctic Regions

by Kane, McClintock and Hayes.

Between the years 1807 and 1859 inclusive, meteorological records

were made with great regularity by the late Professor Parker Cleave-

land, of Bowdt)in college, at Brunswick, Maine, and after his death

were consigned to this Institution for reduction and publication. The
observations, though not intended by their author to be of a strictly

scientific character, were yet found sufficiently valuable to warrant

the expenditure of considerable labor in preparing them for the press.

Brunswick is on the Androscoggin river, about 25 miles N. 40° E.
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from Portland, Maine, in latitude 43° 54' 5, longitude 60° 57' 4, and

74 feet above high water. The observations were made at 7 a. m.,

1 p. m. and 6 p. m., and relate to indications of the thermometer and

barometer, direction of the wind, state of the weather, amount of

rain and snow, character of clouds, occurrence of thunder-storms,

fogs, frost and hail, earthquakes, auroras, etc.

From these observations the mean temperature of each day of each

month is deduced and arranged in tables. The mean temperatures,

however, require a small correction in order to reduce them to the

mean temperature of the day which would be given from twenty-four

or hourly observations instead of only three observations. In the dis-

cussion of the temperature tlie correction applied on account of the

irregular hours was deduced from a series of observations taken at

every hour of the twenty-four at Toronto and Montreal, which are

found to have been subjected to the same fluctuation of temperature

as Brunswick. To understand this, perhaps the following expla-

nation is necessary: By adding all the tc^aperatures observed at

each hour of the day, for example all at G o'clock, into one sum, and

dividing these by the whole number of observations at this hour, we

obtain the average or mean temperature of that hour, and by repeat-

ing the process for every other hour we obtain a series for each hour

of the twenty-four; also, by adding together all the average tempera-

•tures of each hour of the day and dividing by twenty-four, we obtain

the mean temperature of the day. If the mean temperature of the

day be compared with the mean temperature of each hour, some of

the latter will be a little above and others a little below the former;

and as these diiferences are found to be the same over a large extent

of country, we may apply them to observations made at one, two, or

three hours, so as to get the same result which would be obtained had

the observations been made at every hour during the twenty-four.

Thus it has been found, from several series of hourly observations in

different parts of the United States, that those made at 7 a. m., 2

and 9 p. m., give a nearer approximation to the mean temperature of

the day than those made at any other hours. We dwell some-

what on this point because the idea has been prevalent that the best

times for determining the mean temperature are at sunrise, noon and

sunset. But since sunrise and sunset are variable hours, it is obvious

that corrections similar to those we have mentioned above cannot bo

readily applied to them.

The observations at Brunswick, having been dul}- corrected in the

way we have mentioned, present, duriug a period o^ fifty -tivo years,
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a mean temperature of 4-1^ 4' Fahrenheit, which reduced to the level

of the sea becomes 44° 6'.

The lowest mean temperature for any year occurred in 1859, and

was 40°. 31, and tlie highest was in 1840, 51°. 60, giving a range of

11°. 29, which is considerably larger than at places farther south in

the United States. A table is given of the 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 the contrary, it appears from the observations made

between 1807 and 1832, inclusive, that the annual temperature

was 44°.10, and between 1833 and 1859, inclusive, it was 44°.70,

a dilierence readily accounted for from errors of observation and

change of instruments, and too insignificant to substantiate a change

in climate. It has been observed in other parts of the earth that

the annual temperature undergoes a periodical change at certain

seasons of the year, and in this country it has been supposed that a

similar change occurs, viz., a cold period about the end of May, and

a warm one in October. The 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 da}^ falls on the

22d of July, or 31 days after the summer solstice, and has a mean
temperature of 67°.7.

The coldest day on an average is the ISth of January, or 28 days

after the winter solstice, having a temperature of 19°. 9 Fahrenheit.

On an average, the 20th of April and the 24th October have the same

temperature as the mean of the entire year. The lowest record for

the whole time is 30° below zero, and the highest 102° above..

The northwest wind on an average reduces the temperature 4°. 6.

The north lowers it 3°. 1, and the northeast 3°. 8. The southwest

wind, on the contrary, elevates the temperature above its normal

value 2°. 6. In summer the effect of rain and fog is to lower the

temperature 6°. 5. In winter, snow, sleet or rain increases the tem-

perature 4°. 3. From 54,097 observations, the following is the pro-

portional number of winds in 1,000:

South.
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From this it results that the most frequent are the northwest and

southwest, the former in winter and the hitter in summer. The

least number of days in which rain fell was in February, the g-reatest

in May. The greatest number of days in which snow fell was in Jan-

uary. The earliest snow occurred on the 2Gth September, 1808, and

the latest on the 8th of June, 1816. On an average, snow falls in

Brunswick on some day in May once in five years, and in October once

every other year. The average number of rainy days is 64. The average

number of snowy-days is 30. The average amount of rain and snow is

44.68 inches. The greatest amount of rain during any one day was 8|-

inches, November 4, 1845. The greatest fall of snow was on the 10th

of March, 1819, and measured 30 inches. The greatest number of

rainfalls occur while the wind is from the northeast, and the least

number while it is from the west. The northeast wind in winter is

almost constantly accompanied by rain or snow, while in summer the

southeast surpasses it as a vehicle of rain, a result evidently due to

the position of the place of observation with respect to the ocean.

The number of storms of thunder and lightning recorded during 51

years is 472, or about 9 a year. The greatest number occurred in

July and August, the least in January and February. The total num-

ber of fogs is 1, 135, or 22 in a year, the most dense of which occur in

ummer, the least dense in winter.

July is the only month in which no frost is recorded. The earliest

frost observed was August 3d, and the latest June 19th. On an

average, the spring frost ceases after the first week in June, and the

autumn frost commences after the first week in September. There

were 34 hail storms—the greatest number in January, the least in

August. The records notice the occurrence of seven earthquakes

and 86 auroras, the greatest number of the latter in September and

October.

The aurora also exhibits a maximum and a minimum. The maxi-

mum occurred in 1808, 1818, 1830, 1838, 1848, 1857, giving differ-

ences of 10, 12, 8, 10, and 9 years. This indicates an average

period of about 10 years. Unfortunately the temperature of the

barometer is not given, and therefore a reduction on account of

the expansion of the mercury is not possible, and consequently the

onlv use which has been made of tlie record has been to exhibit the
«

monthly extreme values, together with their annual variations.

The barometric maxima reach their greatest value in December

and their least value in June. The minima occur in August. The

monthly range is the greatest at the period of greatest cold, in Jan-

uary, and the least range at the period of greatest heat, in July.
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The observations at Marietta, Ohio, extend from 1817 to 1823,

by Mr. Joseph Wood, and from 1826 to 1859, inclusive, by Dr. S. P.

Hildreth, the whole presenting an almost unbroken series of 40

years. Marietta, the 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 G 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 the reductions.

Unfortunately a small portion of the manuscripts was lost by the

fire which destroyed a part of the Smithsonian building in January,

18G5. This loss was partly supplied by the monthly means which

had been published by Dr. Hildreth in Silliman's Journal.

During the 40 Marietta years a mean temperature is shown of 52°.46.

The mean temperature of 1828, the warmest year during the whole

period, was 55°. 38, and that of the coldest, 1856, was49°. 71, show-

ing a range or variation of temperature of 5°. 67, which is about

the 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, the mean temperature

of the first 20 years being the same as of the last 20 years. Neither

do these observations indicate any change in the temperature of

summer or winter by comparing the first 20 with the second 20

years. We tliink it probable, however, that a full discussion of all

the records collected by the Institution would show some slight change

in the average temperatur-e of summer and winter due to the exposure

of the surface by the clearing away of trees, although no indications

of a similar kind may be given in the mean temperature of the year.

The greatest fluctuation of temperature is in February, and the

least in July and August. The lowest temperature during the whole

period was 23 degrees below zero, Fahrenheit, at 7 o'clock a. m.,

January 20, 1852; the extreme highest 102 degrees at 3 p. m., July

14,1859. These observations give an extreme range of temperature

of 125 degrees, which, when compared with that of Euiope, may be

considered excessive, but, compared with that of other parts of

America and Asia, is not unusual. From all the observations it appears

that, on an average, the warmest day of the year is the 23d of July,

and the coldest the 15th of January, while the days which have the
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same temperature as the mean of the whole year are the 14th of

April and the 15th of October.

The average temperatures of the seasons are as follows!

o

Spring 52.88

Summer 71.51

Aiitumn - 52 .78

Winter 33.01

There have been observed by the meteorologists of Europe varia-

tions in the ordinary march of the change of temperature. Of these

there is one about the beginning of December, and another about the

middle 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 Novem-
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 j-ears 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:

s.
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the temperature, from observations of 2,340 days, exhibits the fact

that the warmest winds are from the southeast, south and southwest,

all others being cold; the extreme difference being 15 degrees in win-

ter and 81 in summer. The comparison of the direction of the wind

and rain shows that the 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 the

entire year. In summer the easterly and in winter the westerly

winds are also attended with fair weather. The average annual

quantity of rain and melted snow is 42^ inches; the least amount

observed in anyone year is 32°.46, and the 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 8G. The quantity of rain is more

equally distributed throughout the year than at Brunswick. The
greatest fall of rain recorded on any one day was 4,25 inches, on the

3d July, 1844. The largest fall of snow, 15 inches, ^as on the 4th

of December, 1833.

The indications of the barometer show a regular progression in the

weight of the atmosphere, which attains its greatest value in January

and its least between July and August.

Ethnology.—The subject of ethnology has, during t'ne past year,

continued to occupy a considerable share of the attentionof the Institu-

tion. Renewed efforts have been made, by means of circulars and

correspondence, to increase the collection of specimens illustrative

of the different races of men inhabiting or who have inhabited this

continent.

Tlic very extensive collections of ethnological articles from almost

every part of the world, made by the United States exploring ex-

pedition under Captain (now Admiral) Wilkes, having been placed in

charge of the Institution, not only afford a basis for a comparison of

the different modes of life and stages of advancement among exist-

ing tribes, but an important means of determining the ethnological

relations of the natives of the present day to thosa whose ancient

remains lie thickly strewn over our whole continent. For example,

implements of stone and of bone are almost everywhere found, the

workmanship of races that have long since disappeared, and of which

the use would be difficult of determination, were not similar imple-

ments as to form and material found in actual use at the present day

among savages, particularly those inhabiting the various islands of the

P; cific ocean. Our object is to collect well-characterized specimeuB,
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illustrative of the remains of ancient industry; first, for the 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 the world

of a more comprehensive comparison, and consequently to facilitate

the study of the various stages of the development of human inven-

tion.

During the past year large and valuable collections have been

received from the northwest coast and from w^ithin the Arctic Circle,

illustrative of the Indians and Esquimaux of these regions. We
have been particularly desirous to awaken an interest in the explo-

ration of the shell-heaps which have been found at various points

along our coast. These are now known to be of an artificial character,

and are frequently rich in specimens of the industry of the earlier

inhabitants of this country. As to the archseological value of these

shell-mounds, considerable difference of opinion prevails. They are

even regarded by some as the work of known tribes of Indians, con-

cerning whom we possess other and better sources of information;

but, even if this be so, they would serve to illustrate peculiarities of

customs, and should, in all cases, be explored and the materials

found in therm carefully preserved. From the specimens derived

from the shell-deposits on the coast of Norway, the Scandinavian

archasologists were enabled to divide the stages of civilization into

three principal periods, namely: the stone age, the bronze or transi-

tion age, and the iron age. These divisions have been generally

admitted as characteristic of the principal stages of human develop-

ment, though they are not regarded as successive periods in the

generjil advancement of the world, since the inhabitants of one country

may be in the condition of the stone age, while those of others are in

the full enjoyment of all the advantages of the iron epoch. -

This division furnishes a ready means of classifying the various

archaeological objects, so as to exhibit the comparative civiliza-

tion in different places at the same or at different epochs, and,

though it may be superseded by a more philosophic classification, it

forms an important step in the gradual advancement of a new sci-

ence. Indeed, it has lately been proposed to divide the stone age

into two—the palceolithic, or first stone age, and the neolithic, or

second stone age; and from the discoveries which have been made

of late, and which have been so cumulative, we can scarcely
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question the conclusions to which they all seem to point, namely:

that 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 palasolithic age are usually found in beds of gravel

and loam, 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 those of fresh water, and not of

marine animals. These deposits contain fragments of such rocks only

as occur in the area drained by the 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-

noceros, the lemming, and the reindeer—all arctic animals. The

great antiquit}'' 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 the beds of gravel

and loam, which in most cases are deposited in regular strata, would

require a long succession of seasons, since we see how little effect

is produced at the 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 pala)olithic age, in northern France and soutliern

England, but no traces of pottery, nor evidence of the use of metals,

nor even of polished stone implements, have yet been met with.

The neolithic age commences with a knowledge of a higher degree

of art, at a period when polished axes, chisels, gouges, and other

implements of stone, as well as hand-made pottery, were extensively used

in western Europe. The objects peculiar to this period do not occur

in the river drift gravel as in the previous period, except some of the

simpler ones. The implements are remarkably numerous in Den-

mark and Sweden, while the palasolithic types are absolutely

unknown there. It has hence been inferred that these northern

countries were not inhabited by man during the earlier periods. The

Danish shell-mounds belong to this period, as well as those of our own
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country, and hence it becomes an important object of inquiry to

determine whether any real types of the paUeolithic age exist in North

America. The two stone ages, however, are characterized by tlie

use of stone or bone, to the exclusion of metal.

It is evident, from the specimens which have been collected, that

there was a period when bronze was extensively used for arms and

implements. This is particularly manifest in the examination of

tumuli, in which stone and bronze implements are found existing

together. Some of the bronze axes, in many cases, appear to be

mere copies of those of stone, as indeed is the iron axe used by the

pioneers in clearing the American forest.

The bronze age is also distinguished from the stone age by the bones

of animals which are found mingled with the implements. Those

of wild beasts prevail in the former, while those of tame beasts are

most numerous in the latter. No articles of bronze have been found in

this country, though those of copper, showing a less advance in art,

are frequently found in ancient mounds.

The iron age appeared when the metal was first used for weapons

and cutting instruments, and gradually extends into the twilight of his-

tory. From all the remains which have been found, it is evident that

neither bronze nor stone implements were used in northern Europe

at the commencement of the Christian era, and that the inhabitants

of these regions were not as low in the scale of civilization as the

accounts of their conquerors would seem to place them.

Exchanges.—The system of international scientific and literary

exchanges, to facilitate the correspondence between learned institu-

tions and individuals of the Old and New World, has been fully main-

tained during the past year, 1, 083 boxes and packages having been

sent out, and 782 received since the date of the last report, most of

them with a large number of sub-parcels enclosed.

These packages, as in former j^ears, contain the publications of

institutions, public documents, transactions of societies, scientific

works present(-d by individuals, specimens of natural history, eth-

nology, <fec. This part of the operations of the establishment has

found much favor with the public. " We have nothing of the kind,"

says a recent English publication, "in this country, and the difficulty

in exchanging books and specimens is much felt. The comparative

cheapness of freight is more than made up by the complicated

agencies and other extra charges, which can scarcely be avoided even

by those initiated in the secrets of the business. The sending one
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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 in America :

"The Smithsonian Institution is now making preparations to send

copies of its publications to the different libraries and societies in

Europe and other parts of the world with which it is in correspond-

ence. As in previous years, it will undertake the transmission and

safe delivery of the publications of other American institutions on

the following conditions :

"1st. The volumes or publications to be put up in compact packages,

enveloped separately for each particular address. They must not be

sealed, although they can be pasted up or tied. Unsealed letters

relating to the contents of the package may be placed inside or sent

separately. In no case ivill sealed letters or packages be forivarded by

the Institution.

"2d. The packages must be addressed legibly, in full, (if German,

they must be in Roman character,) and the name of the donor must

be indorsed on each.

" 8d. Tlte parcels must be delivered in Washington free of expense to

the Smithsonian Institution.

"4th. A detailed and full invoice of all the addresses on the par-

cels must be sent separately, in advance, by mail.

"5th. The parcels should conform as nearly as possible in length

and breadth to the corresponding dimensions of the Smithsonian

Contributions to Knowledge, if in quarto, or to half this size, if octavo.

Octavo pamphlets should not be folded. No single package should

exceed six inches in thickness.

"6th. No charge will be made for the expenses of sending from

Washington, if the parcels be of moderate bulk. In any case the

proportion of actual expenses will only bo called for.

"If desired, the Smithsonian Institution will make the selection

of the most suitable recipients of any publications. In this case

nothing but the name of the donor need be marked on the parcels.

"The next transmission of packages from the Smithsonian Institu-

tion will take place about the 1st June.

"Parcels should be in hand a month earlier, and the lists sent by

mail at the earliest possible moment. These will be wanted con-

siderably in advance of the parcels, in order to make out the 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.

The cost of this system would far exceed the means of the Institu-

tion, were it not for important aid received from various parties

interested in facilitating international intercourse and the promotion

of friendly relations between distant parts of the civilized world.

The liberal aid extended by the steamship and other lines, men-

tioned in previoua reports, in carrying the boxes of the Smithson

exchanges free of charge, has been continued, and several other

lines have been added to the number in the course of the year. The

names of this class of patrons of the Institution are given in the fol-

lowing list :

Pacific Mail Steamship Company, North German Lloyd Steamship

Company, Hamburg American Steamship Company, General Trans-

Atlantic Steamship Company, Inman Steamship Company, Cuuard

Steamship Company, Pacific Steam Navigation Company, Panama
railroad, California and Mexico Steamship Company.

Important favors have also been conferred during the year by the

Adams, the Harnden, and the Wells & Fargo Express Companies;

Mr. S. Hubbard, of San Francisco, and. Mr. George Hillier, of the

New York custom-house.

As in previous years, the agents of the Institution are: Dr. Felix

Flugel, inLeipsic; Mr. Gustavo Bossange, in Paris; Mr, Wm, Wesley,

in London; Mr. Fred Miiller, in Amsterdam.

In view of the delays incident to the transmission of packages to

Italy, the Institution has embraced a proposal from the Royal Insti-

tute of Milan, conveyed through the friendly intervention of the

American minister, Hon. G. P. Marsh, to take charge of the ex-

changes with that country, and a number of boxes have accordingly

been shipped to Milan, via Genoa, during the year.

Besides these agents, our countryman, Mr. James Swaim, now resid-

ing in Paris, has kindly consented to act as a special agent in super-

intending the construction of such articles of philosophical apparatus

as the Institution -may require.

During the session of 1866- C7 an act was passed by Congress pro-

viding for the reservation of fifty complete sets of all the Avorks pub-

lished at the expense of the United States, to be placed provisionall\'

in the hands of the Joint Library Committee of Congress, in order to

be exchanged, through the Smithsonian agency, for corresponding

publications of other nations. The object in this was to secure regu-

larly and systematically, at the least possible expense, all reports and
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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 be ready for distribution, it was thought proper

to defer farther action until the 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 he 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 the 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 Rica, Netherlands, Chile, Denmark, Argentine Confederation,

United States of Colombia, Wurtemburg, Finland, Hamburg, Baden,

Sweden.

At the suggestion of Hon. John Bigelow, late 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 furnish 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 the application of some of their peculiar features to
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the purposes of instruction in bis own country. The character of

this distinguished professor, and his known admiration of American

institutions, secured 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:

Harper & Brothers, New York 62 volumes.

A. S. Barnes & Co. , " — 26 volumes.

Oakle}' & Mason, " 10 volumes.

C. Scribner, " 3 volumes.

H. Cowperthwait & Co., Philadelphia 10 volumes.

U. Hunt & Son, " 12 volumes.

E .C. & J. Biddle, " 12 volumes.

A. S. Davis & Co.. Boston • • • • 6 volumes.

Sargent, Wilson & Hinkle, Cincinnati 33 volumes.

Professor Laboulaye, in acknowledging the receipt of these 174

volumes, says : "These books form the admiration of all who 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."

Explorations and Collections.—The system of explorations mentioned

in the preceding reports has been continued as in previous years, with

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', the ethnology, meteorology, and physical geography

of the various parts of the continent of North America. The organ-

ization of these expeditions has been specially in charge of Professor

Baird, who has devoted, wnth his wonted zeal, a large amount of

labor to the preparation of outfits and to the care and arrangement

of the specimens obtained. We shall give an account of these sev-

eral explorations under the names of the districts within which they

have been prosecuted.

British and Bussian America.—In previous reports a statement has

been given relative to the scientific department of the expedition organ-

ized by the Western Union Telegraph Company, for the purpose of

effecting an electric communication between the United States and
Europe, across Behring's Straits, and we have now to express our

regret that the enterprise has been abandoned. We have, too. to

deplore the sudden death of Mr. Kenuicott, the director of the 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, scie'nce 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 the city of Chicago, of which he was the director,

received its endov»^ment and organization.

After the death of Mr. Kennicott, Mr. W. H. 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 the survey, and

of Messrs. Scammon, Kotchum, 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, Bischofif, 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 the 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 while

the expedition was in process of being organized, partly in Kam-

tschatka and in British Columbia, but chiefly in the island of Sitka

antl on Norton Sound and the Yukon river.

The 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 naluralist is

the discovery at Norton Sound and at Nulato of three genera of birds*

previously supposed peculiar to the Old World.

The 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 for 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, Phyllopneuste, and Pyrrbula.
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the interests of science, gave him a free passage to San Francisco.

Thence he sailed, still free of expense, in one of the vessels of the

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 he failed not to make some inter-

esting collections. Returning with the vessel to San Francisco in Octo-

ber, he 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 Mr. 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 Sen-

ate for information in regard to the country. Two of Our collaborators,

then on a visit to the Institution, Mr. Heni'y Bannister, who had spent

a year in Norton Sound, and Mr. Bischoff, who had passed the same

length of time at Sitka, were called upon to give evidence before the

Committee on Foreign Relations, and were, in effect, the only persons

examined who were acquainted with the region from'personol observa-

tion. Professor Baird also gave valuable information as to the zoology

of the country, from the materials which had previousl}^ been collected

by the Institution.

For the purpose of obtaining additional information relative to the

n«w Territory of Alaska, an expedition was organized by the Treas-

ury Department, under the charge of Captain W. A. Howard of the

revenue service, and, at the request of the Secretary of the Treasury,

instructions for research into the physical and natural history of the

country were furnished by the Smithsonian Institution. The expedi-

tion left San Francisco on the revenue steamer Lincoln, under command
of Captain T. W. White, during the summer of 1SG7, and spent several

months in its explorations. It was accompanied by a special party

from the Coast Survey under charge of Mr. George B. Davidson, who

has since communicated a valuable memoir on the country to the

Superintendent of the Coast Survey, which has been printed by Con-

gress. Important collections in natural history and ethnology have
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been supplied to the Institution by Captains Howard and White,

and Mi\ 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-

inent among- these may be mentioned, as in previous years, Mr. E,.

McFarlane of Fort Anderson, to whom we are indebted for an almost

exhaustive collection of materials from the Arctic coast; Messrs. James

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 hernida 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 oflicers 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

slightl}' 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 Guuu, 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 with inter-

est, if only as the production of a man who has spent his life far

removed from the centres of refined civilization.

Among the 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. Heisen, an American resi-

dent, the:<e being the first ever received from that region.

Western America.—Mr. J. G. Swan, of Neaah Bay, Washington

Territory, whom we have mentioned as favoring the Institution with

an interesting memoir on the 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 Monterey, and Dr. Cooper has

furnished some rare eggs and nests. The remainder of a large col-
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lection made by Dr. Cones in the vicinity of Prescott, Arizona, bas

also come to band. Reports, forming valuable contributions to the

general natural history of the Territory have been publislied by Dr.

Coues in the^ proceedings of the Philadelphia Academy of Natural

Sciences, and in the American Naturalist, based on the specimens in

the Smithsonian collection. Dr. E. Palmer, formerly associated with

Dr. Coues 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 mountain regions.—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 18G7, Dr. F. V. Hayden was engaged in a

geological survey of Nebraska, under the direction of the Commis-

sioner of the LansI Office, and made extensive collections of fossils and

other specimens, which Mr. Meek, of the Institution, is now engaged

in determining. 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-

butions 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
the 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 the natural history outfit

of the expedition, made arrangements to receive all its collections, and

to give such necessary facilities for working up the results as are

usually afforded to the 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 ami Southern States.—Collections of more or less extent

have been received from various contributors east of the Mississippi

river, which will be 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-

io-ably to the extension of knowledge in the field of natural history.

In both these respects the Institution had enjoyed his uniform

co-operation as it shared the fruits of his successful labors. These

labors had been principally conducted in Labrador, and on the Gulf

of St. Lawrence, in Florida, in the Bahamas, in Cuba, and in Jamaica;

and it was 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, 18G7, 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 the West Indies has been intrusted

to Prof. Baird for determination, and after this has been eifected 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 from Cuba by Mr.

Bishop. Mr. A. E. Younglove spent several months in Hayti, and

obtained a valuable series of birds and reptiles, embracing several

new species. Mr. E. M. Allen, United States consul at Bermuda,

has also given attention to the birds and marine animals of the islands,

and has sent specimens.

Towards the close of the 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 the adjoining

region, by Professor E. W. Hilgard, of the University of Mississippi.

The immediate inducement for this exploration was the discovery of

a stratum of rock salt on this island, together with the remains of

extinct animals associated w^ith 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 bloomed on the Louisiana coast for the first time in 27 years.

The exploration suggested many new questionSj which can only be
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answered by further investigatiou. The following is an abstract of

the results already obtained :

" The Port Hudson deposit described by Carpenter, Lyell, and others,

is the cypress swamp equivalent of the ' bluff formation,' just as the

existing C3^press 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 has resisted denudation;

on and around which, strata precisely similar to those of Port Hud-

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

above tide level than has been supposed, obviating the chief diffi-

culty (that of drainage) heretofore experienced in working the

deposit, the lowest part of which only has thus far been explored.

While the 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 these comparatively ancient deposits, the entire

delta is underlaid at or near tide levels by a C3"press swamp deposit,

as it would seem, of later date ; and beneath these, as w'ell 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 the orange sand epoch, which here appears to have

divided into two branches, one reaching the gulf in the region of

Vermillion bay, the other on or near the Sabinu. Important

information was obtained concerning the formations of northern Lou-

isiana, which, while of course corresponding in general to those of

Mississippi, differ so far as to promise a ready determination of

the age of the 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 eocene and postplciocene

deposits. All that is known of it, is, that during its formation, palms

flourished on the 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 Mississippi." But the problem to be solved regarding its age,

extent, and relations to the eocene and quaternary shores of the gulf

is one of so much interest that while in Louisiana Mr. Hilgard was
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impressed with the importance of a more extended exploration than

was at first contemplated, which, starting from the northern border

of the marine eocene, above Vicksburg, should proceed diagonally

across to the locality where petroleum has been found on the bor-

ders of Texas. So great was the interest manifested in regard to

these matters wherever he Avent in Louisiana, that, were the affairs

of the country at all settled, he has no doubt it would be easy to pro-

cure an appropriation or even subscription for the purpose.

Ilcxico.—The regular correspondents of the Institution in this

country have continued their co-operation. Colonel Grayson, of

Mazatlan, has furnished specimens from the vicinity of that city,

and from other points in Western Mexico. At the joint expense of

the Smithsonian Institution and the Boston Society of Natural History,

he visited, last spring, the island of Socorro, one of the Revilligideo

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 Bias, he met with a severe loss

in that city by the death of his son, the companion of his scientific

labors, who was murdered by some 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 and Mr. Botteri, of Orizaba, and Dr. Sarto-

rious, of Mirador, have continued their valuable contributions, the

jatter gentleman in addition furnishing meteorological records.

Central America.—The collaborators in this part of the continent

still continue active. From Guatemala Mr. Henry Hague has sent

large collections of birds and mammals, and Dr. Van Patten, of ver-

tebrata generally. From Costa Rica, the contributions of Dr. A. Yon
Frantzius, Mr. Endres, Jos6 Zeledon, and Mr. Juan Cooper embrace

ample series in certain branches of zoology, while Mr. F. Lehmann
has furnished an interesting collection of fossils and minerals.

The last of the collections made in Yucatan by Dr. Arthur Schott,

during the exploration of that countrj- instituted by Governor Salazar,

have reached the Institution, and with the first portions received,

furnish an excellent idea of the natural history of the northern part

of the peninsula, the southern part of which will be illustrated by

Dr. Berendt's researches.

As mentioned in a preceding report. Dr. H. Berendt, who has

been many 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 the expense partly of subscrip-

tions by various societies and individuals. He first passed up the
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Balize river, and thence to the region about Lake Peten, where he

remained until the summer of 1867, making collections in natural

history, and prosecuting researches in anthropology and geography.

He visited the United States towards the end of the 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 the

Hon. C. N. Riotte, late United States minister to Costa Rica. Mr.

Geo. N. Lawrence, of New York, a collaborator of the Institution, is

at present occupied in preparing a catalogue of the birds of Costa

Rica, based chiefly upon the Smithson collection, which will prob-

ably include 500 species . To Dr. Von Frantzius the acknowdedgments

of the Institution are especially due for his valuable scientific cor-

respondence and intelligent aid and supervision in conducting the

explorations of the Institution in his adopted country.

3Ir. Ilardiman, of San Salvador, has contributed the first collection

of birds received from that country. Mr. OsbertSalvin has presented

a series of the birds of Yeragua, collected by his correspondent,

Mr. Arce. Dr. Kluge, of Aspinwall, and Captain J. M. Dow^, of

Panama, have also continued their aid. The services of the latter in

attending to the interests of the Smithsonian Institution on the Isth-

mus of Panama and the west coast of Central America, in issuing

supplies, receiving and forwarding collections, &c., are of great value,

and deserve the special acknowledgments of the Board of Regents.

South America.—The principal exploration in South America under

the auspices of the Institution has been that of Prof. James Orton,

of Rochester University, undertaken especially in the interest of the

Lyceum of Natural History of Williams College, Massachusetts.

The Institution lent the 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. The one under

the immediate direction of Prof. Orton proceeded to Guayaquil via

Panama, the other under Mr. W. B. Gilbert went toYenezuela. The

party under Prof. Orton, after remaining some time at Guayaquil,

where most of them were taken sick with yellow fever, finally arrived

at Quito. Here they had the misfortune to lose one of their mem-

bers. Colonel Phineas Stanton, a gentleman of many accomplish-

ments, who volunteered to accompany the expedition as an amateur

artist. After exploring in Pechincha and other localities on the

plateau of Ecuador, they crossed to the head-waters of ibe Amazon,

descending by Maraiion to Para, and thence returned home. The

4 s
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Venezuela division prosecuted tlieir researches for a time in tho

district of Caraccas, and then returned via the Orinoco river. All

the collections of both parties have been sent to the Institution

for identification, and have been distributed for that purpose among
the naturalists of the country.

A collection principally of birds and butterflies, made in the neigh-

borhood of Bogota, was conveyed to the Institution through the

attentive care of Hon. A. A. Burton, late United States minister.

Many of the species are new as regards that locality. From Chile there

has been received a collection, nearly complete, of birds prepared and

determined by Prof. A. R. Phillippi, Director of the 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. H. Hudson,

who has transmitted large collections of birds, which have been

referred to Mr. P. L. Sclater and Mr. Osbert Salvin, of London, for

examination, these gentlemen having been especially occupied in

the study of South American birds. Mr. A. de Lacerda, of Bahia,

has continued his valued contributions from that portion of Brazil.

"With the exception of the Russian telegraph expedition at Plover

baj'-, and on the Asiatic side of Behring's straits, the explorations we

Lave enumerated have been confined to the American continent and

its islands. This is in accordance with a settled policy of the Insti-

tution, to the 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 countr}^ in so clear a light that I may be

excused for quoting them at length : "The peculiar condition

of the North American continent requires imperatively that its

physical and biological statistics should be accurately collected

and authentically recorded, and that this should be speedily done.

Vast tracts of land ar,e still in what may be called almost a

primitive state, unmodified by the effects of civilization, uninhab-

ited, or tenanted only by the remnants of ancient tribes, whose

unsettled life never exercised much influence over the natural pro-

ductions of the country. But this state of things is rapidly passing

away; the invasion and steady progress of a civilized population,

while 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, under

the deadly influence of civilized man. Myriads of the lower orders

of animal life, as well as of plants, disappear with the destruction of

forests, the drainage of swamps, 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 new order of things, which, if perceptible only in the

course of successive generations, require so much the more for future

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 the

change is going forward, as it were, close under the eye of the observer.

This consideration n:ay one day give great value to the reports of the

naturalists sent by the government, as we have seen, at the instance

of the Smithsonian Institution and other promoters of science, to

accompany the surveys of new territories."

The total number of contributors to the collections of the Institution

in 1867 was 163. The total number of primary boxes or packages

received was 320. The general character of these additions will be

learned from the table at the end of the report; they vary from

single specimens to boxes filled with "a variety of objects, the latter

being far the most numerous. Among the most important may be

mentioned the collections of the Russian telegraph expedition, those

of Dr. Butcher, of Mr. Carmiol, of Colonel Grayson, of Professor

Suraichrast, of Dr. Hayden, of Mr. Hudson, and of Dr. Palmer.

To the Zoological Garden of Hamburg, Dr. W. H. Sigel, director,

the Institution is indebted for the 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 the 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 the proximity of the

building during the winter. For further notice of these sparrows see

general correspondence.

The Institution is indebted to Mr. T. A. Randall, of Warren, Pa.,

for a large number of living menopoma allegJieniensis from the Allegheny

river. Such of these as survived were sent to several of the Zoologi-

cal Gardens of Europe, and others will probably be transmitted in the

ensuing spring.
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Investigations.—As in previous years, the natural history material

collected by the Smithsonian Institution has been freely distributed

to special investigators for examination and description, among vv'hom

are the following:

Thomas Bland, New York ; univalve shells from Mexico ard Bogota.

D. E. R. Beadle, Philadelphia ; shells of various portions of the globe.

Dr. T. M. Brewer, 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 the Ideridce, Bhainphastidce, and Trogonidce of the

Smithsonian collection, for monographing; birds collected in Ecuador,

and on the Upper Amazon. Professor E. D. Cope, Philadelphia ; rep-

tiles from Mexico, New Grenada, Navassa, Vancouver island, Sitka,

<fec. ; 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. W. H. 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

from various parts of the world. John Gould, London ; types of new
and rare species of humming birds, described by Mr. Lawrence, from

the collection of the Smithsonian Listitution. 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; unionidas from various portions of North America.

Dr. Joseph Leidy, Philadelphia ; fossil remains of vertebrata from

Colorado, &c. F. B. Meek, Washington ; invertebrate fossils, from

Nebraska, &c. Lewis H. Morgan, New York ; skulls of American

and European beaver. Baron R. Ostensacken ; diptera of Mexico,

&c., insect galls from Plover bay, Northeast Siberia. Tryon Reak-

irt, Philadelphia; lepidoptera of Colombia. Dr, I. T. Rothrock;

plants collected in Russian America. S.H. Scudder, Boston ; orthop-

tera of Mexico and other parts of North America. Dr. W. Stimpsou,

Chicago
; Riarine invertebrata collected by Ferd. Bischoff, "W. H.

Dall and others, on the northwest coast of NorllrXmerica. Dr. P.

L, Sclater, London
; collection of birds made about Conelutas, Buenos

Ayres, by W. H. Hudson. Dr. John Torrey, New York ; collections

of plants of various parts of the world. P. R. Uhler, Baltimore
;

hemiptera of Mexico and America generally. Dr. H. C. Wood, jr.,
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Philadelphia
;
general collections of myriapoda. Professor Jefl'ries

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 the Museum of the Smithsonian Institution." The object of

this work is to define the absolute and comparative characters of the

birds of America, and especially to trace with minute detail their

distribution during the breeding season, and the extent and character

of their migrations. 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 b}^ part 2 of the North American Oology of

Dr. Brewer. As explained in previous reports, the object of this work

aho 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 the promotion of these objects, circulars and pamphlets con-

taining the 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 the 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 far as the facts may justifj' it, shall be given

to the Institution by the authors in their resulting publications. In

most cases this recognition has been fully complied with, but in a

few we are sorry to say the acknowledgments have not been of the

character or extent to which the Institution was entitled.

The distribution of the duplicate specimens of the collections has

been carried on as rapidly as practicable during the year. The most

important series sent off have consisted of skins and eggs ofarctic birds,

skins of mammals, shells, minerals, and ethnological specimens. The
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minerals were arranged and labelled for the purpose by Professor

Egleston, the shells by Dr. P. P. Carpenter, the ethnological objects

by Dr. 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.

The foregoing account of the disposition of the specimens collected

by the Institution will serve to illustrate the spirit and policy of the

establishment, as well as the working of the system of active opera-

tions in its relation to the advancement of natural history. The
same polic}^ but with more efficiency, would be continued, were Con-

gress to take charge of the museum, or make separate provision for

its maintenance.

Besides the investigations in the 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., has

been engaged in collating and arranging for publication all the Indian

vocabularies which have been collected by the Institution. An
appropriation has been made for a systematic exploration of mounds

and ancient remains in certain localities, of which an account will be

given in the next report. As is seen under the head of meteorology,

the labors of Mr. Schott have been continued in the reduction and

discussion of observations. An appropriation has been made to assist

Prof. Wm. Ferrel in a series of investigations relative to the tides;

and another to Prof. Newcomb, of the National Observatory, to defray

the expense of numerical calculations for his discussion of the obser-

vations of the planet Neptune. The Secretary, in connection with

General Poe, of the Light-house Board, devoted a part of his summer
vacation to investigations in regard to the penetration of sound, in

its relation to fog-signals. The 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,

the Institution during the past year has been favored with the gratui-

tous services of a number of other gentlemen in reporting upon ques-

tions proposed for solution, in examining memoirs, and in the prepara-

tion of articles for the report. Among these may be mentioned Prof.
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G.J. Brush, of Yale College; Dr. Gray, of Harvard; Profs. Newcomb
and Harkness, of the Naval Observatory; Drs. Woodward and Craig,

of the Surgeon General's OfSce; Prof. Schaeffer and Mr. Taylor, of

the Patent Office; Mr. Gibbs, of Washington; Mr. C. Rau, of New
York; Prof. Chace, of Brown University.

National 3Iuseum.—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

the upper part of the building in 1865. The defective state of the

temporary roof permitted a large amount of moisture to enter the

walls, which kept the hall in a constant state of dampness, covering

the specimens with mould. The entire collection has, however, been

examined, 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 the woodwork.

The most important work connected with the museum has been the

labelling and preliminary arrangement of the extensive collection of

ethnological objects, and the separation of the duplicates. All the

collections of vertebrata as received have been catalogued and put in

place; many osteological specimens cleaned; bottles of alcoholic speci-

mens washed, &c. 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 the type specimens of the

collections made by the various expeditions organized by the govern-

ment, as well as those projected and supported by the Smithsonian

Institution itself, and owes but little to donations, and still less to

purchases. There is, however, a large debt due the Institution from

foreign museums, in the way of exchange, which we have no doubt will

be cheerfully discharged as soon as they are informed that Congress

has made provision for the support of a mnseum 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

the year, a number of foreign donations have been received, among
which are specimens of the products of the iron mines and man-
ufactures of Sweden, presented by Hon. G. V. Fox, late Assistant

Secretar}^ of the Navy, and from the same donor large and beautiful

specimens of graphite from eastern Siberia, both rough and wrought,

as well as exemplifications of the rocks associated with it.

It may be recollected that when 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 depositoi\y, equivalent to

the cost of its support while in the Patent Office; and the appropria-

tion for this purpose had been limited until the last session of Congress

to the 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

sufficient even for the preservation of the specimens, to say nothing

of the equitable claim which the Institution might rightfull}' advance

for interest on the mone}' which it has expended in providing the

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.—The transfer of the library of the Institution to

the care of Congress, authorized in 18GG, was completed during the

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 the 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 librar}', the tendency

being to absorb more and more of the funds with the increase of the

number of the books, and hence even a librar}" adequate to the wants

of the various departments of government can only be properly

supported by the appropriations of Congress. The government has

already commenced such a library, and even if there were no objec-

tions to expending the income of the bequest of Smithson in the pur-

chase of books and the maintenance of a library, it would be unneces-

sary to establish two libraries in such close proximity.

Third. By combining the two libraries in one, the expense of

accommodation, of care and of management will be much diminished,

and a greater facility as to consulting the works afforded.

Fourth. The portion of the Smithsonian building in which the library

was deposited is not fire-proof, and was filled to overflowing, while fur-

ther accommodations and protection conld not be aflbrded without

encroachment on the funds which had been set apart as the perma-

nent capital.

Fifth. By the terms of the transfer, the cataloguing, binding, and

entire care and management of the books are at the expense of the
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government, and consequently an important portion of the income is

made available for active operations.

Sixth. The transfer has furthermore tended to awaken an interest

in the library of Congress, which cannot fail to render it, under

the energetic superintendence of the librarian, Mr. Spofford, worthy

of the nation. At the 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 with these additions the

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 the law autliorizing the transfer, the Institution is at liberty to

draw any books it may require for its use either from its own collec-

tion or from those of Congress. It is proposed, as soon as the

regents' room is properly provided with cases, to keep in the Institu-

tion such books as are most frequently required for consultation in its

operations, and fortunately a considerable number of these are dupli-

cates in the two libraries.

Seventh. The books transferred to the National Library are in

many cases such as could not be obtained by purchase, and are pres-

ents to the Institution from the old libraries of Europe, consisting of

transactions and other publications of learned societies, forming a

special collection not only ranking first in this country, but one of the

best in the world.

Neither is it the value of the books already' transferred which is to

be considered, but also the perpetual increase of the several series of

scientific transactions in their continuations from year to year whicli

are regularly supplied in exchange for the publications of the Insti-

tution.

The collections of transactions of societies contain the record of

the actual progress of the world in all that essentially pertains to the

mental and physical development of the human family, and as it has

been the aim of the Smithsonian Institution from the first to establish

exchanges with all societies, of this character, the list of those now

in the national library includes, with scarcely any important excep-

tion, the whole series of the world, and affords tne means therefore of

tracing the history of at least every branch of positive science since

the days of the revival of letters until the present time.

The use of this library for the purpose of research will soon bo

much facilitated and its treasures brought more generally into requi-

* In January, 1868, it contained 105,467 volumes.
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sitiou by the publication of the classified index of all the physical

papers iu the transactions of learned societies and in scientific peri-

odicals which has been in course of preparation for the last ten years

by the Royal Society of Loudon, and of which the printing of the first

volume 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 the advantages to science of such a work, that the matter was

referred to a committee of the Association, reported favorably upon,

and recommended for execution to the Royal Society. As soon as

this work is published copies will be procured by the principal libra-

ries and 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 which

it is contained ; and as the most perfect set 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

the exception of one month devoted to cleaning and arranging.

In the arrangement of the compound library the principal part of

the Smithson collection, that is, the scientific transactions, will form a

department by itself in which works of a similar character previously

belonging to the library of Congress will be incorporated, while the

miscellaneous books of the Institution will be arranged with the works

of a similar class already in that library. A complete catalogue of

all the transactions belonging to the Smithson library up to 1866 was

prepared and published by the Institution, and a general catalogue

of the whole National Library is now in the press, in which the books

of the Institution are designated by the letter— S.

:.... Some idea may be formed of the value of the annual contributions

from the exchanges of the Institution, when it is mentioned that it

includes the publications of 1,081 societies, besides large 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. The 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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Kumher of societies sending their puhlic.ations in exchange to the Smithsonian

Institution.

Germany
Great Britain and Ireland • •

France

United States

Italy

Holland

Russia

Switzerland

Canada

Belgium

Australia • • • •

Denmark

Sweden

Ilindostan

Norway •

Spain

Cuba

334

194

113

100

70

48

46

35

20

19

15

13

12

11

9

7

6

East Indies

Cliile

Portugal

Turkey

Mauritius • • • •

Africa

China

Brazil

Greece

Egypt

Bogota

Buenos Ayres

Jamaica

Mexico

Trinidad • . . •

Making in all 1,081

To the list of correspondents during the past year we may add the

Institute of Eg3'pt, 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 epoch in the

history of modern civilization, which, originally cradled in the valley

of the Nile, now returns, alter haviug changed the 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 Herodotus unveiled the sources of history." A library

and collections have been formed, which are rapidlj^ increasing, and

which even now it is stated are capable of rendering essential service

to the explorers of the valley of the Nile. Although the French lan-

guage has been adopted for the reports and also lor correspondence

between the members of the society and the learned institutions of

the west and east, yet the 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.
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The following is a statement of the books, maps and charts received

by exchange, in 1867, and deposited in the National Library:

Volumes:

Octavo 1,088

Quarto 383 "

Folio 86

1,557

Parts of volumes and pamphlets:

Octavo 2.689

Quarto . « 1, 057

Folio 200

3,946

Maps and charts 328

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, he was left, at the request of the governor of the 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 the

country. Originally published in the German language, an English

translation has appeared in Stuttgardt, made by Mr. Edward Sauter,

of Little Rock, Arkansas, to whom we are indebted for a copy of the

work.

Bat perhaps the 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 pre-

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 appreciat d 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 have availed ourselves of the services of Mr. H. H. 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.

Bergeurk 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.

Hydrographical Department of the Ministry of Marine, St. Peters-

burg, 38 volumes, 7 pamphlets, and 174 charts.

Imperial Free Economical Society, St. Petersburg, 12 volumes

"Transactions."

Finland Society of Sciences, Helsingfors, 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 " Verhandlungen."

Kais. Akademie der Wissenschaften, Vienna, 13 volumes and 33

pamphlets.

K. Statistisch-Central-Commissiou, Vienna, 37 volumes and 60

pamphlets.

R. Istituto Lombardo di Scienze, Lettere ed Arti, Milan, 15 volumes

and 27 pamphlets.

Ministero di Agricoltura, Industria e Commercio, Florence, 10 vol-

umes and 2 pamphlets.

R. Istituto d' Incorragiamento alio Scienze Naturale, Economiche

e Technologiche, Naples, 17 volumes and 23 pamphlets.

British Archa3ological Association, 16 volumes and 9 pamphlets,

nearly completing the "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 de Amijos del Pais, Ilabana, 256 volumes,

chiefly theological.
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American Board of Commissioners for Foreign xiffairs, Boston, 3G

volumes and 53 pamphlets.

Massachusetts State Board of Agriculture, 13 volumes and 7 pam-

phlets.

J. G. Cotta, Augsburg, 15 volumes.

Dr. Karl Koch, Berlin, 205 pamphlets.

Justus Perthes, Gotha, 12 volumes and 16 pamphlets.

F. A. Brockhaus, Leipzig, 13 volumes and 6 pamphlets.

Before concluding the history of the Institution for 1867, it be-

comes my duty to recall a painful event, which was announced to the

Board at its meeting in February last. I allude to the death of Alex-

ander Dallas Bache, the head of the United States Coast Survey, and

one of the original members of the Board of Regents. On the occa-

sion of the announcement of this bereavement, which was received

with emotions of profound sorrow, the following resolutions, pre-

sented by Hon. J. "W. Patterson, of New Hampshire, were unanimously

adopted :

"7?eso?fef?, That the highest honor is due to the memory of our

respected and beloved associate, Professor Alexander Dallas Bache,

who, through so many years of active life, has devoted, unselfishly

and Avith untiring energ}-, great talents, profound acquirements and

undeviating integrity to the advance of art, science, education and

philanthropy.

^'Resolved, That in the death of our lamented associate this Institu-

tion, of which he was a regent, and one of the executive committee

from its first organization to the time of his death, has lost an efficient

collaborator, a sagacious counsellor and zealous supporter.

^'Resolved, That the members of the Board, in common with the

Secretary, lament in his departure the 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-

ners, his refined taste, high moral perceptions and unswerving advo-

cacy of the right.

^'Resolved, That a copy of these resolutions be transmitted to

the 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 aware that it

was not enough to narrate the events of his life, and to give a

recital of his numerous and diversified labors; but that it would also

be necessary to analyze his mental and moral constitution, as well as

to trace the influence which his career has had, and will continue to

have, on the advancement of science and education in this countr}".

To fulfil this satisfactorily, though a duty not to be declined, is a

labor requiring much care, and involving much solicitude. The

sketch which 1 have prepared has been sent to Gen. 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 the board at its present session. I therefore

crave the indulgence of being allowed to defer the publication until

the appearance of the report for 1SG8.

Respectfully submitted:

JOSEPH nENRY,
Secretary Smithsonian Institution.

Washington, January, 1SG8.
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From the report of Prof. S. F. Baird.

A.— Table showing the statistics of the Smithsonian exchanges in 18G7.

Agent and country.
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No. of pica's'.

Boston, Mass.—
American Academy of Arts and Sciences » 124
Board of State Cbaritics ;J4

Boston Society of Natural History 496
Municipality of Boston i

Dr. Brewer 1

S. H. Scudder 2

Charles Sumner 100

Drs. Warren and Storer oO

Brooldyn, N. Y.—
Long Island Historical Society 12

Cambridge, 3Iass.—
American Association for Advancement of Science 55
Cambridije ( )l>scrvatory 200
Harvard^Vdleg-e 24
Museum of Comparative Zooloq-v 525
Prof. Asa Gray

"."

19

Columbus, Ohio—
Oliio State Board of Agriculture 1 02

Easion, Pa.—
Rev. Lyman Coleman 10

Hartford, Conn.—
American Asylum for Deaf and Dumb 16

Jancsville, Wis.—
Institution for tlie Blind 12

Little EocJc, ArJc.—
State of Arkansas 20

Martindcdc, N. Y.—
Rev. W. I. Loomis 20

Montreal, Can.—
Prof. J. W. Dawson 33

New Bedford, Mass.—
J. H. Thomson J

New Haven, Conn.—
Connecticut Academv of Sciences 50
Prof. G. J. Brush. /. 1

Prof. J. D. Dana 31
Prof. O. C. Mju-sh 50
Prof. A. E. Verrill 11

Neiv York, N. Y.—
AmQrican Institute 54
New York Lyceum of Natural History 116
American Christian Commission \ 170
United States Sanitary Connnission 99
Mrs. Samuel Colt . .

.

'. 16
A. M. Edwards 1

Dr. J. S. Newberrv 9
5 s
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No of pkgs,

Nortliampton^ Mass.—
State Lunatic Asylum 36

Pliiladclx^hia, Pa.—
Academy of Natural Sciences IS

i

American Pharmaceutical Associatiwi 7

American Pliilosopliical Society 4G0
Conchological Section, Academy Natural Sciences 7:2

Historical Society of Peuns^'lvania 2-5

Numismatic and Antiquarian Society 21

Pennsylvania House of Refui^'e 100

Pennsylvania Institution for Deaf and Diunl) 100

Prison Discipline Society 100
Public Schools 96

James Barclav 3

Rev. E. R. Beadle
Henry C. Lea 4

Princeton, N. J.—
A. D. Brown 4

Providence, R. I.—
Dr. E. M. Snow 65

Edwin M. Stone 15

Quebec, Can.—
Literary and Historical Society 34

Salem, 3Iass.

Essex Institute 110

Dr. A. S. Packard 6

San • Francisco, Cal.—
California Academy of Natural Sciences 54

St. Louis, Mo.—
Academy of Sciences 7

St. Paul, Min.—
Minnesota Historical Society IS

South Bethlehem, Pa.—
Dr. C. M. Wctberill 26

Toronto, Can.—
Canadian Institute '. 5

Washingto7i, D. C.—
Columbia Institute for Deaf and Dumb 50
Hydrographic Office, Navy Department 61
Medical Department United States Armv 51
Public Schools ". 200
Secretary of War 500
United States Coast Survey 141
United States Engineer Department 2

United States Hospital for Insane 28
United States Naval Observatory 188
United States Patent Office 216
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No. of pkgs.

Washington
J
I). C.—Continued.

Cleveland Abbe I

Archibald Campbell 9

J. Distiirnell 1

Admiral Davis 60
Dr. Elliot Cones f)0

Th. Poesche 3

J. H. C. Coffin 6
A. 11. llossler 1

Peter Force 300
Dr. Kins: 'iO

6,016

C.

—

Paclcages ivccivcd hfj the Smithsonian Institution from Europe in 1867, for
distribution in America.

ALBANY, NEW YORK.

Albany Institute

Bureau of Military Statistics

Dudley Observatory
Homoeopathic Medical Society
New York State Ag^ncultural Society.

New York State Library
New York State Medical Society
New York State Uuiversit y
State Cabinet of Natural History

V

AMHERST, MASSACHUSETTS.

Amherst College

ANN ARBOR, MICHIGAN.

Observatory

AUGUSTA, MAINE.

Maine Insane Hospital

AUSTIN, TEXAS.

Texas State Lunatic Hospital .

Baltimore, Maryland.

Maryland Academy
JIaryland Historical Society
Medical Hospital for Insane
Peabody Institute

BLACKWELL'S island, new YORK

New York City Lunatic Asylum

6
4

21
1

18

26
3
6
2

boston, MASSACHUSETTS.

American Academy of Arts and Sci-

ences
American Statistical Association
American Unitarian Association
Boston Christian Register

Boston Journal of Medicine
Boston Society of Natural History. ..

Bowditch Library
Christian Examiner
Massachusetts Historical Society
Mercantile Library Association
North American Review
Perkins Institution for the Blind
Prison Discipline Society
Public Library
State Library

buffalo, new YORK.

Historical Society

brattleboro', verimont.

Vermont Asylum for Insane

BROOKLYN, NEW YORK.

Long Island Historical Society

BRUNSWICK, MAINE.

Bowdoin College ,

BURLINGTON, VERMONT.

University of Vermont :

107
10

3

3
1

209
3
3

2
1

3
2
1

10
7
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Packages received hij Smiihsonian Insiiiuiion, dx.—Continued.

CHARLOTTESVILLE, VIKGIXIA.

Univeisity of Virginia

CHARLESTON, SOUl H CAROLINA.

Elliott Society of Natural History

Society Library
South Carolina Historical Society

CAMBRIDGE, MASSACHUSETTS.

American Association for Advance-
ment of Science ,

Astronomical Journal
Harvard College
Museum of Comparative Zoology ...

Observatory of Harvard College

CANANDAIGUA, NEW YORK.

Brigham Hall Asylum

CHICAGO, ILLINOIS.

Chicago Academy of Science.

Historical Society

Observatory

It, 03

28
2
17

21

30

DAYTON, OHIO.

Southern Lunatic Asylum...

DETROIT, MICHIGAN.

Historical Society
Michigan State Agricultural Society.

CINCINNATI, OHIO.

Historical and Philosophical Society..
Mercantile Library ,

Observatory

CLINTON, NEW YORK.

Observatory of Hamilton College..

COLUMBIA, SOUTH CAROLINA.

South Carolina College

COLUMBUS, OHIO.

Central Lunatic Asylum
Ohio State Board of Agriculture...

CONCORD, NEW HAMPSHIRE.

New Hampshire Asylum
New Hampshire Historical Society' . .

.

DANVILLE, KENTUCKY'.

Institution for Deaf and Dumb.

DES MOINES, IOWA.

Governor of the State of Iowa.
State Library

44
1

1

64

1

24

FLATBUSH, NEW YORK.

King's County Lunatic Asylum..

PRANKEORD, PENNSYLVANIA.

Asylum for Insane

FRANKFORT, KENTUCKY.

Geological Survey of Kentucky.

FULTON, MISSOURI.

State Lunatic Asylum

GAMBIER, OHIO.

Kenyon College

GEORGETOWN, D. C.

Georgetown College

HALIFAX, NOVA SC^ITIA.

Nova Scotian Institute of Natural
Sciences

HANOVER, NEW HAMPSHIRE.

Dartmouth Collejje ,

IIARRISBURG, PENNSYLVANIA.

State Library
State Lunatic Hospital.

HARTFORD, CONNECTICUT.

American Institution for Deaf and
Dumb

Historical Society

Retreat for Insane
Trinity College

Young Men's Institute

IIOPKINSVILLE, KENTUCKY.

Western Lunatic Asylum
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PacJcages received hy SmUhs&nian InsfifutiO'n, dx.—Continued.
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Packages received by Smithsonian Institution, d'C.—Continued

PITTSBURG, PENNSYLVANIA.

Western Pennsylvania Hospital

PORTLAND, MAINE.

Portland Society of Natural History..

PRINCETON, NEW JERSEY.

College of New Jersey

PROVIDENCE, RHODE ISLAND.

Brown University
Butler Hospital for Insane
ElioJe Island Historical Society
Secretary of State

QUEBEC, CANADA.

Literary and Historical Society
Observatory

RALEIGH, NORTH CAROLINA.

Insane Asylum

RICHMOND, VIRGINIA.

State Library

SACRAMENTO, CALIFORNIA.

State Agricultural Society

ST. JOHN'S, NEW BRUNSWICK.

Natural History Society of New
Brunswick

ST. LOUIS, MISSOURI.

St. Louis Academy of Sciences
Slavni Redakei Pozom
University

ST. PAUL, MINNESOTA.

Historical Society

SALEM, MASSACHUSETTS.

Essex Institute

SAN FRANCISCO, CALIFORNIA.

California Academy of Natural Sci-

ences
Observatory

SOMERVILLE, MASSACHUSETTS.

AtcLean Insane Asylum

o —

115
I

]0

51

1

STAUNTON, VIP'JINIA.

Western Lunatic Asylum

TRENTON, NEW JERSEY,

State Lunatic Hospital

TORONTO, CANADA.

Canadian Institute

Observatory

UTICA, NEW YORK.

American Journal of Insanity
New York State Lunatic Asylum

WASHINGTON, D. O.

American Nautical Almanac
Bureau of Navic^ation
Bureau of Statistics

C«nsus Office

Commissioner for Indian Afiairs

Library of Congress
Medical Department
National Academy of Sciences
Ordnance Bureau
Secretary of the Navy
Secretary of War
State Department
Treasury Department
United States Coast Survey
United States Department of Agricul

ture

United States Naval Observatory
United States Patent Office

War Department
Washington Public Schools

WEST POINT, NEW YORK.

United States Military Academy

WILLIAMSBURG, VIRGINIA.

Eastern Lunatic Asylum

WORCESTER, MASSACHUtJETT.S.

American Antiquarian Society

State Lunatic Hospital

Total addresses of institutions . 1 97

Total addresses of individuals . ir)U

Total number of parcels to

institutions 2, 356
Total number of parcels to indi-

viduals G15
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D.

—

Copy of circular relative to exclmngcs of government documents.

Smithsoxian Institution",

Washington, U. S. A., May 16, 18G7.

A law lias just been passed by the Congress of the United States authoriz-

ing' the exchange, under direction of the Smithsonian Institution, of a certain

number of all United States official documents for the corresponding publica-

tions of other governments throughout the world ; the returns to be placed in

the national library at Washington. The works to be distributed under thig

law will consist of reports and proceedings of Congress, messages of the Presi-

dent, annual reports and occasional publications of departments and bureaus,

&c., the whole relating to the legislation, jurisprudence, foreign relations, com-
merce, statistics, arts, manufactures, agriculture, geography, hydrography, &c.,

of the United States, and including everything, of whatever nature, published,

either by direct order of C(>ngress or by any of the departments of the govern-

ment. The series will embrace a large number of volumes each year, the most
of which are bound.

The object of the law above mentioned is to procure for the use of the Con-
gress of the United States a complete series of the puldications of other gov-

ernments, to include the documents of special bureaus or departments, as well

as the general publications, of whatever nature, printed at the public expense,

and also embracing all such works as are published by booksellers with the aid

of grants or subscriptions from governments. The law is not retrospective,

although it may cover some of the publications of the last session of Congress.

Some time will necessaril}^ elapse before the first transmissions can be made

;

but in order to organize a plan of exchange, to be presented for consideration

to the Library Committee and the librarian of Congress, I beg leave to ask
your advice as to the best method of accomplishing the objec^^s above stated.

It is important to ascertain Avhat governments are willing to enter into the pro-

])Osed exchange, and whetlier an}' one bureau or ])ranch of government or pub-
lic library in each country will undertake to collect all the national publica-

tions, as above mentioned, and transmit them to Washington, or whether sepa-

rate arrangements must be made with more than one office. The former plan

is considered preferable, as diminishing the labor involved, and may possibly

be adojned by enactment, as has V)een done T>y the United States. Whatever
method be most feasible, you will confer a favor by giving us such information

on these and other points as may serve for our guidance in further action.

Information is also desired as to the titles and character of the regular offi-

cial publications of each countr}-, and their average number and extent in each
year, as well as the names of the difl'erent bureaus or offices from which they

emanate.

The Smithsonian Institution, in behalf of the Library of Congress, is pre-

pared to promise, if necessary, the delivery of the above-mentioned ])ublica-

tions free of charge for freight. It will also name an agent in each country
who will receive the parcels or boxes containing the exchanges returned, and
transmit them to Washingtim.

Besides the exchange of complete scries of national ])ul)lieations, the law of

Congress above stated authorizes the distribution of works on special sul)jects

to ttic different bureaus having them in charge, as finance, statistics, patents,

agriculture, &c., provided that copies of their publications be given in return.

Very respectfully, your obedient servant,

JOSEPH IIEXPvY,
Secretary Smithsonian Institution.
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E.

—

Table sliowing tlie entries in Oie record hoolcs of the Smithsonian Institution

in 1865, 1S66, and 1867.

Class.

Skeletons and skulls

Mammals
Birds
Reptiles

Fishes
Eggs of birds

Crustaceans
Mollusks
Rad iates

A unelides

Fossils

Minerals
Ethnological specimens,
plants

Total

1865.

6, 609
8,416

4U, 554

6, 544
5,588
9,939
] , -^87

18, 103

2, 725
110

5, 907
4, 940

1,125

111,847

1866.

7,] 00

8, 885
45, 000
6,582
5,591
10,400
1,287

18, 500
2, 725

110

5, 920
-1,941

2, 260

119,10!

1867.

7,500
8, 900

50, 000

7, 150

5, 625
13,300
1,287

18,500
2, 725

110

6, 600
5,150
5, 400

175

132, 322

F.

—

Approximate table oj"distribution ofduplicate specimers by the Smithsonian
Institution to the end o/'lS67.

Class.

Osteology
Mammals
Birds
Reptiles
Fishes
EggB of birds
.StioUs

Radiates
Cnibtaceana
Marine iuvertebrates generally.
Plants
Fossils
Mia'Tals and rocks
Ethnology
Insects

Distribution to end
of 1866.

104
71(4

8, 1179

1,641
2, :i!i4

3, (;;)9

C7, 41';>

C.51

1,013
1, 833

1.3, 038
2,971
1,346

150

Total 105,050

1,

12,

2,

5,

9,

162,

104

574
286
6;;9

ir.0

379
214
727
516
152
303
557
579
150

233, 300

Distribution to end
of 1867.

1

14

1,358

30
188

4,352

3:^0

390
372

1, 19.)

9,114

1

14

2,293
106
50

722
7, 652

400
1,370
480
893

1,937

15, 923

Total.

105
808

9, 437

1, 662

2, 4-M
3,887

71,764
551

1,013
1, 838

13, 358
3,361
1,718
1,048
1.190

114,164

105

1,588
14, 579
2,715
5, 200

10, 101

169, 866
727

2,516
5, 1 52

18, 703

8, 927
6,059
1,048
],9:!7

249, 223

G.- -ADDITIONS TO THE COLLECTIONS OF THE SMITHSONIAN INSTITU-
TION IN 1867.

Academy of Naturcd Sciences, PhikicMphia.—Ten mounted bii-ds, various locali-
'

ties.

Alibcrt, J. P., (per Hon. (1. V. Fox, Assistant Secretary United States Navy.)

—

Mass of g-raphite inountcd, with associated rocks and manufactui'ed pencils,

Eastern Siberia.

Ashcom, G. W.—Insect molluscs, reindeer horns, Plover bay.

Austin, U. P.—Three bottles of insects, near Mount Vernon, Virg'inia ; 4 boxes
of insects from JMassachusetts.

Bannister, Henry 21.—General collection natural history, St. Michael's, Norton
sound.
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Barfsch, Franz.—Collection of mosses and algae, Austria.

BecJicr, Alexander and F. White.—Large stereoscope and views.

Bell, Hannah.—Indian stone relics, Allegany county, New York.

Bcrnaij, Br. F. T.—Collection of vegetable iibres, &c., Missouri.

Berthoud, Br. E. L.—Fossils, Indian relics, &c., Colorado.

Brigham d- Mann.—Series of corals, Sandwich Islands.

Bishop, N. II.—Skins and eggs of birds of Cuba.

Blarkbiirn, Charles and George.—Collection of birds' eggs, Iowa.

Blake, W P.—Specimens of wool of mountain goat, Russian America.

Bland, Thomas.—Collection of reptiles, spiders, &c., Inagua; 90 species of

land shells, America.

Boardman, G. A.—Ilelminthophaga pcregrina ; sterna of birds, skins, eggs, (Sec,

Maine.

Bolander, Br. H. N.—Collection of plants, California ; eggs of Grus canadensis,

Sierra Nevada, California.

Bond, Br. Thomas J.—Crotaphijtus in alcohol, Choctaw nation.

Brewer, Br. T. M.—Types of eggs figured in North American oology, various.

Bryan, 0. N.—Box bird skins, fossil bones, &c. ; miocene fossils, Maryland.

Bulkelei/, Colonel Charles S., (Robert H. Kennicott, William H. Dall, directtjrs

of scientific corps.)—28 boxes of collections of the Russian Overland Tele-

graph Expedition, in all branches of natural history, collected in part by
Bischoff, at Sitka.

Burton, Hon. A. A.—Creneral zoological collections, minerals, &c., Bogota;

sulphate of barytcs, Kentucky.
Butcher, Br. H. B.—General collection of birds, fossils, mammals, Texas.

Caldurll, B.—Box shells, Chappell island and Plover bay.

Canficld, Br. C. A.—Three boxes zoological specimens, California.

Carmiol, Julian.—Birds, 233 species, seeds of palms, &e. ; mammals, shells,

Costa Rica.

Christ, liichard.—Box of birds' eggs, Pennsylvania.

Clary Brothers.—Collection of birds' eggs, Illinois.

Cotter, B. .4.—Birds' eggs, St. Michael's.

Coolc, J. W.—Petrifaction.

Cooper, Br. J. G.—Nests, eggs, birds, reptiles, shells, California.

Croclcer, Allan.—Numerous birds' eggs, &c., Kansas.
Csapkay, B. J., U. S. consid.—Carved wooden box, tobacco pouch, chikVs coat,

drinking cup, cane, IIungar3\

Ball, W. H.—General collections, North Pacific ocean.

Bavis, Henry.—Indian relics and river shells, Iowa.
Bayton, E. A.—Yei'tel)rie of fossil saurian, opposite Aquia creek, Virginia.

Bichl, Israel S.—Wool of Angora goat raised in Ohio ; casts of Assyrian seals.

Boiv, Captain J. 31.—Skin of tern, Yeragua.
Edmonds, Hon. J. W.—Stone axe, ancient mines of Lake Superiw-.

Edwards, Baniel.—Indian stone relics, Genesee county. New Yorlc.

Endres, J. II.—Humming lurds in skins and in alcohol, Costa Rica.

Fletcher, N.—Reindeer horns. Plover bay, Siberia.

Foreman, Br. E.—Scops asio, (young,) Maryland.
Freeman, Professor.—Collection of reptiles, insects, vampire bat, living achatina,

fibres of blood-root, &c., Liberia, Africa.

Fox, Hon. J. v., U. S. N.—Three boxes minerals and metallurgic specimens,

Sweden.
Gibbs, George.—Specimens of limestone, Kansas.
Giraud, J. P.—Types of " 16 new species of Texas birds," Texas.
Glasco, J. 31.—Grasshoppers, Texas.
Glover, Professor T.—Seeds of Boehmeria nivca.

Goulding, B. P.—Specimens of nickel and cobalt, Scotland.
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G-ray, Dr. C. C, U. S. A.—Six bottles insects, tliree boxes shells.

Gray, R. J.—Collection of birds from Mexico.

Grayson, Colonel A. J.—One box of birds, Mazatlan.

Green, Jasper.—Cast of fossil plant, Schuylkill county, Pennsylvania.

Green, T. H.—Indian stone relics, New York.

G-ruber, F.—Box of birds, California.

Hague, Henry.—Bird skins, two skins of Panypiila stihkronymi and nest, small

box river shells, Guatemala.

Haimnrj, W. J.—Stone lamp, Plover bay.

Hall, C. F.—Eggs of snowy owl and pair of ftir mittens, (Esquimaux,) Hudson's

Bay.
Hardeman, George.—Box bird skins, San Salvador.

Harvey & Holden.—Specimens of vaneties of Ostrea virgmca.

Hayes, I. I.—Skeleton and skulls of walrus, North Greenland.

Hayden. Dr. F. V.—Fossils, rocks, &c., Nebraska.

Helper, H. li.—Bones of mastodon, fossil shells, Buenos Ayres.

Hepburn, J.— Brachyramplms marmoratus and four soecies of birds' eggs,

Vancouver island.

Hitz, Dr. It. B.—One box of fossils, Iowa.

Hudson, W. H.—123 bird skins, Buenos Ayi-es.

Huson, Aldai W.—Various zoological specimens presented through Colonel

Bulkeley, mollusks and fishes, north end of Vancouver island.

Intertropical Company, New York.—Specimens of fibres and nuts.

Irwin, Dr. B. J. D.—16 bottles reptiles, &c.. New Mexico.

Jones, Strachan.—Birds' eggs and skins, Indian satchel. Fort Rae.

Kelsey, Captain W. H.—Wooden plate of natives, Plover bay.

Kennedy, J. C. G.—Snake and dried plant, Maryland.

Ketchum, FranJc.—Skulls of Indians, &c., Yukon.
King, Clarence.—Two boxes zoological and geological specimens, Nevada.

Kircheval, A. W.—Rock specimens, &c., Virginia.

KJerulf, Professor H.—Minerals, fossils, rocks, Norway.
Kluge, Dr. J. P.—Collection of fishes and Didelphys quica and young, in alco-

hol, Aspinwall.

Krider, J.—25 mounted birds, various.

De Lacerda, A.—Collection of birds, Brazil.

Lahmann, F.—Box of minerals and fossils, Costa Rica.

Latimer, George.—Four jars crabs, crows, snake, Porto Rico.

Leacoch, B. B.—Two bird skins, Trinidad.

Lemon, W. C.—Skull of mountain sheep, Kamtschatka.

Lewcrs, Lydia.—Arrow-heads, Iowa.

Lewis, Dr. James.—Box small land and fresh-water shells. New York.

Lincecum, Dr. Gideon.—Box of cretaceous fossils, shells, &c. ; insects and alco-

holic preparations, from western Texas.

Lincecum, Lysandrr R.—Skulls of mammals, Texas.

Long, James H.—Living owl. District of Columbia.

Longsdorf, Henry A.—Black sand underlying Prairie BluflF, Missouri.

Lytic, W.—Prodiirfus costatus, Indiana.

McDonald, Prof. Marshall.—Box fossils, chert limestone; Helicina occulta, Say,

Virginia.

Mapes,H. H.—Insects in alcohol, Michigan.

Merritt, John C.—Indian arrow-heads, iron ore, &c.

Minor, Dr. T. T.—Que box Indian relics ; skull of buffalo
;
Nebraska.

Morch, D,—Cyprina islandica, varieties, and other European shells; type

specimens of a memoir on fresh-water and land shells of Greenland.

Moore, C. R.—Birds' eggs, Indian relics, Virginia.

Morgan, L. H.—Six skulls of beaver, Lake Superior.
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Iludgc, Prof. B. F.—Box of fossils, Kansas,

JSfatuyhisforischcr Vcrein, of 1854.—Specimens lepkhptera.

O'Bonoghue, John 0.—Dredgings of silt, St. Mary's river, Michigan.

Palmer, Dr. E.—Six boxes collections of natural history, Indian relics, &c.,

Arizona.

Parlemcai, Dr. W.—Stone axes, Iowa.

Parlrr, Dr.—Two boxes of specimens gray ]\Iedina sandstone, New York.

ParrisJi, John II.—Eggs of Antrostomus Carolincnsis, Alabama.

Parsons, W. B.—Bat, in flesh, Kansas.

Patterson, F. A.—Stuffed skin of rattlesnake.

Peale, Franldin.—Photograph of Indian arrow-heads, Philadelphia.

Pease, Charles.—Zoological collections, Russian America.

PhiUip, Dr. li. A.—338 specimens birds, Chile.

Poci/, Prof. F.—Keg of fishes, Cuba.

Posten, Col. Charles D.—Playing cards of raw hide, made and used by the

Coyotero Apaches in the game of monto, Arizona.

Potts, Dr. John G.—Box of shells and Merguhis alle, in flesh, Virginia.

Procancher 31. Abbe.—Coleoptera, Canada.

Bandal, F. 0.—Many living specimens of Menopoma Allcghaniensis, Pennsyl-

vania.

Basin, B. W. L.—Three bottles reptiles, (fcc, Navassa island.

Bccd, 31. C.—Indian remains from a mound near Chattanooga.

Biccksecl;er, L. E.—Birds' eggs, Pennsylvania.

Bklgwan, B.—Bird skins, skulls, eggs, skin of albino Tardus mrgratorius, Illi-

nois.

Bieliardson, 3Ir.—Slag, from the conflagration of New York Crystal Palace,

New York.

Biofte,IIon. C.N.—Five acoms evergreen oak, Costa Rica.

Bodifcr, J.—Specimens of iron ore, Virginia.

Bocsslcr,A.B.—Indian aiTOw-heads, New Mexico.

Bothrock, J. F.—Box of plants, Russian America ; Indian relics, British

Columbia.

Boyal College of Surgeons, London.—Box of sterna of birds, Australia.

Bugter, White De.—Mineral concretions and nodules, Indiana.

Bussell, B. S.—Impressions of ferns in sandstone, Pennsylvania.

Salvin, Osbert.—Collection of birds, from Veragua.
Samuels, E.A.—Eggs of Contopus borealis, Scops asio, &c., Massachusetts.

Sawkins, J. G-.—Foraminifera, in yellow limestone, Jamaica, West ladies.

Scammon, Captain.—Skeleton of seal, also plants, soundings, fishes, shells,

Plover bay and Emma harbor.

Schugler, T. J.—Lot of shells. Plover bay.

ScJwnborn, A.—Fom- bottles of reptiles, fish, insects, from Fort Laramie.

Schott, Dr. A.—Cotton from Bombgx pcntandra, Yucatan ; also, Yucatan lepi-

doptera:

Scott, Ansel.—Specimens of the wood of white-pme tree, long buried in

swam[)s; also Indian arrow-head, Pennsylvania.
Shiite, J. G.—Six sets birds' nests and eggs, Massachusetts.

Sliimer,Prof. Henry.—Box bird-skins, Illinois.

Sigel, W. II., Director of Hamburg Zoological Garden.—Two cages, containing

300 Passer domesticus, (house sparrow ;) 10 arrived living.

Smith, E. E.—Shells and plants, Puget sound and Plover V)ay.

Stearns, B. E. C.—Collectiou of shells, .skull of panther. Pacific coast.

Sumichrast, Prof. F.—Collectitjn of reptiles, fishes, and insects, in alcohol,

Orizaba.

Swan, J. G.—Two boxes ethnological and zoological specimens, Puget sound.

Thompson, J. W.—3Iontacata Gouldii, Thompson, Massachusetts.
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Tolman, J. W.—Collection of birds' eggs, Illinois.

Toivnscnd, W. A.—Star Hslies, Plover hay.

Tripp, T.Martin.—Nest of Empidonax minimus and other eggs, New Jersey.

Tyler, Boberi.—Box of minerals, shells, and marine invertebrates, Great Britain.

Van Tassel, I.—Skull of rabbit, &:c., 13e]iring straits.

Van Frantzius.—Skin of Cathants, Costa Hica.

Van Orman, J.—Indian pottery, Iowa.

Van Fatten, Dr. C. H.—Birds and other collections, Guatemala.

Walrfield, Br.—PoUoptiJa phimhca, Sonora.

Wedker, I)r. li. L.—Living Menop)amas and Trionix, Pennsylvania.

Walton, Henry.—Tin ore^ Missouri.

Warren, General G. K.—Box of ethnological collections and heads of antelope,

upper Missouri.

Wheatley, Charles M.—Land and fresh-water univalves, America.

White, F.—See A. Becker.

Wlujmpier, F.—Plants, Petropaulowski.

Williams, Br. J. A.—Two boxes named fossils and shells, Missouri.

Wdson, B. S.—97 borings of artesian wells, Ohio.

Wood, Br. W.—Birds' eggs, Connecticut.

Wright, Charles.—Birds and nests, Cuba.

Wright, Major G. M.—Tschuchtschi skulls, Plover bay.

Zoological Museum, Berlin.—Collection of Oris and reptiles, Europe and Asia.

H.

—

List of the Expeditions and other sources from- which the specimens in tlie

Government Museum have been mainhj derived.

1. United States Exploring Expedition, under Captain Wilkes, United States

navy, 1838-42. The collections made by this naval expedition are supposed

greatly to exceed those of any other of similar character ever fitted out by any
government ; no published series of results comparing in magnitude with that

issued under the direction of the Joint Library Committee of Congress. The
collections made embrace full series of the animals, plants, minerals and ethno-

logical materials of the regions visited, such as the coast of South America, the

islands of the South seas, &c. The natm-alists of the expedition were Titian E..

Peale, J. D. Dana, Charles Pickering, W. Rich, J. P. Couthony, and W. D.

Brackinridge.

2. Exploration of the Amazon and its tributaries in 1851-'o2, by Lieutenant

W. E. Herndon, United States nav}-. The collections made consist chiefly of

vertebrate animals and ethnological material.

3. Exploration of the valley of Great Salt Lake, by Captain Stansbury,

United States army, in 185L Collections in character much like the last.

4. Explorations of the Zuni and Colorado rivers, by Captain Sitgrcaves,

United States army, in 1851 and 1852, and the survey of the Creek boundary

and Canadian Fork of the Arkansas, in 1856, })y Captains J. C. AVoodruft" and

Sitgreaves, Dr. S. W. Woodhouse, naturalist.

5. Presents made to the United States by the King of Siam and other f(jr-

eign governments, deposited by the State Department.

6. Exploration of Commodore M. C. Perry, United States navy, made while

negotiating a treaty with Japan, and the presents to the United States govern-

ment through him from the Japanese authorities.

7. From Dr. D. D. Owen in his United States geological explorations in the

west.

8. Indian paintings from the AYar and Indian Departments.

9. United States geological survey made in Iowa, Illinois, and Minnesota,

under Dr. D. D. Owen.
10. United States geological siu-vey, made on Lake Superior by Messrs. Fos-

ter and Whitney.
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11. Geological exploration made hy Dr. Charles T. Jackson on Lake Superior.

12. Geological survey made in Oregon and Wasliington Territory by Dr. J.

Evans.
13. The expedition to Chile under Lieutenant J. ^l. Gilliss, United States

navy. Vertebrates and minerals.

14. North Pacific surveying and exploring expedition under Captains Ring-

gold and llodgers, United States navy, chiefly in the China seas, Behring's straits,

coast of California, &c., in 1853 to 1856 ; W. Stimpsou and Charles Wright,

principal naturalists.

15. The siu'vey of the line between the United States and Mexico, first

organized under Hon. J. B. Wcller, as commissioner, and Major W. H. Emory,
as chief of tlie scientific department; then under J. R. Bartlett, as commissioner,

and Cok)nel J. D. Graham, chief of the scientific coqis, succeeded subsequently

by Major W. H. Emory ; then under General R. B. Campbell, commissioner,

and ^lajor W. Ef. Emor}-, chief of the scientific corps ; together with the survey

of the boundary line of the Gadsden purchase, nnder Major W. H. Emory, com-

missioner, 1850 and 1856 ; collectors John II. Clark, Arthur Schott, C. C. Parrv,

Charles Wright, and Dr. T. H. Webb.
16. Pacific railroad survey, of the 38th, 39th, and 47tli parallels, under Gov-

ernor Stevens, in 1853-54
5 -D^'- George Suckley and J. G. Cooj)er, collectors.

17. Pacific railroad snrvey on the 38th, 39th and 41st parallels, under Cap-
tains J. W. Gunnison and E. S. Beckwith, in 1853 and 1854; Mr. F. Ivreutz-

leldt, principal collector.

18. Pacific railroad survey on the 35th parallel, under Captain Whipple, in

1853 and 1854; Drs. C. B. Kennerly, J. M. Bigelow, Jules Marcou, and H. B.

Mollhausen, collectors.

19. Pacific railroad survey on the partial route in California, under Lieuten-

ant Williamson, in 1853 and 1854; Dr. A. S. Hecrman and W. P. Blake, col-

lectors.

20. Pacific raili-oad survey on the western end of the 32d parallel, under Lieu-

tenant Parke ; in 1853-54, Dr. A. S. Heermau and Dr. Autisell, collectors.

21. Pacific railroad survey, on the eastern end of the same parallel, under Cap-
tain Pope, in 1853.

22. Pacific railroad survey in California and Oregon, under Lieutenant Wil-
liamson, in 1855 ; Dr. J. S. Newberry, collector.

23. Expedition of Captain Pope to sink artesian wells on the Llano Estacado,

in 1854, &c. ; Dr. G. P. Slunnard, geologist.

24. Northwestern boundary survey in ]857-'61, under A. Campbell, esq.; Dr.

C. B. Kennerly and Geo. Gibbs, collectors.

25. Expedition of Captain Page, United States navy, in 1853 and 1856 to

the Parana and its tributaries ; Ed. Palmer, collector.

26. Expedition to the Isthmus of Darien, by Lieut. Michler, United States

army, in 1857 ; Arthur Schott, aided l)y W. S. and Charles Wood, collectors.

27. Expedition of Lieutenant Bryan during two seasons spent in constructing

a wagon road from Fort Riley to Bridgers pass, in 1856 and 1857 ; W. S. Wood,
collector.

28. Expedition to upper Missomi and Yellowstone in 1856, under Lieutenant
Warren ; Dr. F. V. Ilaydcn, collector.

29. Expedition to the Black Hills, Loup Fork of the Platte, in 1857-'58, by
Lieutenant Warren ; Dr. F. V. Ilayden, collector.

30. Expedition to the Red river in 1S52, by Captain Marcy ; Captain G. B.

McClellan, principal collector.

31. South Pass wagon road expedition, under W. M. Magraw, in 1S57; Dr.

J. G. Cooper and C. Drexler, collectors.

32. Exploration of the Colorado river, under Lieutenant Ives, in 1857; Dr.

J. S. Newberry and H. B. Mollhausen, collectors.
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33. Explorations in Kansas, Nebraska, and Utah, by Captain J. H. Simpson,

United States army, in 1858-59 ; Dr. G. Engelmann, geologist; C. S. McCarty,

collector.

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

35. JEl Paso and Fort Yuma wagon road expedition, under J. B. Leech, esq.,

in 1857-'58, by Dr, S. Hayes.

36. Wagon road expedition from Walla-Walla to Fort Benton, under Lieu-

tenant John Mnllan, United States army, in 1859 ; Johu Pearsall and Mr. Hil-

dreth, collectors.

37. Exploration of the upper Missouri and Yellowstone, by Captain J. W.
Raynolds, United States army, in 1859-60

;
Ur. F. V. Hayden and Geo. H.

Trook, collectors.

38. Ex])loration of the San Juan and upper Colorado, by Captain J. N. Ma-
comb, United States army, in 1859; Dr. J. S. Newbeny, collector.

39. Commodore Pen-y's Japan expedition, in 1854.

40. Exploration during the march of troops to Oregon, via Fort Benton, under

Major J. H. Blake, in 1860, by Dr. J. G. Cooper.

41. Survey of the northern boundary of Texas in 1860, by Mr. J. 11. 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 Angelos,via the Huerfano pass, in

1854, by Lieutenant E. F. Beale.

45. General Sully's expedition to the upper Missouri, &c., by S. M. Rotham-

mer.

46. Artesian well expedition to the Llano Estacado of Texas, in 1857, by
Captain John Pope.

47. Explorations of the Brazos and Wichita rival's, 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 with Captain Gilliss's expedition, in 1853 tuid 1854.

49. Survey of the southern boundary of Kansas, under Lieutenant Colonel

J, S. Johnston, in 1857 ; collections made by J. H. Clark.

50. Exploration of the La Plata river and its tributaries in 1857 and 1860, by
Captain T. J. Page, United States navy; Chris. Wood, collector.

51. Exploration of Russian America, under the 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 Kiug.



LIST
OF

METEOROLOGICAL STATIONS AND OBSERYERS OF THE SfflTHSONLlN

INSTITUTION FOR THE YEAR 1867.

B signifies Barometer ; P. Psychoraeter; T, Thermometer; R, Rain gauge; A, All four instrumeuts; N, No.
instrument.

BRITISH AMERICA.

Name of observer.
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lAst of meteorological stations and observers, Sfc.—Continued.

ARKANSAS.
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List of meteorological stations and ohservcrs, S^v.—Continued

ILLINOIS—Continued.

Name gf observer.
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List of vietcorological stations and ohscrvers, Sfc.—Continued.

KANSAS.

I^ame of observer.



METEOROLOGICAL OBSERVERS.

List of meteorological stations and observers, t^r.—Continued.

MASSACHUSETTS—Continued.

83

Name of observer.
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List of meteorological stations and observers, Sfc.—Continued.

MONTANA.

Name of observer.
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Liist of inclcorolos,ical stations and ohservers, Sfc.—Continued.

NEW YORK—Continued.

85

Name of observer.
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List of meteorological stations and ohscrvers, Sfc.—Continued.

OREGON.

Name of observer.
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List of meteorological stations a?id observers, !fc.—Continued.

UTAH.

87

Name of observer.
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DEATHS OF OBSERVERS.

Stephen O. Mead, Claremont, New Hampshire, March 18, 1867.

James A. Paddock, Craftsbury, Vermont, April, 1867.

Professor Chester Dewey, Rochester, New York, December 15, 1867.

M. M. Matthews, M. D., Rochester, New York, November, 1867.

Henry M. Corey, Fernandina, Florida, August 19, 18C7.

Colleges and oilier insfifutions from u-hich meteorological registers ivere received

during the pear 1867, included in the preceding list.

Nova Scotia—
Alabama
Arkansas
California

Connecticut

Illinois

Iowa

Kansas
Maryland

Massachusetts .

Michigan
Mississippi

Missouri

New Hampshire
New Jersey
New York

Ohio

Pennsylvania

Tennessee...

Texas
Wisconsin

Acadia College

Greene Spriugs School
Normal School
State Insane Asylum
Weslej^an University
Young Ladies' Collegiate Institute

Lombard University
Northwestern University
Cornell College
Griswold College
Iowa State University
Agricultural College
St. Timothy's Hall
Mount St. Mary 's College
Amherst College
State Lunatic Hospital
Williams' College
State Agricultural College
Fayette Female Academy
St. Louis University
Grand River College
St. Paul's School
Rutgers College
Cohrmbia College
Institution for Deaf and Dumb
Erasmus Hall Academy ,

Oneida Conference Seminary
St. Francis Xavier College
University of Rochester
Farmers' College
Otterbein University
Urbana University
Woodward High School

Jeflerson College
Lehigh University

Lewisburg University
Stewart College
Lookout Mountain Educational Institu

tion

Tusculum College
Institution for Deaf and Dumb
Beloit College
Galesville University
Lawrence University

Wolfville.

Havana.
Helena.
Stockton.
Middletown.
New Haven.
Galesburg.
Evanston.
Mount Vernon.
Davenport.
Iowa City.

Manhattan.
Catonsville.

Emmittsburg.
Amherst.
Worcester.
Williamstowu.
Lansing.
Fayette.

St. Louis.
Edinburg.
Concord.
New Brunswick.
New York.
New York.
Flatbush.
Cazenovia.
New York.
Rochester.
College Hill.

Westerville.

Urbana.
Cincinnati.

Canousburg.
Bethlehem.
Lewisburg.
Clarksvilie.

Lookout Mountain.
Greenville.

Austin.
Beloit.

Galesville.

Appleton.
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METEOROLOGICAL MATERIAL CONTRIBUTED IN ADDITION TO THE REG-
ULAR OBSERVATIONS.

'

Academic Eoi/nlc dc Bclgique.—Observations des Etoilcs filantes periodiques

cle Noveinbrc, 18G6. (Extr. des Bulletins, 2me sdr., t. xxii, No. 12, 1SG6.)

Svo., 24 pages.

Sur I'lleuro des Cluites d'Aerolitlies, par M. Ad. Quctelet, secretaire perpetuel

de rAcademie Royale de Belgique. (Extr. des Bulletins, 2me ser., t. xxiii, No.
3, 1SG7.) Svo., 8 pages.

Etoiles fdantes.—Pul)lication des Annales Meteorologiqnes do I'Observatoire

Royal. Sur rileliograpliie et la Selenograpliie.—Orages observes a Bruxelles
ct a Louvain du 7 Fevrier jusqu'a la fin de Mai. Coiumunications de M. Ad.
Quetelet, Directeur de TObservatoire Royal de Bruxelles. (Extrait des Bulle-

tins, 2me serie, tome xxiii, Nos. 5 et 6, 1867.) Svo., 20 pages.

Administration des Mines dc Bussie.—Correspondance Meteorologique, pub-
lication annuelle de 1'Administration des Mines de Russie, redigee par A. T.
KupUer, Directeur de I'Observatoire Physique Central de Russie et membre de
I'Academie des Sciences de St. Petersbourc. Annee 1864. St. Petersbourg,

1865. 4to., 102 pages.

Asiatic Socictji of Bengal.—Journal of the Asiatic Society of Bengal, edited

by the Natiu'al History Secretary'. Calcutta, 1866 ; Svo. [Contains monthly
abstracts of the results of the hourly meteorological observations taken at the

surveyor general's. office, Calcutta.]

Ballon, Naham E., 31. I).—Su nmary of observations made during the year

1867, at Sandwich, De Kalb county, Illinois.

Bannister; Henri/ 31.—Observations made at Fort St. Michael, Norton sound,

Russian America, from October 1, 1865, to August 31, 1866. (The observa-

tions from December 10, 1865, to January 16, 1866, were made by Mr. J. M.
Bean.)

Bartlett, ErastiisB.—Summaiy of observations for the year 1867, at Palermo,
New York ; newspaper slip.

Board of Trade, London.—Reports of the meteorological department of the

Board of Trade, 1862, 1863, 1864; octavo.

Eleventh number of the meteorological papers published by authority of the

Board of Trade; appendix to report; 8vo. Twelfth number, miscellaneous

;

Svo. Thirteenth number, anemometry, at Halifax, Nova Scotia ; 4to. Four-
teenth number, barometers ; north and south latitudes

; 4to.

Barometer IManual, eighth edition ; Svo. Coast or Fishery Barometer Man-
ual ; fifth edition; Svo. Arrangements for Meteorologic 'J'elegraphy ; third

edition.

Wind Cliarts of the Ocean ; 16 large charts. Instructions and blank forms

for meteorological observations.

Bruhns, Brof Dr. C.—Meteorologische Beobachtungen, angestellt auf der

Leipziger Universitats-Sternwarte in den Jahren 1864 und 1865. Ileraus-

gegeben von Prof. Dr. C. Bruhns, Director de Sternwarte. Mit zwei graphi-

schen Darstellungen der Beobachtungen, von G. Schreiber. Svo., 192 pages.

Resultate aus den meteorologischen Beobachtungen, angestellt an mehrereu
Orten im Konigreich Sachsen in den Jahren 1760 bis 1S65, mid an den
zweiundzwauzig Konigl. Siichsischen Stationen im Jahre 1865, nach den
monatlichen Zusammenstellungen im statistischen Bureau des koniglichen Mini-

steriums des Innern. Bearbeitet von Dr. C. Bruhns, Director der Sternwarte
und Professor der Astronomic in Leipzig. Zweiter Jahrgang. Leipzig, 1867.

4to., 147 pages.

Chicago Acadcmg of Sciences.—Transactions of the Academy, volume 1,

part 1, Chicago, 1867. [Article II is "On the climate of the coimtry border-
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ing upon the great Nortli American lakes. By I. A. Lapliam, LL.D., of Mil-

waukee, Wisconsin."]

Cockiurn, S.—Ilain-fall at Belize, British Honduras, during each month from

August, 18(52j to Aprilj 1868, inclusive.—Meteorological phenomena at Belize,

1863.

Commission Tli/dromcfrique cf dcs Orogcs de Lyon.—Volume for 1866, 23d
year. It contains : llesume des observations recueillies dans les bassins de la

Saone, dn Rhone, et de quelques autres regions, accompagne de notices divei-ses.

—

Aperc^iis gcJncraux surles caracteres de I'annee 1866, et details au sujetdes oragcs,

par M. J. Fournet, President des Commissions Plydrometrique et des Orages.

—

Observations Mciteorologiques faites a 9 heures du matin a I'observatoire de

Lyon, du ler Decembre, 1865, au ler Decembre, 1866, par M. Aime Drian,

sous la direction de M. Lafon, Professeur a la Faculte des Sciences et Directeur

do I'Observatoire.—Resultats de la nouvelle serie d'observ^ations ozonometri-

ques, faites par ]\[M. le Docteur Lembert et F. Rassinier durant I'annee 1866.

—

Observations ]\Ieteorologiques faites par ]\Ii\I. Midre et Aristide Chariore a

Ahun, (Creuse.) 36 annecs d'observations, dont 33 completes.—Pluies et Neiges

tombees sur les diverses stations du departement du Rhone et autres annexes

en 1866.—Remarques sur la Regie Biigeaud relativement an temps, par M. H.
Lorenti ; lues a la Societe Imperiale d'Agriculture, d'Histoire Naturelle et des

Arts Utiles de Lyon, dans sa seance du 20 Juillet, 1866.—Details sur la distri-

bution des orages normaux dans le departement du Rhone, par M. J. Fournet.

—

Classification des Phc'uomenes produits par rdlectricite meteorique dans le

bassin du Rhone et aux alentours, par jM. J. Fournet ; lue a 1'Academic des

Sciences, Belles-Lettres et Arts do Lyon, dans la seance du 6 Mars, 1867.

Coucli, E. D.—01)servations on temperature and iace of the sky, made irreg-

ularly, ivom Noveml)er, 1861, to April, 1862, and during the years 1863 and

1864, at Salisbury, New Hampshire.
Coumhan/, Aristide.—Observations meteorologiques faites a Constantinople,

sur la coliine de Pera, par Aristide Coumbray. November, 1867, to March,

1868. Tables and diagrams.

Crisson, J. C.—See State Department.
Crowthcr, Benjamin.—Observations at Tuspan, Mexico, during September,

October, November, and December, 1867.

Dc^/uin, P. A.—Traite elementaire do physique theoriquc et experimentale,

avec les applications a la meteorologie et aux arts industriels, a I'usage des

facultes, des etablissemcuts d'euseignment secondaire, et des ecoles speciales du
gouvernement. Par P. A. Daguin, ancien clove de I'ecole normale, Professeiu-

de Pliysi<iue a la Facnlte des Sciences do Toulouse, Directeur de I'Observa-

toire, &c. Troisieme edition, avec phis de 1760 figures intercalees dans le

texte, et une planche en couleur. Toulouse, 1867. 8vo., 4 vols.

De Lyser, John.—Daily register of the weather at Hingham, Sheboygan
county, Wisconsin ; made morning, noon, and evening, during the year 1867.

Eddy, Levcns.—Summar^^ of observations for the j'car 1866, at Delavan,

Wisconsin
;
printed slip.

Ellis, J. M.—IMunthly review of the weather f..r 1867, compiled by J. M.
Ellis for the North American and United States Gazette, giving temperature,

rain, and mortality statistics at Philadelphia j also occasional notices of the

weather elsewhere.

Ernst, A.—Meteorological data for Caracas, Venezuela, South America,

communicated by Gr. A. Ernst, Caracas. 10 pages letter paper.

Fournet, 31. J.—Note sur le caractere periodique de retablissement des

journees orageuses, par M. J. Fournet, correspondant de I'institut. (Extrait du
Bulletin de 1'Academic Imperiale des Sciences, Bellcs-Lcttres et Arts de Lyon.)

8vo., 4 pages.

Geological Survey of India.—Catalogue of tha specimens of meteoric stones
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and meteoric irons in tbe Museum of tlie Geological Survey of India, Calcutta.

Calcutta, 186G. 8vo., 12 pages.

HakUngcfj W. Hitter von.—Der ]\[etcorsteinfall am 9. Juni, 186G, bei Knya-
liinya. (Zweiter Bericlit.) Von W. Ritter v. Ilaidinger, wirkliclicm Mitgliede

der kaiserlicben Akademie der Wissenscbaften. Mit o. Taieln. Vorgelegt iu

der Sitzuug am 11. October, 18CG. Vienna, 8vo., 48 pages.

Haidinr/cr, W.—Die Meteoriten des k. k. Ilof-Mineralicn-Cabinetes am 1.

Juli, 1867 ; 4 pages.

Hann, Jidlus.—Der Einfluss der "Winde auf die mittleren Wertbe der wicb-

tigeren meteoi'ologiscben Elemento zu Wien. Von Julius Ilann. (Aus dem
LVI. Bandc d. Sitzb. d. k. Akad. d. Wissenscb. II. Abtb. Oct.-Heft. Jabrg.

1867.) 8vo., 25 pages.

Hcbnstrcct, JoJui W.—Record of tbe amount of rain during Ma}-, from 1826

to 1846, at Lansingburg, tbree miles nortb of Troy, New York, and during May,
from 1848 to 1867, at Troy.

Heine, W.—Revue des Cours Scientifiques de la France et de I'etranger, 4

Mai, 1867. Paris, 4to. [It contains: '' Les Etoiles filantes. Essai de tbeorie

gencrale d'aprcs les travaux de M. Newton, des Etats-Unis.''] B\' M. W. de

Fonvielle, Pp. 356—365.

Heineken, Dr.—See Naturwissenscbaftlicber Verein.

Hyde, G. A.—Summary of observations for tbe year 1867, at Cleveland,

Obio. (Newspaper slip.)

Institut Egypticn.—Bulletin de ITnstitut Egyptien. Alexandrie d'Egypte.

No. 1 to 9 ; 1859 to 1865. [Contain observations at Port Said in June, 1859
;

No. 1, page 50. Observations at Port Said from June 1 to October 31, 1859
;

No. 2, page SO. Remarks by M. Colucci-Bey on tbe oltservations tbus iVa-

made in Egypt ; No. 4, page 55. Remarks on tbe observations made in

1859-60, at Alexandria
; No. 5, page 70]

Ives, William.—Climatology of Buffalo, New York, from obser\-ations made
by William Ives, from 1858 to 1867 inclusive ; four pages octavo

;
publisbed

in Tbomas' Buffalo City Directory for 1868.

JelineJi, Dr. Carl.—Zeitscbrift der osterreicbiscben Gesellscbaft fiir Meteoro-

logie. Redigirt von Dr. Carl Jelinek. Verlag von Wilbelm Braumiiller in

Wien
; 8vo. [Publisbed on tbe 1st and 15tb of every montb.]

Uber die Taglicben Anderungen_ der Temperatur nacb den Beobacbtungen
der Meteorologiscben Stationen in Osterreicb. Von Dr. K. Jelinek, wirkliclicm

Mitgliede der Kaiserlicben Akademie der Wissenscbaften. Vorgelegt in der

Sitzung am 12. Juli, 1866. Wien, 1867. 4to., 40 pages.

Uber die mittlere Temperatur zu Wien, nacb 90-ja,brigen Beobacbtungen, und
iiber die Ri^ickfalle der Kiilte im Mai. Von Dr. C. Jelinek. (Vorgelegt in

der Sitzung vorn 2. November, 1866.) 8vo., 83 pages.

Ueber die Stiirme des Novemlier nnd December, 1866. Von Dr. C. Jelinek.

(Vorgelegt in der Sitzung vom 14. Marz, 1867.) Mit 4 Tafeln. 8vo., 32 pages.

Kais. Geographische (xcsellschaft zu St. Petersburg.—Repcrtorium fiir Meteo-
rologie, berausgegeben von der Kais. Crcograpliiscben Gesellscbaft zu St.

Petersburg, redigirt von Dr. Ludwig Eriedricb Kamtz, Kaiserl. Russiscbem
Staatsratb und Professor zu Dorpat. III. Band. 1, 2, 3 Heft. Dorpat, 1863.

4to., 286 pages.

K. K. Centralanstalt fiir Meteorologie und Erdmagnctisnms.—Sunnnary of

observations issued montbly. Vienna, 8vo.
Kecmin, J. T. R.—Daily notes of tbe weatber, witbout instrimcnts, during

tbe year 1867, near Brookbaven, Lawrence county, Mississippi. Tal)le of tbe

dates of planting, germinating, and ripening of vegetables in 1867. Table
sbowing tbe last and first frost and date of first cotton l)looms and wben killed

by frost
5 also, dates of appearance and disai)pearance of birds.

Kingston Observatory.—See Williamson, James.
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Kongelige danshe Videnslcaherncs Sclskabs, (Iloyiil Danisli Society of Science.)

—

Oversigt over det kong-elige danske Videnskabernes Selskabs Forhandliuger, og

dets Medleuimers Arbeider i Aaret 1866. At" J. Japctus Sra. Steenstrup, Pro-

fessor ord. ved Kjobenhavns Universitet, Selskabets Secretaer. [Each number
contains meteorological observations at Copenliagen.]

Kongelige Landhnnslioldnings Sdsl:ah.—(Royal Society of Rural Economy.)

—

Aarsberetning fra det Kongelige Landhuusboldnings Selskabs meteorologiske

Comitee for 1864. Kjobenliavn, 1865. 8vo., 46 pages. Same for 1865 and

1866.

Femaarsberetning fra det Kongelige Landliuuslioldnings Selkabs meteorolo-

giske Comitee for 1861-1865. Kjobenbavn. 1867. 8vo., 132 pages.

KoninJdiJk Nederlcmdscli Meteorologisch Ir/stitiiid.—Nederlandsch ]\Ieteoro-

logisch Jaarboek voor 1866. Uitgegeven door liet Koninklijk Nederlandsch

Meteorologisch Institaut. EersteDeel. Waarnemingen in Nederland. Utrecht,

1866. Oblong 4to., 159 pages.

Nederlandsch M,eteorologisch Jaarboek voor 1866. Uitgegeven door het

Koninklijk Nederlandsch Meteorologisch Instituut. Tweede IJeel. Afwijkingen

van Temperatuur en Barometerstand op vele Plaatsen in Europa, met Waarn-
emingen van Regen en Wind, Utrecht, 1867. Oblong 4to., 234 pages.

LafhHcr, George.—Some observations on what is usually called the Great

Hurricane of 29th October, 1867, at Tortola, (or Petei-'s island,) Saint Thomas,
and Porto -Rico, in the West Indies.

Some observations regarding the carth(piakes in Saint Thomas and the neigh-

boring islands, commencing November 18, 1867.

Leeds Phdosophkcd and Litcrarii Sociefi/.—Forty-sixth report of the council

of the Leeds Philosophical and Literary Society, at the close of the session

1865-66; read at the annual meeting. May 1, 1866. [Contains an abstract of

the mean temperature and height of barometer, and amount of rain, for each

month during the year 1865, from the meteorological register kept at the hall

of the society.]

Lewis, James, M. D.—Hourly record kept at Mohawk, New York, during

the year 1867, by his self-recording thermometer and barometer. [Records were

also received in 1865 and 1866, but omitted to be noticed in the list published

in the annual report for those years.]

Logan, Dr. Thomas M.—Table showing the amount of rain at Sacramento,

California, during every month for 18 years, (1849 to 1867,) with remarks on the

wet and dry seasons, and the efl'ect of trees on the quantity of rain. (Newspa-

per slip.)

Madras Liicrary Socicfg and AuxRiary Bogal Asiatic Society.—Madras Jour-

nal of Literature and Science ; edited by the committee of the Madras Literary

Society and Auxiliary Royal Asiatic Society. April, 1858, to March, 1860.

New series. Vols. 4 and 5. 8vo. [Contain monthly tables of meteorological

observations kept at tlie Madras magnetic observatory.]

The JMadras Journal of Literature and Science ; edited by the honorable secretary

to the Madras Literary Society and Auxiliary of the Royal Asiatic Society. Third

series. Part 2. October, 1866. [Contains " daily and half-monthly results of

meteorological observations made at the Madras observatory in the year 1863."]

Margiiet, Professor J.—See Societe Vaudoise des Sciences Naturelles.

Maynard, Edward.—See State Department.

Meteorological Committee, Calcutta.—Report on the Calcutta cyclone of the

5th October, 1864, by Lieutenant Colonel J. E. Gastrell and Henry F. Elan-

ford, A. R. S.M., with maps and diagrams illustrating the origin and progress of

the storm and the track of the storm wave. Printed and published for the gov-

ernment of Bengal, by order of the lieutenant governor. Calcutta, 1866. 8 vo.,

184 pages.
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Meteorological Socicf//, (British.)—Proceedings of the Meteorological Society,

edited by James Glaisher, esq., F. R. S., secretary. London, 1867.

Meteorologische CcnfralansfaU cler Schioeizerisclicn GescUscha/f.—Sclnveizerisclio

Meteorologische Beobaclitungen, herausgegeben von der Meteorologischen Cen-

tralanstalt der Schwcizerischen Naturforschenden Gesellschaft, unter Direktion

von Prof. Dr. llvidolf Wolf. Zurich. 4to. (Published monthly)
Michigan State Agricultural College.—Fifth annual report of the secretary of

the State board of agriculture of the State of Michigan, for the year 1866. It

contains a copy in detail of the meteorological observati()ns for the year 1866,

taken at the State Agricultural College, by R. C. Kedzie, professor of chemistry.

Also, an article on the effect of forest trees on climate.

Miihrij, A.—Zur orographischen Meteorologie. Von A. Miihry. I. Ueber
den Fohnwind. (Nach den in den Tabellen des schweizer meteorologisclien

Beobachtungs-System enthaltenen Thatsachen.) II. Ueber das Verweilen einer

\varmeren Luftschichte in den oberen Regionen der Alpen. Svo., 16 pages.

Murplig, William W.—See State Dejtartment.

Natural Hisforij Socict/j of Northumhcrland, Durham, and Newcastle-upon-

Tyne.—Natural History Transactions of Northumberland and Durham. Vol. 1,

part 3. [Contains meteorological report for 1866. Edited by the Rev. R. F.

Wheeler, M. A., page 284-309.]

NaturwissenschaftlicJier Vcrein zu Bremen.—Zwelter Jahresbericht des Natur-

wissenschaftlichen Vercines zu Bremen. Fiir das Gessellschaftsjahr vom 1 . April

1866 bis Ende Marz 1867. Bremen. 1867. 8vo., 222 pages. [It contains :

" Witteruugsbeobachtungen zu Bremen in den 30 Jahren von 1829 bis 1858.

Angestellt durch Dr. med. Ph. Ileinekon." 74 pages.]

Navy Department.—Observations during the year 1867 at the naval hospitals

at New York, Philadelphia, and Norfolk.

Ncill, Thomas.—Table showing the amount of rain at Sandusky, Ohio, in

each month, from 1859 to 1867, inclusive.

Newton, H. A.—On certain recent contributions to astro-meteorolog}^, by H.
A. Newton. 8vo., 16 pages. (Extracted from the American Journal of Sci-

ence, May, 1867.)

Norshe Metcorologislce Institut.—Meteorologiske paa Christiania Observato-

rium, 1866. Christiania, 1866. Oblong folio, 52 pages.

Meteorologiske lagttagelser paa fern Telegrafstationer ved Norges kyst.

Reducerede og sammenstillede af J. J. Astrand, Bestyrer af Bergens Observa-
torium. Forstc og Anden Aargang. Udgivne af det kongelige Norske Fre-
deriks Universitet ved C. Fearnley, Bestyrer af Christiania Observatorium. Chiis-

tiania, 1866. Oblong folio, 158 pages.

Meteorologiske lagttagelser i det Sydlige Norge, 1863, 1864, 1865, 1866.

XJdgivnc af det Kongelige Norske Frederiks Universitet ved det Norske ]\Ieteo-

rologiske Institut. Christiania, 1867. Oblong folio, 280 pages.

Observatoire d'Athenes.—Publications de I'obseiwatoire d'Athenes, deaxiomo
serie, tome II. Beitrage zur pliysicalischen Geographic von Griechenland, von
J. F. Julius Schmidt, Director der Sternwarte zu Athen. Zweiter Band. Athen,
1864. Quarto. [Contains Meteorological observations at Athens for 1860 and
1861. Pages 1 to 113, and 163 to 206.]

Observatoire Physique Centred, St. Pctcrsbourg.— Compte-Rendu Annuel
adresse a S. Exc. M. do Reutern, ]\[inistre des Finances, par Ic Directeur de I'Ob-

servatoirc Physique Central A.-T. KuptFer. Annee 1864. Supplement aux
Annales de I'Observatoi^'e Physique Central, pour I'annce 1862. St. Petersbourg.
1865. 4to., 63 pages. [It contains meteorological observations for the year 1862
at St. Petersburg, Catherinburg, Barnaoul, Ncrtchinsk, Sitka, Tillis, Bogo-
slovsk, Zlatooiiste, and Lougan. Also, a table giving the tenqierature of the

winter, spring, summer, and autumn from December 1, 1862, to December 1, 1863,
at 25 stations.]
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Ohscrvatorio Magnctko y Mctcorologko del Bcal Colcgio cle Bden dc la Compa-
nia de Jesus en la Huhana.—Monthl}' bulletin of observations. 8vo., 8 pages.

Osscrvatorlo Astrononiico dclV Universita di Torino.—Bolletino Meteorologico

dell' University, di Torino. Anno 1866. Torino, 1867. Oblong 4to., 56 pages.

OesterrcichiscJic Gcscllschaft fur Mcteorologic.—Zeitschrift der Oesterreichi-

schen Gesellscliaft fiir Meteorologie. lledigirt von Dr. Carl Jelinek. II Band.

Vienna, 1867. 8vo., 584 pages.

Parvin, Professor Theodore S.—Summary of observations at the State Univer-

sity, Iowa City, Iowa, during tlie year 1866, and comparisons with the means of

twenty-five years. Two pages, 8vo.

Pil:c, Nieolas.—Sec State Department.

Plantamour, E.—Des Anomalies de la Temperature observees a Geneve
pendant les quarantc annees 1826-1865, par E. Plantamom', Profcsseur a.

I'Acaderaie de Geneve. Geneve, 1867. 4to., 63 pages. (Extrait des Memoires
dc la Sociote de Physique et d'llistoire Naturelle de Geneve, tome xix.)

Presfel, Dr. M. A. F.—Die periodischcn und nicht-periodischen Veranderun-

gen des Baromcterstandes, so W'ie die Stiirme und das Wetter iiber der hanno-

verschen Nordseekiiste, als Grundlage der Sturm- und Wetter-Prognose, darge-

stellt von Dr. M. A. F. Prestel, Oberlehrer der Mathematik iind Naturwissen-

schaften am Gymnasium zu Emden, Direktor der Naturforschenden Gescllschaft

daselbst. Mit zwei Tafeln in Steindi'uck. Emden, 1866. 4to., 150 pages.

Pretfner, J.—Klima und Witterung von Klagenfurt. Von J. Prettner. (Aus
dem Jahrbuch des Nat.-hist. Museums, VII, Seitc I.) Klagenfurt, 1865,

8vo., 80 pages.

Quetelef, Ernest.—Memoire sur la temperature de Tair a, Bruxelles, par

Ernest Quetelet, Membre de 1'Academic Ivoyale des Sciences, des Lcttres et

dts Beaux-Arts de Belgique. Bruxelles, 1867. 4to., 103 pages.

liawson, Governor C. B.—Report on the Bahamas hurricane of October, 1866,

with a description of the city of Nassau, New Providence. By Governor liaw-

son W. Iiawson, C. B. 8vo., 52 pages, with two charts.

Eeport of the Bahamas for the year 1864, by Governor Rawson. London,
1866. 8vo., 122 pages. [It contains three pages on the climate and meteo-

rology of the islands.]

Iicnl Acadcniia de Cicncias 2Iedicas, Fisieas y Naturales de la Habana.—
Anales de la Real Academia de Ciencias jMedicas, Fisieas y Naturales de la

Habana. Revista cientifica. Dircctores, Dr. D. Antonio Mestre y D. Marcos
de J. Melero, Habana. [Published monthly, and each number contains a sum-
mary of observations for the month, at Havana.]

Bealc Accademia delle Science di Torino.—Memoirs, second series, volume 23.

4to., Turin, 1866. [Contains: Memoire sur la loi du refroidissement des. corps

spheriques et sur I'expression de la chaleur solaire dans les latitudes circumpolaircs

de la tcrre, par Jean Plana. Lu dans la seance du 21 Juin, 1863. Also : Di un
barometro ad aria od aeripsometro, per la misura delle piccole altezze, di Gilberto

Govi. Memoria letta ed approvata nelF adunanza del 29 Marzo, 1863.]

Atti della R. Accademia delle Scienze di Torino, publicati dagli Accadcmici
Segretari delle due Classi. [Published monthly, and each number contains

meteorological observations made at the Astronomical Observatory at Turin.]

Bealc Insfifufo Lomhardo di Scienze^ Lettcrc ed Arti.—Atti del Reale Instituto

Lombardo di Scienze, Lettere ed Arti, vol. 2, 3, Milano, 1860—1864. Quarto.

[Contain :
" Osservazioui meteorologiche fatte nella nuova torre del Reale

Osservatorio Astronomico di Brera, dalF ab. Giovanni Capelli." (Jctober,

1859, to December, 1863, inclusive.]

Bealc Instituto Lomhardo di Scienze e Lettere.—Rendiconti. Classe di Scienzo

Matematicho e Naturali. Vol. 1, 2, 3. Milano, 1864, 1865, 1866. 8vo.

[Published monthly, and contain :
'' Osscrvazioni meteorologiche della specola

di Brcra, eseguito dall' abate Giovani Capelli ;" beginning with January, 1864.]

This is a continuation of the preceding article.
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Beale Miiseo di Fisica e Storia Nafuralc di Firenzc.—Annali del R. Museo
di Fisica e Storia Natnrale di Fircnze, per il anno 1865. Nuova serie, vol. 1,

Firenzc, 1866 ; 4to. [Contains metoo]'t)log'ical observations at Florence, from

January, 1853, to February, 1854; 28 pag-es.]

licaJc Osscrvatorio di Palermo.—Bulletino MeteoroLjgico del Realc Osserva-

torio di Palermo. (Estratto dal rriornalc di Scienze Naturali ed Economiche.)

Published monthly ; 8 pages, folio.

(.)sservazioni Meteorologiche eseguite nel Reale Osscrvatorio di Palermo nelF

anno 1864. 4to., 28 pages.

Jicgio Osscrvatorio deW Universita di Torino.—Bollettino IMeteorologico ed
Astronomico del Regio Osscrvatorio dell' Universita di Torino, Anno II.

1867. Oblong 4to., 82 pages.

liCuterjF.—Observations Motdorologi(pics, (1854-1863,) faites a Luxembourg
par F. Renter, professeur de chimie a, 1' Athenee royal g-rand-ducal do Luxem-
bourg. Luxembourg, 1867. 8vo., 124 pages.

liossct. Professor (J.—See Societe Vaiidoise des Sciences NaturcUes.

Boyal Society of Tasmania.—Results of twenty-five years' (1841 to 1865)
meteorological observations for Ilobart Town ; together with a two years' regis-

ter of the principal atmospheric meteors and aurora australis. By Francis

Abbott, F. R. A. S., &c., to which is added a meteorological summary for Ade-
laide, IMelbourne, Sydney, Auckland, &c., &c., as compiled from their respective

records. Ilobart Town, printed for the Ro3'al Society of Tasmania. 1866.

4to., 46 pages.

Monthly notices of papers and ])roceedings of the Royal Society of Tas-
mania, for 1863, 1864, 1865. 3 vols., 8vo., containing the meteorology for

each month.

SchiapareUi, G. V.—Intorno al corso ed all' origine probabile delle Stelle

jMeteoriche. Lettere di G. V. Schiaparelli al P. A. Secchi. (Estratto dal bulle-

tino meteorolocico dell' osscrvatorio del Gollegio Romano. Vol. 5, Ni. 8, 10, 11,

12.) Roma, 1866. 8vo., 34 pages.

DelF Influenza della Luna salle vicende atmosferiche. Memoria di G. V.
Schiaparelli, Jlembro efietivo del R. Istituto Lombardo, letta alia Olasse di

Scienze matematiche e naturali nella tornata del 24 Maggio, 1866. Estratto

dalle Memorie del R. Istituto Lombardo, vol. s. I della serie III. Milano,
1866. 4to., 26 pages.

Schmidt, J. P\ Julius.—I'l)er Feuermeteore, 1842 bis 1867. (Schreiben an
Herrn k. Hofrath Ritter v. Ilaidinger.) Von J. F. Julius Schmidt, Director

der Sternwarte zn Athen. Vorgeley-t in der Sitzung am 10 October, 1867.
Aus dem LVI Bde. d. Sitzb. d. k. Akad. d. Wissensch. II. Abth., Oct.-IIeft.

Jahrg. 1867. 8vo., 34 pages.

Schweizerische Naturforschende Gescllschaft.—Schweizerische Meteorolo-
gische Beobactungen, herausgegeben von der Meteorologischen Centralanstalt

der Schweizerischen Naturforschenden Gescllschaft, unter Direktion von Pro-

fessor Dr. Rudolf Wolf. Dritter Jahrgang, 1866. Zurich. 4to.

Scottish Meteorological Socicti/.—Journal of the Scottish jMeteorological

Society. Puldished quarterly. Edinbm-g, 1867. 8vo.

Sheplterd, Per. J. Arery.—Irregular observations at Pass Christian, Missis-

sippi, Mav to Julv, 1860; and at Montgomery, Alabama, September, 1860, to

April, 1861.
'

Sisson, Podman.— Summary of thermometer record kept at Abington,
Luzerne county, Pennsylvania, during the years 1864, 1865, 1866, 1867, giv-

ing the means of each month, also range and extremes, from observations made
daily at sunrise, noon, and sunset.

Smith, Haden Patrick.—Weekly abstract of observations kept at the Central
Park, New York, with a full set of instrmnents, from July, 1867, to the end
of the year.
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Smith, M. I).— Amount of rain in each montli from Novcmlier, 18G3, to

November, 1867, at Meadow Valley, Plumas county, California.

Societe (VAgriculture, Sciences, Arts et Belles-Letters du departement d'lndre-

et-Loire.—Annales de la Socictc. Puldiees sous la direction de IM. I'Abbe 0.

Chevalier, secretaire-perpetuel, Eedacteur. 8vo. [Published monthly at Tours.

Each numV)er contains meteorological observations made at the botanical garden
of Tours, by M. Barnsby.]

Societe (VAgriculture, Sciences et Arts de la Sarthc.—Bulletin, published

quarterly. [The last part for 1866 contains: '^TaVdeau resume des observations

meteorologiques faites au Mans en 1866, par M. D. Bonhomet.'']

Societe Imperiale des Naturcdistcs de Moscou.—Bulletin de hi Societe Imperiale

des Naturalistes de Moscou, public sous la redaction du Docteur Renard, 1866.

[Contains: '' Observations meteorologiques, faites a I'lnstitut des Arpenteurs (dit

Constantin) de Moscou, et communiquees par J. Weinberg."]

Societe Mctcorologique de France.—Nouvelles Meteorologiques, publiees sous

les auspices de la Societe Meteorologique de France. Commission de redaction,

MM. Charles Sainte-Claire Deville, president de la Societe ; Marie Dav}^, secre-

taire de la Societe; Renou, Lemoine, Sonrel. [Began January, 1868; published

the 1st of each month
; 8vo. 32 pages.]

Annuaire 1864, 1865, 1866.

Soci'te Yaudoise des Sciences Nedurclles, Lausanne.—Bulletin, volume ix,

No. 55, July, 1866. [Contains: Resume des Annees Meteorologiques 1863 et

1864, pour Lausanne, par J. Marguet, professcur; pp. 139-151. Also, for the

year 1865, four diagrams without text.]—Bulletin, volume ix. No. 5i!>, Decem-
ber 1866. [Contains: Note sur ITniluence de la Lune sur la Terre, par J. ]\Iar-

guet, professcur; pp. 225-236.— Qnelques observations anonuales faites sur

les Psychrometres a la station meteorologique do Bex, par C. Rosset, professeiu-;

pp. 243-249.]
State Depiartmcnt.—An account of a cyclone encountered in the Indian ocean,

January 6 and 7, 1867, by the United States steamer JMonocacy, while on her

passage from Simon's bay, South Africa, to Mauritius. By Nicholas Pike,

United States consul, Port Louis.

Observations made at Turk's Island, West Indies, in September and October,

1867, by J. C. Crisson ; forwarded by Edward Maynard, United States consul.

An accomit of the weather in Europe during the month of i\Iarch, 1867. By
William W. Murphy, United States consul at Frankfort.

Tagloe, Edicnrd T.—Table giving the auiouut of rain during each month
from 1850 to 1866, inclusive, at Powhatan Hill, King George county, Virginia;

also montbly averages for the whole period. .

Rains of tlie year 1867, at Powhatan Hill, King George county, Virginia.

Thorns, WiUiam I'aulds, M. D.—Diagram showing tlie effects of the meteoro-

logical influences on mortality in the city of New York, 1866.

United Sta.tes Naval Obserratorg.—Amount of rain measured at the United

States Naval Observatory, Washington, D. C, during each month from 1852

to 1867, inclusive, except the years 1861, 1862, 1863.

Unirersitdts-Bibliothek, Basel.—Die Erfindung des Thermometers und seine

Gestaltung im XVIII. Jahrhundert. Von Dr. Fritz Burckhardt. Mit einer

lithogr. Tafel. Basel, 1867. 4to., 56 pages.

H7/(Z, X>. //.—Die selbstregistrirendeu meteorologischen Instruraente der

Sternwarte in Bern. Von Dr. II. Wild, Professor der Physik an der Universitat

Bern und Director der Sternwarte daselbst. Extraabdruck aus dem II. Bande
von Carl's Repertorium. Wit 9 Tafeln, (No. XXII bis XXX.) Miiuclien,

1866. 8vo., 44 pages.

Willet, Joseph E.—Indian Summer, by Joseph E. Willet, professor of natural

philosophy and chemistry in ]\[ercer University, Georgia. From the American
Journal of Science and Arts, November, 1867. 8vo., 8 pages.

Williams, B. G.—Record of therroometer kept at Saugerties, Ulster county.
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New York, at 7 a. m., from January 14, 1863, to June 30, 1865, with daily

notices of weather during the same ]icriod.

Record of thermometer and barometer at Waterbury, Connecticut, for the

year 1866,

WiUiams, S. li.—Abstract of observations for each month of the year 1SG7,

at Lexington, Kentucky.
Williamson, James, JJiredorof the Kingston Ohservatory.—Al^stracts of meteo-

rohigical register, University of Queen's College, Kingston, Canada West, for

1859 and 1860, giving the means, range, and extremes of each month. On
printed slips. The slip for 1860 also contains the annual means for 1856 to

1861, inclusive.

IlciSj Professor Br.—Wochenschrift fiir Astronomic, Meteorologie und Geo-
graphic. Neue Folge. Zehnter Jahrgang. Redigirt von Professor Dr. Ileis in

Miinster. Druck und Verlag von H. W. Schmidt in Halle. [Year 1867
;
pub-

lished weeklv.j

Wright, J. W. A.—Summary of observations for the year 1867, at Greene
Springs, Alabama.—Six articles on the climate of central Alabama and Missis-

sippi, published in the "Alabama Beacon,'' containing facts and inferences

deduced from the observations made at Greene Springs, and their comparison

with other years and localities.

(
UnJoiOicn.)—Newspaper slips giving daily temperature and rain at Paramaribo

from June 6 to December 15, 1867, with a few omissions.

Meteorological registers received for



REPORT OF THE EXECUTIVE COMMITTEE.

The Executive Committee respectfully submit tlie following- report iu relation

to the funds of the Institution, the receipts tuul expenditures for the year 1SG7,

and the estimates for the year 186S

:

STATEMENT OF THE FUND,

The original amount received as the bequest of James Smithson,

of England, deposited in the treasury of the United States, in

accordance with the act of Congress of August 10, 1846 $515, 169 00
The residuary legacy of Smithson, received in 1865, deposited in

the treasurj^ of the United States in accordance with the act of

Congress of February 8, 1867 26, 210 63

Total bequest of Smithson 541, 379 63
Amount deposited in the treasury of the United States, as author-

ized by the act of Congress of February 8, 1867, and directed

by the Board of Regents, derived from part of savings of income
and increase of value of investments 108, 620 37

Total permanent Smithson fund in the treasury of the United
States S650, 000 00

In addition to the above there remains of the extra

fund derived from savings of income, &c., Virginia

State 6 per cent, bonds for 853, 500 00
Also, additional Virginia bonds issued for unpaid in-

terest to January 'l, 1867 19, 260 00

Par value $72, 760 00

Present value, about $30,000.

Bcccij^fs and expenditures for 1867.

EECEIPTS.

Interest on the original bequest of Smithson, viz :

6 per cent, on $515,169 $30, 910 14
Interest on the amount added to the original prin-

cipal in the United States treasury, authorized

by act of Congress Februarv 8, 1867, viz : Fel)-

ruary 19, 1867, $34,831; Februarv 27, $30,544;
April 1, $68,906 25 '

6, 420 68
Interest on United States 7-30 bonds, from Februar}'-

15, 1865, to Febraary 19, 1867, on $54,150 7, 907 00

Interest on Virginia bonds, viz : 4 per cent, on

$53,500, to December 31, 1867, (less brokerage) . 2, 033 00

Interest on Washington citv l)ond, viz : 6 per cent.
' on $100 to July 1, 1867,' (4^^ years) 27 00
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Sales of bonds and stocks, viz

:

$54,1-30 United States 7-30s $57,468 00

15,000 Tennessee 6s 9,586 78

75,000 Indiana 5s 68,906 25
500 Georgia 6s 358 71

100 Wasldng-ton 6s 100 00

136,419 74

Sale of coin interest 14,255 41

Sale of [)ublications and old and useless material.. 527 74

Total receipts in 1867 $198,500 71

Balance on hand, Jannar}-, 1867 22,891 23

Total amonnt available in 1867 221,391 94

EXPENDITURES.

Amonnt added to the original beqnest of Smitlison,

in the treasury of the United States, authorized

by the act of Congress of Uebrnary 8, 1867, and
directed by the Regents, to increase the princi-

pal to $650,000, viz : residuary legacy of Smith-

son 826,210 63
Additional deposits 108,620 37

Expenses for the year 1867

—

Building and furniture 38, 650 74
General expenses 12,488 84
Publications and researches 10,030 25
Library, museum, and exchanges. . .

.

13,905 55

6134,831 00

Total expenses 75,075 38

Total expenditure and investment during 1867 $209,906 38

Balance on hand January, 1868 11,485 56

Statement in detail of expenditures for current operations of the year 1867.

BUILDING.

Reconstruction of parts injured by fire $35,102 35
Repairs to old piirts

.'

2,137 91
Fuiiutm-e and fixtures 1,410 48

$38,650 74

GENERAL EXPENSES.

Meetings of the Board 256 50
Lighting 204 55
Heating 808 65
Postage 714 45
Stationery $892 79
General printing 194 06
Incidentals, viz : hardware, tools, materials for clean-

ing, &c 241 19
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Payment for loss of tools by the fire, authorized by
resolution of the Board, February 1, 1SG7 \ S500 00

Salaries secretary, clerks, and laborers 8,67G 65

$12,488 84

PUBLICATIONS AND RESEARCHES.

Smithsonian contributions, (quarto) $4,621 76
Smithsoniau miscellaneous collections, (octavo) 2,045 20
Smithsonian report, illustrations, stereotyping, &c. . . 920 18
Meteorology ! 1,044 39
Apparatus 457 82
Laboratory 17 41
Explorations 923 49

10,030 25

LIBRARY, MUSEUM, AND LITERARY EXCHANGES.

Purchase of books and binding $719 10
Literary and scientific exchanges 3,507 87
Assistants in museum 5,890 39
Incidentals for museum, alcohol, benzine, Sec 1,715 81

Freights 2,072 38
'

13,905 55

Total expenditure in 1867 75,075 38

The Board of Regents having directed the sale of the United States 7.30

bonds, as also the Indiana, Georgia, and Washington bonds, the proceeds to be
applied to the increase of the ])ermanent capital, this was accordingly done
through the agency of the bankers of the Institution. The act of Congress of

February 8, 1867, passed in accordance with the memorial of the Board of

Regents, (see report for 1866, page 74,) authorized the Institution to deposit

with the Secretary of the Treasury, on the same terms as the original bequest,

the residuary legacy of Srnithson, together with other sums not exceeding, with

the original, $1,000,000. From part of the proceeds of the sale of the United
States and State stocks referred to, the sum of $108,620 37, with the residuary

legacy, $26,210 63, making $134,831, was deposited in the treasury of the

United States; thus making the total amount of the Smithson fund perpetually

in the United States treasury, bearing 6 per cent, interest, payable semi-annu-

ally, $650,000.
The Commissioner of Agriculture continues to pay one-half of the salary of

the clerk emploj'cd to take charge of the meteoi'ological statistics.

The appropriation annuall}' made by Congress " for the care and preservation

of the ct)llections of the exploring and surveying expeditions of tlie govern-

ment" has been expended, as heretofore, under the direction of the Secretary of

the Interior, and as the amount was increased for the year ending July 1, 1868,

from $4,000 to $10,000, a part of this has been applied to the preservation of

that part of the l)uilding devoted to the collections, and other purpoSies.

The State of Virginia has paid four per cent, interest on its stock, reserving

two per cent, in Richmond, to be jniid whenever the conflicting claims between
the old State and the new State of West Virginia should be settled. All the

interest due on the stock of the State up to the 1st of January, 1867, amount-
ing to $19,260, has been funded by the issue of new bonds bearing six per cent,

interest, none of which has, however, yet been paid. The total amount of Vir-
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ginia stock now held by the Institution is $72,760, wliicli it is considered adv^is-

able to retain for the present.

The current income of the Institution is now deposited in the First National

Bank of Washington, the payment of bills being by checks drawn by the Sec-

retary, in accordance with the regulations prescribed by the Board at its last

annual session.

The follov.ing may be considered an approximate estimate for the year 18C8.

ESTIMATED RECEIPTS.

Interest on the Smithson fund in the treasury of the United States,

viz : six per cent, on $050,000, payable July 1, 18G8, and
January 1, 1869 "

$39,000 00
Probable premium on coin, say at 33 per cent 13,000 00
Interest on Virginia bonds, viz. : 4 per cent, on $53,500 2,140 00

Balance on hand January 17, 1868 11,485 56

65,625 56

APPROPRIATIONS.

For current operations of the Institution $34,000 00

For building, (including outstanding debts,) 20,000 00

Estimated balance January 1, 1869 1 1,625 56

65,625 56

In conclusion, the committee have the satisfaction of again calling attention

to the fact that all the expenditures from the organization of the establishment

to the present time, including 8450,000 on the building, the publication and
distribution of 200,000 quarto and octavo volumes ; the collection of a library

of 60,000 works ; a museum containing 1,000,000 specimens ; and the distribu-

tion to other institutions of 250,000 specimens, have been made exclusively

from the income and its investments, and that the bequest has been increased

by an addition this year of 8108,620 37, making the total capital invested in

United States and other securities 8722,760.
Attention is called to the expense of the National Museum, consisting of the

collections of various government exploring expeditions. In addition to the

appropriation by Congress for this object, from the income of the Institution

the sum of $7,606 20 has been expended during 1867.

The committee have examined 680 vouchers, embracing several thousand
items, for payments during the year for legitimate purposes of the Institution,

and lind them correct and conformed to the rules adopted by the Regents on
the 22d of February, 1867.

RICHARD DELAFIELD.
RICHARD WALLACH.
PETER PARIOiR.

Washingtok, April 14, 1868.
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It was stated in tlie report presented to the Board at its last session that it

was proposed, dnrino- the year 1867, to roof the main building and towers and
finish the interior of all the rooms, halls, staircases and main entrance, leaving

the large room of the upper story, over the museum, unfinished until funds

could be provided for the purpose and its future use be determined.

In accordance with this proposition the iron work of the roof over the museum
was erected early in the spring, and covered Avith slate, fastened to the iron

purlines with wire, and plastered inside with v/all plaster. The iron gutters, as

well as the roof, were found perfectly secure from leakage during the hardest

summer rains. The severe test of ice and snow during the present winter has

shoAVTi the necessit}- for additions in the arrangements for conducting the water

from the roof. Plans for this purpose are now under discussion with the archi-

tect for persevering in the original plan, or adopting some additional security

that the late severe season has indicated to l)e advisable.

The adaptation of new to old Avork, in restoring the building from the

destructive cfiects of the fire, by substituting incombustible materials for wooden
partitions, floors and roofs, has been attended, as was foreseen, with ranch labor

and expense, as Avell as making additional means indispensable for rendering

the roof-surfaces, valleys, and gutters water-tight in winter, when covered with

snow, and occasionally ice, as well as the summer rains. Like the public luiild-

ings generally in this city, (and we may say elsewhere,) where ])attlement3

extend above the eaves with gutters behind -them upon the roof, or resting upon

the Avails, much inconvenience, and at times damage, arises ivom leaks, the

result of such a system. It is experienced in the Smithsonian buihling in con-

sequence of the stone battlements capping all its exterior Avails. The present

architect's original design, approA^ed by the conmiittee, is set forth in liis report

of the operations of the year, annexed hereto. Neither time nor the funds of the

Institution Avould permit his carrying this part of his plan into operation ;
and

until it is done, together Avith some additions that the late inclement season has

pointed out as advisable and necessary', the building is not secure, nor the pro-

perty Avithin it, from dampness and moisture.

The introduction of the proposed Avarming apparatus for all the apartments

is the next most essential particular to be undertaken, to be commenced when-

ever the funds of the Institution Avill justify.

The security of the several apartments and contents arc in a great measure

dependent upon such an apparatus as a substitute for the stoves temporarily in

use, and for Avhich no permanent smoke-flues or other arrangements Avere pro-

vided.

All the rooms in the north toAA^er, forming three suites of three in each, Avith

tAA'o rooms on the entrance floor, one for the janitor and the other for a recep-

tion room for Ausitors, have been completed and are now used and occupied as

offices for conducting the operations of the Institution. The several apart-

ments in this north toAver, above these otflces, have also been completed. The
roofns and apartments in the south tower liave also been finished and are uoaa'

occupied. The lower one, or that on the first floor, forms a part of the general

museum and is noAV devoted to the reception of the larger and most Aveighty
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articles of ethnology, sncli as the stone images from Central America and tlio

stone sarcophagus Irom Syria.

The apartments on the next story have been fitted up Avith shelves, bins, and
other fixtures for the transaction of the business of the literary and scientific

exchanges, packing and distributing the same.

The apartments next above have been finished for the meetings and conven-
ience of the Board of Regents ; and those on the three remaining floors have
also been finished and appropriated to storage and such other purposes as mav
become necessary. In this tower are also provided an elevator, with conven-
ient mechanical power for removing books, specimens, etc., to and from the
basement and four stories above it ; water-closets and other necessary con-
veniences, with aiTangements for the use of the Potomac water for general pur-
poses and in larg'e quantities in case of fire.

To increase the accommodation, two additional floors have been added to the
original subdivision of the stories of the north and south towers. To furnish
light to the new rooms in the south tower, circular windows have been opened
throug-h the walls, without interfering with the original architectural effect of

the exterior, thus furnishing- sufficient light for the purpose for which these
apartments are intended.

The result of the 3'ear's labor has been to provide ample space and con-
venient accommodation to subserve all the wants of the Secretary- of the Insti-

tution, to enable him to carry the views of Smithson into effect for the present
and several years to come.

The floor-surface in 57 apartments of the building-, not including the Secre-
tary's quarters, is 66,252 square feet, or one and fifty-two hundredths of an acre,

a space, so far as now can be foreseen, abundantly sufficient for the wants of
the Institution, only requiring to be adapted therefor, from time to time, in
details, furniture and special finish.

The following is a detailed statement of the expenditures on the building
during the year 1867 :

FOR EECONSTEUCTIOX OF PARTS DESTROYED BY THE FIRE.

Iron-work, beams, doors, &c $2,791 67
Iron-work, new roof 8 591 50
Stone-cutting and setting 3 354 0.5

Brick '1I6 87
Bricklaying 4^277 53
Lumber 1,000 00
Carpentry 7^398 50
Elevator 45O 00
l.aborers §44 oo
Sand 31 S2
Bhicksmiths 7 50
Hardware I74 90
Kope 8 25
Painting 1,907 00
Frescoing 73O 00
Tin and metal work 3 135 26
Slating new roof 3^534 S9
Plumbing 1^000 00
Gas-fitting 296 55
Plastering 62,000 00
Architect 2,315 75

43,986 04
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In addition to this sura the following expenditures were made on
the parts of the building not injured by the lire, 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 expenditnre on building in 1867 46,123 95

Of this expenditure, $8,883 69 were paid out of the appropriation by Con-
gress for the preservation of the government collections.

PvICIIARD DELAFIELD,
RICHARD WALLACE,

Building Committee.

Washington, A^U 14, 1868.
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Washington, January 6, 1868.

SiKS : I have the honor to report the progress made in the reconstraction of

the buildings daring the calendar year 1867.

The absolutely fire-proof roof of the main building, consisting of a slate cover-

ing, plastered inside and fastened by wire to a well-braced WTOught-iron frame,

has been firmly put in place. Many difficulties had to be overcome, since the out-

lines of the building, more especially the shape of gable walls and topping out of

side walls, on which that most important feature of the mediseval roof, the sys-

tem of guttering, depends, were prearranged upon the more pliable plan of a com-
bustible frame and wooden sheathings. However, no pains were spared to

accommodate the new conditions to the original architecture of the biiilding.

The different hips ix,\3 valleys were made secure and water-tight by wide strips

of sheet-copper and sheet-lead laid upon a solid foundation of sheet-iron of proper

width, fastened by wire to the rafters. The gutters consist of wrought-iron,

rolled into proper shape, and of a section vouched for by the Phoenix Iron Com-
pany. The connections of the sections of gutters, lengthwise, have been made
so as to allow for expansion, and the connections of the gutters, sidewise, with

the slate roof are effected by galvanized sheet-iron plates riveted to vertical

flanges on the inner side of the gutter, and bent so as to follow up the pitch of the

roof, sustained by the lowest courses of iron purlines for the slating. The mode
adopted has effectively carried off the water of the heaviest rain storms of the sum-
mer, but, being of a novel design, has not fully stood the test of an extraordinary

snow-storm followed by a rainfall which was freezing as fast as it came down.
Tliis action of the elements caused a thorough freezing up of the northern gutters

encased inside the battlements of the side wall, and with the consequent effect of

the sun upon the upper part of the roof, the melted snow in its downward course

forced its way underneath the frozen face and, for want of an outlet, backed up
underneath the galvanized sheet-iron described above. Plans have been laid

before the building committee with a view to remedy this defect as developed by
severe tests.

The ridge of the roof, another important feature, has been effectively secured

by a layer of sheet-lead, capped by rolled iron, shaped to tlie angle formed by
the ridge of roof and batted down to the roof frame.

In connection with the frame of the roof, for considerations of solidity as well

as of economy, all the necessary and somewhat complicated iron stays, links and
purlines have been inserted, forming the outlines of an appropriate and well-

shaped ceiling in keeping with the features of a fire-proof hall, 200 feet in

length by 50 feet in width. Whilst the details of this ceiling are left an open
question for the decision of the committee, its main featm-cs consist of a boldly
coved and bracketed cornice, surmounted l)y broad panelled friezes, the inner

meml)ers of which are formed so as to sul)dividc the whole ceiling into three

panels, each extending through the whole width of the building and worked out

again into more minute details.

After the roof was well secured, the tracery of the double w'indows in the side

walls was carefully taken out, the numerous weakened parts of the cut stone

work supplied by new material and workmanship, and the whole work reset,
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anchored and leaded, in the most substantial manner. Immediately following

this work the frames and sash of these windows were made and inserted, strictly

in keeping with the general style of the building.

The ceiling of the museum in lower story being now beyond accident, it was
repaired, and received, with the side walls and intermediate archings, a plain

frescoing. The towers and buiklings, north and south of the main building, were
being roofed in at the close of last year's report. In the early part of the season

the brick arches for the fire-proof floors were turned, concreted, and tlie j9oors

laid. During the summer they have all been finished ready for occupancy.

The caiTiageway leading to the northern main entrance has been paved, mainly
with flagging on hand, the unsightly ceiling repaired and appropriately decorated,

the roof has been put in order and tlie unstable battlements securely fastened.

The northern main entrance door leads to the vestibule, which has an orna-

mental tiled floor of alternate colors; is finished octagonally, four sides being
occupied by niches designed for receiving statuary ; it has a marble case, and is

finished in oak and frescoed in complementary colors.

Tlie vestibule is flanked to the east by the janitor's room, which is floored with

German tile, and to the west by the reception room, which is finished in imita-

tion of walnut and has a floor of encaustic tiles. The three stories above the

vestibule and adjoining rooms are fitted up for tiers of three communicating ofH-

ces, each tier forming a compartment, secured by fire-proof iron doors, consisting

of two layers of sheet-iron, with intermediate frame and air-space. Wooden
flooring on top of the fire-proof arches lias been preferred for otiice purposes.

The higher stories of the towers form rooms of a miscellaneous character, are

approached by iron stairs and floored with pressed bricks on tlie concrete. Tlie

main stairs and stairway have been finished with tiled floors and landings,

plastered and frescoed.

South of the main building a hoist has been introduced, extending from the

basement up to the fourth story. Private stairs cut to shape from old stone on
hand reach up to the same height, and iron stairs, similar to those in north

towers, lead up to the higher stories. The first story contains vestibule and
general accommodations. The second story contains a properly fitted-up pack-

ing room and bath room. The third story contains the regents' room. The
fourth, fifth and sixth stories are finished for storerooms and miscellaneous pur-

poses.

All modern and useful improvements have been introduced in the restored and
newly fitted rooms. In the introduction of Potomac water provisions have l)een

made for fire})lugs of sufficient size in the different stories, nortli and south of

the main l)uilding, and the water can be shut ofi' from any one section without

incommoding the rest of the buildings. The same provision is made for the

gaslight arrangements. Speaking tubes lead in all directions, tending to facifi-

tate the transaction of business.

No funds l>eing at disposal to introduce a contem|)lated modern and improved
heating apparatus for the whole of the buildings, one of the functions of which
would have been to perfect the satisfactory worlving of the new gutters by means
of exhaust pipes at and around the inlets to the down-spouts, stoves were set in

the fall of the year which will heat the offices and other newly created rooms
for any length of time that may be found necessary.

The roof and gutters of the 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 up and relaid, the gutters were overhauled, renewed and soldered. Other

necessary repairs and alterations of a minor nature, demanded by the exigency

of the case, were attended to.

The areas of casemate doors and windows around the main buildings were all

out of repair. Their cappings were broken and laid so low that the surface water

of the surrounding grounds backed into the basement. They were put in order



EEPORT OF THE ARCHITECT. 107

and sufficiently bcightencd. Brick pavements were laid in different parts of the

basement of tie main building.

The work has been faithfully done by the following mechanics and artisans:

Brick work, Wise & Callahan; stonework, N. Acker; carpenter's work. Bird

Parker & MacNichol; frescoing, E. Carstens.

I have the honor to be, su's, your most obedient servant,

ADOLPH CLUSS,
Superintending Architect
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Washington, January 15, 1868.

In accordance with a resolution of the Board of Regents of the Smithsonian

Institution, fixing the time of beginning of the annual session on the third Wed-

nesday of January in each year, a meeting was called for this day. Present,

Hon. J. V. L. Pruyn, General Richard Delafield, Professor L. Agassiz, Hon.

Peter Parker, and Professor Henry, the Secretary.

The Secretary presented the following joint resolution of the Senate and

House of Representatives of the United States

:

[Public Resolution No. 5.]

A RESOLUTION for the appointment of Ref^ents of the Smithsonian Institution.

Resolved by the Senate and House of Representatives of the United States of America in Con-
gress assembled. That the vacancies in the Board of Regents of the Smithsonian Institution

of the class "other than members of Congress" be filled by the appointment of Theodore
D. VVoolsey, of Connecticut, William B. Astor, of New York, John Maclean, of New Jersey,

and Peter Parker, of the city of Washington.
Approved, January II, 1868.

The Secretary stated that on the 7th of January the Speaker of the House

of Representatives had appointed the following Regents: Hon. J. A. Garfield

of Ohio, Hon. L. P. Poland of Vermont, and Hon. J. V. L. Pruyn of New York.

No quorum being present, the Board, after examining the building and col-

lections, adjourned to meet on Wednesday evening, January 22, 1868, at 7^

o'clock.

Washington, Jamiary 22, 1868.

A meeting of the Board of Regents was held at 7i o'clock p. m. in the Regents'

room of the Smithsonian Institution. Present, Hon. B. P. Wade, Hon. R.

Wallach, Hon. L. Trumbull, Hon. G. Davis, Plon. J. A. Garfield, Hon. L. P.

Poland, Hon. J. V. L. Pruyn, Prof. L. Agassiz, Rev. Dr. John Maclean, GJeneral

Richard Delafield, Hon. Peter Parker, and Professor Henry, the Secretary.

Mr. Wade was called to the chair. The minutes of the last meeting were

read and approved.

The Secretary stated that a vacancy existed in the Executive Committee, on

accouiit of the death of Professor Bache.

On motion it was ^
Besolved, That Hon. Peter Parker be elected to fill the vacancy in the Execu-

tive Committee.
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Tlie Secretary made a statement relative to tlie finances of tlie Institution, the

sale of the State stocks, etc.

Gen. Delafield, on the part of the Executive Committee, presented the annual

account of receipts and expenditures f(jr 1867, and stated that a detailed report

would he submitted at a futm-e meeting.

The Secretary presented a statement in regard to international exchanges of

literary, scientific and government publications. The act of Congress, passed

at the last session, du-ecting that 50 copies of every government publication

should be given to the Smithsonian Institution to be exchanged for the publica-

tions of foreign governments, had not been carried out, as the public printer did

not consider that the act rcfeiTed to authorized the printing of extra copies of

the works, and all the regular edition was already disposed of according to exist-

ing laws. Further legislation was therefore required.

Mr. Pruyn stated that the subject had been referred to the Library Committee

of Congress, of which he was a member, and that he would do all in his power

to promote the object desired.

Professor Agassiz, from the committee appointed at the meeting of February 1,

1867, presented a report, which, on motion of Mr. Wallach, was accepted.

After remarks by several Regents, on motion of Mr. Poland, the report was

laid on the table and made the special order for the next meeting.

On motion of General Garfield the report was ordered to be printed.

The Board then adjourned to meet on Monday evening, January' 27, 1868.

Washingtox, January 27, 1868.

A meeting of the Board of Regents of the Smithsonian Institution was held

at 7^ o'clock p. m., in the Regents' room. Present, Chief Justice Chase, (the

Chancellor,) Hon. B. F. Wade, Hon. Richard Wallach, Hon. J. A. Garfield,

Hon. L. P. Poland, Hon. J. V. L. Pruyn, Professor Agassiz, Hon. Peter Parker,

and ProJVssor Henry, the Secretary.

The Chancellor took the chair, and the minutes of the last meeting were read

and approved.

The Secretar}^ presented the report for the year 1867.

Professor Agassiz presented a printed and revised cojjy of the report of the

special committee on the use of the new room, made at the last meeting, which

was read as follows :

Bcporf of the committee appointed to consider what ivill he the best use for the large

room in the second story of the main building of the Smithsonian Institution.

The influence the Smithsonian Institution has exercised from its origin ujion

the progress of science in the United States has been so marked and so deej),

that in considering any step connected Mith the organization of the Institution,

it is of the utmost importance to keep in view its bearing u[)on the advancement

of knowledge generally. To those not familiar with the active operations of

the Institution, the growing recognition of the difterence between the increase

and diffusion of knowledge, and the consequent establishment l)y Congress of a

National Academy, mainly organized for the purpose of enlarging the boundaries
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of science among us, are in themselves sufficient evidence of its beneficent power.

Tbe large and unique library lately transfen-ed from the Institution to the library

of Congress, and the extended intercourse between the Institution and all the

learned bodies scattered over the globe, bear equally impressive testimony to the

wide-spread action of the Institution.

In attempting to detenninc the most appropriate use to which the large build-

ing of the Smitlisonian, and especially the large unappropriated hall in the second

story, may be put, your committee has been led to consider the probable course

the Institution may follow whenever its resources become consolidated and its

means, gradually freed from their temporary api)lication to subordinate purposes,

are exclusively devoted to the special object; pointed out in the will of Smithson,

viz :
" the increase and diffusion of knowledge among men." The policy which

has led to the transfer of the Smithsonian library to that of Congress suggests

the propriety of severing also the museum from the Smithsonian Institution,

inasmuch as a museum is no more contemplated b}' the will of Smithson tlian a

library. The accumulation of books and specimens has been a natural conse-

quence of the organization of an institution exclusively devoted to the fostering

of intellectual pursuits. But in proportion as their number increased they claimed

a larger and larger part of the attention and means of the Institution until it

became a matter of serious consideration how far the possession of such objects

should be embraced in its general plan and scope.

As far as the library is concerned the question has been settled. It has become

evident that, in consequence of the judicious distributing of its published contri-

butions and miscellaneous works, the Smithsonian has acquired the most com-

plete collection of learned transactions in existence ; so extensive, indeed, that

its preservation and natural extension Avould have encroached upon the specified

obligations of the Institution. The disposition made of it leaves the students of

science in the fullest enjoyment of this invaluable store of information, while it

relieves the Smithsonian of a serious burden. ISTow your committee is satisfied

that the museum^of natural historj', and the other collections preserved in the

Smithsonian, stand in precisely the same relation to the Institution as the library

did, and that it may be equally desirable to give them up, and with them the

largest part if not the whole of the building, could this be done without injury

to the collections and to the cause of natural history. However, it does not appear

advisable to adopt such a course immediately ; but it seems wise to keep it in

view as a probability, doing meanwhile whatever is most likely to contribute to

the advancement of science.

A few facts concerning the operations of the Institution should be borne in

mind in this connection. In the same manner as the Smithsoniaii has distributed

its various publications broadcast among learned institutions and individual sci-

entific men, and obtained in return the magnificent library above alluded to, it

has also distributed an immense number of specimens, and fostered in this way

scientific research both at home and abroad. But for these latter contributions

scattered over the whole civilized world it has neither claimed nor received ade-

quate returns. All the duplicates of these treasures obtained at home from the

various government exploring expeditions and surveys have been given away with
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the understanding that the time may come when the progress of science among

us would make it desirable that returns in kind should be expected.

The Smithsonian Institution has now been in operation for twenty years. In

acknowledgment of its published Contributions to Knowledge it has received the

splendid library which now adorns the Congressional library. Is it not time that

the rights accrued in consequence of the distribution of specimens by the Insti-

tution should be called in ; that this great outstanding debt, as it may well bo

called, should be collected before the recipients of these manifold gifts have passed

away, and the benefits thus conferred by the Smithsonian are altogether forgot-

ten ; when the Institution might find it difficult to obtain, without new offerings,

that which at this moment it may claim as its due ?

Should this Board approve the recommendation of this committee, no time

ought to be lost in giving notice to all the various institutions with which the

Smithsonian is in regular correspondence, that this is henceforth to be the regu-

lar policy of the Institution. On the other hand it is indispensable that we

should make the necessary preparations for receiving these objects, and also

determine beforehand the ultimate destination of the extensive collections which

no doubt will flow in as soon as we are prepared to take care of them. Your

committee is of opinion that the great hall in the second story of the building

should be used for the reception of these collections, and the smaller rooms in

the towers, as far as not needed for other purposes, as laboratories to identify,

arrange, classify, and distribute these collections for the greatest advantage of

science among us, until suitable arrangements can be made for the organization

of a great national museum, to which the whole should in the end be transfeiTed.

It is self-evident that the collections likely to come in will soon outgrow tho

capacity of the Smithsonian Institution and its ability to take care of them, with-

out applying its income to objects for which it was not intended. But the diffi-

culty of disposing of these scientific treasures is no sufficient ground why tho

Smithsonian should surrender its large claims on other scientific institutions ; for,

in so doing, it would simply deprive the country of scientific objects, which other

museums would be glad to receive should the Smithsonian be obliged to give

them up bef«n-e the country demands and organizes a great national museum in

AVashington.

To sum up these remarks, your committee recommends

—

1st. That the distribution of specimens- carried on by the Smithsonian Insti-

tution be continued and extended, but that at the same time proper returns be

required whenever the specimens are not given out in aid of original researclics

or for educational purposes.

2d. That the expenses for such operations be Tnaited to the resources especi-

ally appropriated for the purpose, and not allowed to encroach upon the regular

active operations of the Institution.

3d. That the great hall of the second story of the building, and such other

rooms as are not required for the regular operations of the institution, be devoted

to the preservation of the scientific collections.

All of which is respectfully submitted in behalf of the committee.

L. AGASSIZ.
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On motion of Mr. Garfield, after remarks by Messrs. Pruyn, Agassiz, Chase,

Wade, Parker, Wallach, Garfield, and the Secretary, the recommendations of

the committee, after modilication, were adopted unanimously, as follows :

1st. That the distribution of specimens carried on by the Smithsonian Insti-

tution be continued and extended, but that at the same time proper returns for

the past as well as for the future be required, whenever the specimens are not

given out in aid of original researches or for educational purposes.

2d. That the expenses for such operations be limited to the resources spe-

cially appropriated by Congress for the purpose, and not allowed to encroach

upon the regular active operations of the Institution.

3d. That the great hall of the second story of the building, and such other

rooms as are not required for the regular operations of the Institution, be

devoted to the preservation of the scientific collections.

On motion of Mr. Garfield, the following resolution was adopted :

JRcsolvcd, That a committee be appointed to report to the Regents, at their

next meeting, what amount of appropriation should be asked of Congress for

the care of the museum and for fitting up the great hall for the safe-keeping

and exhibition of specimens.

Messrs. Wade, Garfield, Pruyn, Poland, and the Secretary were appointed as

the committee.

The Board adjourned to meet at the call of the Secretary.

Wednesday, April 15, 1868.

Present, Chief Justice Chase, (the Chancellor,) Hon. R. Wallach, General li.

Delafield, Hon. Peter Parker, and Professor Henry, the Secretary.

No quorum being present the Board adjourned to meet on the 22d instant at

7 p. m.

Wednesday, April 22, 18G8.

A meeting of the Board of Regents was held this day in the Regents' room,

at 7 o'clock p. m. Present, Chief Justice Cliase, (the Chancellor,) lion.

B. F. Wade, lion. Lyman Trumbull, Hon. Garret Davis, Hon. J. A. Garfield,

Hon. J. V. L. Pruyn, General R. Delafield, Hon, Peter Parker, and Professor

Henry, the Secretary.

The Chancellor took the chair, and the minutes of the last meeting were

read and appioved.

General Delafield presented the report of the Executive Conmiittee for the

year 1867, which was read and approved.

General Delafield presented the report of the Building Committee for the

year 1867, which was read and approved.

The Secretary made a statement relative to the facilities afforded by various

steamship and railroad companies in conveying the packages of the Institution

free of freight.

On motion of Mr. Trumbull, the following resolutions were adopted :

Whereas the Pacific 3Iail Steamship Company, North German Lloyd, Ham-
burg American Steamship Company, General Trans-Atlantic Steamship Com-
pany, Inman line of steamers, Cunard line of steamers, Pacific Steam Naviga-
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tiou C(jiripany, Panama Railroad Company, and California and Mexico Steam-

ship Company have generously aided in advancing the objects of the Smithso-

nian Institution and the promotion of science by the facilities they have

afforded in the transportation of boolis, specimens, etc., free of charge : There-

fore,

JResolvcd, That the thanks of the Board of Regents of the Smithsonian Insti-

tution are hereby given to the directors and officers of the above-named compa-

nies for this liberal and enlightened action.

BcsQlved, That a copy of these resolutions bo transmitted by the Secretary

to each of the companies.

Professor Henry submitted a statement as to the proposed researches and

publications during the present year.

Hon. Mr. Parker stated that the city councils had under consideration the

ceding of the canal, which bounds the Smithsonian grounds to the north, to a

private company, and as this miglit affect the interests of the Institution he

thouglit some action should be taken in regard to it.

On motion of General Garfield, it was

Eesolvcd, That the Executive Committee bo instructed to ascertain what
measures are proposed to be taken by the city authorities of Washington in

regard to the canal, so far as concerns the Smithsonian Institution.

The Chancellor called attention to the fact that a connnittee was appointed

*at the last meeting to prepare estimates for the completion of the large hall

and for obtaining an adequate appropriation from Congress for the care of the

goveniment collections, and expressed the desire that this committee , should

act immediately in regard to the matter.

The Secretary, on behalf of the committee, stated that on consultation with the

architect it was thought that $50,000 would be required for finishing the large

room and suppljdng it with cases, and that at least S10,000 annually ought to be

appropriated for the care of the museum. Whereupon it was

Hesolvcd, That a memorial be presented to Congress asking appropriations in

accordance with the report of the committee.

The Secretary gave an account of the establishment of a scientific society in

Egypt publishing valuable transactions which had been received by the Insti-

tution.

The Board then adjourned to meet on Friday, May 1, at 7 o'clock p. m.

Friday, May 1, 1868.

A meeting of the Board of Regents was held this day at 7 o'clock p. m.

Present, Chief Justice Chase, (the Chancellor,) Hon. B. F. Wade, Hon. Lvman
Trumbull, Hon. L. P. I'oland, Hon. J. V. L. Pruyn, Hon. Richard Wallach,

General R. L>elafield, Hon. Peter Parker, Rev. Dr. John Maclean, and Profes-

sor Henry, the Secretary.

The Chancellor took the chair, and the minutes of the last meeting were

read and approved.

General Delafield, from the Executive Connnittee, reported that he had col-

lected a large amount of information in relation to the canal, (bounding the

Smithsonian grounds,) but was not yet ready to make a report.

8 s
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The Secretary read a copy of tlie memorial which had been prepared iu

accordance with the directions of the Board, signed by the Chancellor and Sec-

retary, and presented to Congress,* as follows :

To the honorable the Senate and House of Representatives in Congress assembled:

In behalf of the Board of Regents of the Smithsonian Institution, the

undersigned beg leave respectfully to submit to your honorable body the fol-

lowing statement, and to solicit such action in regard to it as may be deemed
just and proper :

The act of Congi-ess organizing the Institution ordered the erection of a

building which shouhl accommodate, on a liberal scale, besides a library and a

gallery of art, a museum, consisting of all the specimens of natural history,

geology, and art, which then belonged to the government, or which might there-

after come into its possession by exchange or otherwise. Although the majority

of the Begents did not consider the maintenance of these objects to be in accord-

ance with the intention of Smithson, as inferred from a strict interj^retation of

the terms of his will, yet in obedience to the commands of Congress they pro-

ceeded to erect a builditig of the necessary dimensions, and to take charge of

the government collections.

The erection and maintenance of so large and expensive an edifice, involving

an outlay of 8450,000, and the charge of the government museum, have proved

a grievous burden on the Institution, increasing from year to year, which, had

not its effects been counteracted by a judicious management of the funds, would

have paralyzed the legitimate operations of the establishment, and frustrated
*

the evident intention of Smithson.

It is true that Congress, at the time the specimens were transfeiTed to the

Institution, granted an appropriation of $4,000 for their care and preservation,

that being the equivalent of the estimated cost of the maintenance of these

collections in the Patent Office, where they had previously been exhibited.

But this sum, from the rise in prices and the expansion of the museum by the

specimens obtained from about fifty exploring expeditions ordered by Congress,

scarcely more than defrays, at the present time, one-third of the annual expense.

In this estimate no account is taken .of the rent of the part of the building

devoted to the museum of the government, which, at a moderate estimate,

would be $20,000 per annum.
Besides the large expenditure which has already been made on the building,

at least $50,000 more will be required to finish the large hall in the second

story, necessary for the full display of the specimens of the government. But
the Regents do not think it judicious further to embarrass the active operations

for several years to come, by devoting a large part of the income to this object,

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 the

government that the Institution has achieved its present reputation, nor by the

collection and display of material objects of any kind that it has vindicated the

intelligence and good faith of the government in the 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 in every part of the civilized world, has

made contributions to almost every Ijranch of science, and brought more than

ever before into intimate and friendly relations the Old and the New Worlds.

A central museum for a complete representation of the natural products of

-America, with such foreign specimens as may be required for comparison and *

.generalization, is of great importance, particularly as a means of developing

* May 1.—In the House of Representatives.—Referred 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

the relations of our geology, mineralogy, flora and fauna, to those of the OKI
World. But the benefit of such an establishment is princi})ally 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 his bequest.

The 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 ma}' not bo improper, in addition to what has been said, to recall the fact

that the Smithsonian Institution has transfen-ed, 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 the library

itself worthy of the nation ; and that it has also presented to the 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 the exchanges from foreign museums to which it has been a liberal

contributor, and which may be obtained as soon as means are provided for tlieir

transportation and accommodation.

It may also be mentioned that the Institution has rendered important service

to the government through the scientific investigations it has made in connection

with the operations of the different departments, and it is not too much to say
that, through the labors of its officers, it has been the means of saving millions

of dollars to the national treasury.

In conclusion, your memorialists beg leave to represent, on behalf of the

Board of Regents, that the usual annual appropriation of 34,000 is wholly
inadequate to the cost of preparing, preserving, and exhibiting the specimens,

the actual expenditure for that purpose in 1867 having been over $12,000 ; and
they take the liberty of respectfully urging on your honorable body the expe-
diency of increasing it to $10,000, and that a further sum of $25,000 be appro-

priated at this session of Congress towards the completion of the hall required

for the government collections.

And your memorialists will ever pray, &c.

S. P. CHASE,
Chancellor Smithsonian Institution.

JOSEPH HENRY,
Secretary Smithsonian Institution.

On motion, the action of the Chancellor and Secretary in relation to the

memorial was approved.

The Secretary gave an account of the correspondence of the Institution, and

as an illustration of its diversified character read the letters which had been

received that day.

On motion of Mr. Maclean, the annual report of the Secretary was accepted,

and the officers of the Institution authorized to transmit it to Congress.

A motion of Mr. Wallach, in behalf of the Executive Committee, to increase

the salary of the Secretary, was referred back to the same Committee, with

instructions to make a report on the whole subject of the 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 THE GENERAL CORRESPONDENCE SUBMIT-
TED TO THE BOARD OF REGENTS.

From tJie Becords of the American Academy of Arts and Sciences.

Boston, Massachusetts, May 29, 18G6.

Remarks were made by tlio president and by the librarian on the aid ren-

dered by the Smithsonian Institution in effecting the exchanges of the academ}'';

and, on motion of the librarian, it Avas voted : That the thanks of the academy
be presented to the Smithsonian Institution for the generous and efficient aid

which it has rendered through its system of foreign exchanges and distribution

of publications, by which the academy has greatly profited.

CHAUNCEY WRIGHT,
Recording Secretary American Academy.

From George H. Knight.

CiNcrNNATT, Ohio, Juty 10, 1866.

The system of weights and measures being on the tapis, ought we not to save

posterity a world of trouble by once for all dethroning ten as the metrical mnn-
ber in favor of eight—a number susceptible of indefinite bisection, itself a cube,

(2'\) and whose square is a cube, (4^?)

Two with its multiples is the natural division in measures; witness the old dry

measure: 2 gills=one jack ; 2 jacks=one pint; 2 pints=ono quart; 2 quarts=
one pottle; 2 pottles^^^one gallon ; 2 gallons=one peck; 4 pecks=:one bushel;

8 bushels= one-quarter ; 4 quarters=one chaldron, &c.
The system would, of course, abolish the two digits, 8 and 9. Eight would

be represented by the sign 10, and nine by 11, while 8. X 8.= 100. I am not

unaware of the prodigious labor involved in such a change—a labor too great

for an age which expends more on litigation than on its wheat crop ; but I never-

theless believe it will be undertaken by some futm-e age at a far greater sacrifice.

From E. C. BoUcs, Secretary of the Portland Society of Naturcd History.

Portland, Maine, August 24, 1866.

The Portland Society of Natural History has always felt that the Smithsonian
Institution was its l)est friend. Unnumbered instances of a generous regard,

rising to munificence in the time of our loss and trial ; wise counsels never out

of place ; wonderful facilities for scientific interchange most cheerfully granted,

all compel us to this belief; and it is in obedience to this conviction that we lay

before you, at the earliest possible moment, a statement of the present condition

of our society, which, in the terrible calamity well known throughout our land,

has been almost the greatest sufferer of all.

The destructive fire of July 4th consumed our building and collections, leav-

ing, from the peculiar construction of the former, scarcely a vestige of the interior

of the hall. We regret to say that this loss was entirely unnecessary. The
structure was eminently fire-proof, separated by 20 feet on each side from the

l>uildings on the right and left. A large wooclen house on the right had been
entirely burned without danger to om* property ; the library had been quietly and
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safely removed ; in the event of possible danger there seemed time enough to

secure the cabinets, Avhich were already so arranged as to be readily earned 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 boards

quite over the lower floor of our lecture-room, and left this, of course, in a moment,
only a sheet of flame. This unexpected blow, almost destroying several mem-
bers of the societ}', rendered all further efforts to save our property vain.

You will l»e pleased to learn that all our books and pamphlets, including our

own and the Smithsonian publications, were saved. I wish that I could say as

much for the collections, but, excepting about 100 species of shells, withdrawn
for 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

Tiight of disasters every one's heart and brain have been overtaxed, we have not

lost 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

the " Naturalist's Director3^" We find ourselves almost penniless. Our city is

too well drained of its resources to aff(.)rd more than a f6w 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 try some other. Our fortune, by its very
hardness, rouses and stimulates us. We are ver}- anxious to have some building

of our own, however humble, rather than multiply risks by sharing with other

organizations the common shelter of one roof. We feel better to-day, because
no part of our loss is to be charged u[)on our own want of forethought or imme-
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 our

building, reducing the dimensions of our land too much to leave the rest of use

to us. I need scarcely add that, under the most favorable terms of sale, we
cannot close our business matters up to have more than $2,500 remain above our

mortgage debt.

But we ought not to tax your patience further. We shall be most grateful

for your sympathy, suggestions, aid. Situated as we are, there is not another
institution of science that has been forced to record two such temble chapters of

misfortune. But we mean, if Providence blesses our labors, to make it tn;e that

no local society of natural history shall leave in years to come a better chapter

of hard-earned prosperity and fame.

[Note.—We are happy to state that this society is again in a flourishing con-

dition, and that permission has recently been given to it by the city government

to occupy, free of charge, rooms in the new city hall building ; also, that the

Smithsonian Institution has presented it with another very complete set of its

duplicate specimens 6f natm-al history.—J. H.]

From JosiaJi Goodwin, secretary and editor of the Bath and West of England
Society for the Encouragement of Agriculture, Arts, Manufactures, andCom-
tnerce.

Bath, September 3, 1866.

On behalf of the president and council of the Bath and West of England
society, I have the honor to acknowledge the safe arrival of the several books
enumerated in the invoice numbered 804a, 1866, which I beg to enclose receipted

;

and I have much pleasure in conveying to the honorable the officers and Regents
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of the Smithsonian Institution the assurance that the president and the council

of the Bath and West of England society entertain not only a very high sense

of the valuable services confeiTed on the scientific world Ly the labors and pub-

lications of the Smithsonian Institution, but they cannot too highly applaud the

enlightened liberality which has actuated the conductors of the Smithsonian

Institution in the establishment of such an admirable sj'stem of organization for

facilitating the mutual interchange of the publications of the learned and other

societies in various parts of the great continent of America and the United lijng-

dom of Gi'cat 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 the set in the library of your Institution, more espe-

cially as the earlier volumes can now be obtained only very rarely, as the society's

stock is entkely exhausted.

From Br. BreJim, the director of tJie Zoological Gardens.

Hamburg, Septcmler 11, 1866.

I am in receipt of your letter dated the 2d of last month, in which you state

that a specimen of the American great horned owl is offered for the accep-

tance of the zoological society of this city, by the Smithsonian Institution

;

and I have the satisfaction of stating that the bird has arrived in good health

and condition, and the society is very much obliged, and will do itself the pleas-

ure of returning the compliment if you will indicate in what manner it can be
done.

If I might further intrude on the kindness of the Institution, it would be to

say that some of your common finches (Fringillida) would l)e very acceptable,

as the birds usually imported are only such as, c. g : Cardinalis virginianus, Spiza
cinis, Astragallnns tristus, and Cocoborns litdovicia7ius. But we get overdone
with these birds of dealers, and which are popular with private purchasers, who
do not value the less externally attractive and common birds which I am anx-

ious to possess. Some of the small owls I should also like to have from America,
together with any of your ducks, fAnas,J excepting the " sumi-ger duck," which,

for the same reason as I have above given in regard to other birds, are imported

into Europe in quantities.

It is remarkable that the " snow goose," though abounding in the United

States in any number of thousands, is not in any European zoological garden.

Will you please to think of me with special attention with regard to this bird ?

From the Chicago Academy of Sciences.

Chicago, February 11, 1867.

The undersigned, tnistees of the Chicago Academy of Sciences, desiring to

signalize in a more special manner their sense of the great obligations the academy
is under to the Smithsonian Institution, have caused a list to be made of its recent

donations to their library and museiun, and take this method of expressing to

you their sincere thanks, not only for these books and specimens, but in general

for the fostering care with which the Institution has treated, from its inception,

our attempt tg establish a strictly scientific museum here in the west.

Very respectfully, your obedient servants,

GEO. C. WALKER. H. G. LOOMIS.
W. E. DOGGETT. E. W. BLATCHFORD.
E. G. McCAGG. DANIEL THOMPSON.
J. YOUNG SCAMMON.
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Beport on an improved system qf numeration, hy W. B. Taylor, Esq.

Umted States Patent Office,
Washington, March 22, 18G7.

I have examined tlie paper referred to, on tlie subject of an improved numera-
tion for arithmetical operations, and have, respectfull}', to offer the following

remarks: The proposal is simply to interpolate six additional '' digits" (if the

term may be allowed) between the nine and the ten of our common arithmetical

scale, in every order or place of figures ; in other words, to substitute a senide-

nary for the received denary radix of numeration. This suggestion has been

made, I believe, more than once before. In 1859, Mr. J. W. Nystrom, of Phila-

delphia, published an essay on what he called the tonal system, (ton being

the name he assigned to the senidenary ten,) advocating the adoption of the

number 16 as the basis of a universal arithmetic and metrology.

All who have given the subject of weights and measures much consideration

will agree in the proposition that a scheme of continual bisections and doublings

would prove a great convenience in all the operations of concrete arithmetic, and
were it not for the enormous lal)or of a reconstruction, and the gi'cat time required

for its general introduction among civilized nations, some such reform might be

accepted as advantageous or desirable.

So early as the beginning of the last century, the illustrious Leibnitz elaborated

a scheme of binar}- arithmetic, (whose only characters w'ere 1 and 0,) and pub-

lished a treatise in its exposition and support. A paper of his upon the subject

will be found in the Memoirs of the Academic Royal des Sciences for the year

1703, page 85, in which he says he had himself employed this ratio of computa-

tion for many years, and that he regarded it as " la perfection de la science des

nombres;" an opinion which, from such an authority, is entitled to very high

respect.

It may well be questioned, however, whether the senidenarj' scale favored by
your correspondent would fulfil the true desideratum

—

a minimum of arithmetical

labor. There are considerations tending to show that even our present denary

ratio is too high for the most complete and general facility. In balancing the

two opposite conditions of conciseness of expression, and simplicity of construc-

tion, it must be borne in mind that while the number of places required to express

a given value is diminished, simply as the logarithm of the radix increases,

the mental labor required in using any scale is increased in a considerably higher

ratio than the arithmetical increment of the radix
;
probably in a geometrical

progression, or as some low power of the base. I am inclined to believe, there-

fore, that as between the binary and senidenary systems, the former is decidedly

to be preferred ; that the economy of places or of expression in the latter would
prove but a trival compensation for its much larger range and variety of symbols
and the far greater complexity of all the tables and processes necessary in its

employment.
For all popular uses, either the quarternary or octonary scale would probably

be found much more convenient than either of these suggested extremes, and
certainly much more available for the distribution of weights and measures.

In 1719, Swedenl>org published an Octonary Computus, and a project of an
octaval system of weights, measures, and coins. It is said that Charles XII, of

Sweden, had contemplated the experimental adoption of the scheme not long

before his death, in 1718.

It may not be considered irrelevant to here briefly compare the four different

scales above mentioned with our established scale, in point of expressiveness.
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Scale of com-parison.

Scale.

Denary
Senidenary.
Octonary . .

.

Quarternary
Binary
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From II. Zisgenbals.

Leipsic, May 17, 1SG7.

Enclosed I send you the prospectus of the Schlagintwait collection of ethno-

graphic heads of India and higher Asia, which, in view of the purpose now enter-

tained of forming a" comprehensive museum of such representations, cannot fail

to be of interest to the Smithsonian Institution.

The price of the collection is, as has been already stated, somewhat high, and

is established at the following rates:

1. Single heads, according to the choice of the purchaser, 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,

taken at one time, 2,348 thalers.

In case of a commission for the above purpose I would hold myself in readi-

ness to superintend the transmission in the best and most expeditious manner.

From W. Alfred Lloyd.

Hambueg, 3Iay 25, 1867.

The sparroics will be sent in about two months from this date, when the

young birds born this spring will bo strong enough for travelling. They are not

very easy to keep in captivity, and I must try to find out by previous obseiwa-

tion what will be the best manner of forwarding them. You shall, of course,

have due notice and proper instructions, and I will place them in the care of a

trustworthy person, to whom a premium can bo oiFered, varying in amount
according to the number delivered alive and in good health. This is the plan I

adopt with regard to the transport of living aquarium animals, and thank you
very much for kindly trying to send me some. I mentioned sea anemones and
madrepores, they being easier to send alive than some other animals, but I should

hii glad to have any American invortebrata, particularly marine, as I try to make
the aquarium of our society a kind of museum of the lower aquatic forms of life.

I think I did send j'ou a pamphlet containing a list of those I have akeady
obtained, chiefly from England and the north of Europe, and I am now desu'ous

to get things from places further afield. I believe many of your marine Crustacea

might be forwarded with no very great amount of difficulty, but the only exam-
ples I have yet obtained are Cenobifa Diogenes, from Cuba, and Limidarpoly-

pliemus, from New York. I have still some of the last named, but they are too

big for my accommodations, and I am anxious to see very young specimens

—

say a couple of inches long. Last week I almost got some crabs from the South
Sea islands. They appear to be situated somewhere about grapsus or gonopl^e.

These three forms of Crustacea reached Europe alive because of their habit of

living much out of water, not usually immersed in fluid, but only kept damp, so

that the fact or accidence of their own avoidance of being kept actually below
the surface of the water caused their gills to be sufficiently aerated on the voy-

age, as it is evident that thin films of water presented to the atmosphere are

more quickly oxygenated and acted upon than large masses, V)ecause of the pre-

sentation of greater surfaces to the action of the atmosphere, just the same com-
paring together dissimilar processes that a lump of sugar placed in water as a
solid lump takes a much longer time to dissolve than if the same quantity were
powdered, because when in the form of powder the water has an infinite number
of surfaces to act upon all at once. Eor this reason I keep all difiicult marine
animals in shallow water. A cubic foot of fluid, arranged as a cube, pre-

sents to the atmosphere a surface of 144 stjuai'c inches, whereas, if the same cubic

foot be spread out so the depth is but three inches, the surface presented is 576
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inches, and the amount of oxygen absorbed by the atmosphere in contact with it

and the health of the animals immersed in it (always supposing they have enough

space in which to move) is according to the arithmetical expression of the case.

Even deep-sea creatures obtained from the greatest depths to which dredges and

sounding lines have ever penetrated try to get to the surface of the aquarium

they are placed in, to seek the air which the euonnous pressure gave them in the

waters they inhabited in nature, and appear to suffer no inconvenience by the

removal of that pressm-e, their tissues being vascular and permeated by the water

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 afforded by the

vessel they are brought in. I have often thought that a large tub containing

masses of rough cleaned sponge, (such as is used for stable purposes,) would
answer well in bringing over some Crustacea, and perhaps sea anemones. Some
small holes should be bored in the side of the tub about three inches from the

bottom, and then, if a quantity of sea-water were daily or oftener poured over

the sponge and animals, it would find its way out at the holes and leave the

sponge saturated w-ilrh moisture. Each mass of sponge would be a kind of lung
perforated with openings in all directions, and the fluid contained in the sponge

"would thus have a very large surface exposure to the sun*ounding air, and the

crabs would climb upon and absorb it, while the three inches of water below
would efiectually prevent desiccation. Twenty or thirty small crabs so brought

to Europe in a tub of about four feet diameter, covered over the top with a net,

would be very nearly in the condition, chemically speaking of, as many birds or

other lung-breathing creatures. The sponge too would, I think, prevent injury

to the animals by the motion of the ship. We know far too little of the habits

of invertebrate aquatic forms of life from parts of the world distant from us, as

we have not given sufficient consideration to the proper means of transporting

them. What is wanted is not only w'ater but air in the water, and if on board
ship the appliances are somewhat rude, so that the fluid cannot be kept as pure

as it might bo kept on land, then shallowness and the presentation of great sur-

faces of fluid to the purifying influences of the atmosphere are the best means of

getting over the difficulty. We shall be very thankful for the promised mcno-
jgoma.

From W. Alfred Lloyd.

Hamburg, Jidy 13, 1867.

By the steamer Borussia, leaving here this evening, the ^' Zoologische Gessell-

chaft," of Hamburg, sends for the acceptance of the Smithsonian Institution at

Washington a collection of upwards of 300 living sparrows, in'accordance with

a wish expressed by you, as you desire these birds to multiply in your country

that they may consume the insects that devour corn, vegetables, and fruit grow-
ing in the ground. Will you please report on their arrival and say how many,
if an}', reached you alive ; then this society will pay the man in charge a propor-

tionate premium for himself. The freight is free between our two Institutions

by all the vessels of the Hambm-g New York company. Please return the cages,

and, if you wish, we will send more in them, and eontinue to fortcard you sup-

plies till we succeed, if success be possihle. Sparrows from England have been
sent, after some trials, to Australia, and they are there thriving, I believe. If

any ill-luck should happen to the present consignment, please try to find out the

cause of it, in order that in renewing our attempt we may learn from experience

of the past. I have heard something of the value of transporting such birds

to long distances confined in small cages, with two or three in each, but no

reason was given for it, and therefore I cannot see why such a system should bo
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light or s\Tong ; but if you find a good cause for it, let mo know and I will

adopt the plan, or any other.

You were, in your letter of April 24th last, so kind as to say you woiild

endeavor to forward my wish in procuring from America some living marine

animals for our aquarium here, and I should be glad to know what success you

have yet met with. Some weeks ago I sent you a letter setting forth at full

length my views on the transport of non-lung-breathing animals, and I trust

that the explanations I ventured to trouble you with may be of some service in

getting over difficulties. Wo know very little of non-European zoophytes in a

living state, and, as I may have told you, American sea anemones have been

brought over only once, though such animals from Britain have several times

been sent to your country and to Australia.

I am exceedingli/ anxious to obtain some of your Helian thoid polypes, your

sea anemones and madrepores ; and no matter how common they may be with

you, they are sure to ]»e interesting and valuable to me, unless it is positively

known beyond all doubt that they are identical with Em'opean species, and
even then the very fact of the identity would be of interest. So please send me
any. Of course you have got Gosse's '^Actinotoba Britannica," 8vo, 1860.

It is the text-book for British Actineas and Madrepores ; and I am told that

Rhodactinea is exactly the same as our Act. mesembry anthemone. I should

like to prove this. I have also heard that our Actinotoba dianthus is ''very near

your M. marginatum," and this, .too, I should like to clear up.

Arachnactis, the only swimming anemone known, is reported to be very abund-
ant with you ; it finds a place in the lists of our Biitish fauna, but I do not know
any one who has ever seen it, and I fear it is too small and delicate, and too near
in texture and habit to the Acalaphae to be brought here alive. Bisidiam and
Halcampa, too, are two of yom* minute forms I slaould like to get.

Our two commonest British corals, Caryophyllea and Balanq^hyUea, are exceed-
ingly hardy in transport, and if your stony corals are anything like ours the send-

ing them over is a matter of no great difficulty.

We have but one really denotoid coral in Britain, Lapliolielia prolifera, and
its corrallam even is very rare indeed, and no British naturalist has ever seen it

alive. Tropical (American and other) branching corals are constantly being
brought to Europe by tons weight, but never once has a single living specimen
been imported in good health. Lately I went to much expense in trying to get
some from the Navigators' islands, but they all arrived without a particle of
fl^^shy matter on them. You may judge from this what a great prize I should
deem an Astrangia colony here in Hamburg, and this is found in abundance,
I believe, in Massachusetts ba}'. It is right to name the name of the man who
for the first and only time brought sea anemones from your country—Captain
H. W. Wendt. In my blazing zeal I have had his photographic portrait framed

;

and, common sailor thougli he looks, he is in my eyes a greater man than all the
political fellows who go raving up and down various countries. The species

were Fhymactisflorida and F]iymactlsx)luvia,iYo\n Iguazee,in Peru, and described
in Dana's gi-eat work in quarto and folio on Captain Wilkes's United States
exploring expedition.

The Echiuodermata of any kinds, hard or soft, would, I fear, not travel, but
I need not say how much I should value a living Echlnarach'mus, of which ojdy
one example of one species (E. Placenta) has ever been found in IBritain. With
yoii it is very common.

Fishes from America are not to be hoped for, I am afraid, though I have got
two alive, (Pimelodus catus and Leneiscus pygmacus.) But some of the Crustacea
might, 1 imagine, be got over alive ; for example, Homarus Ama-icanus. And
judging from it, I should imagine your edible crabs and your soldier crabs to be
different specifically from ours.

But pray assist me in preventing the importation of Limulus polypliemus
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(horseshoe crab,) which come over here 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 Linmlas were less hardy.

From the Museum of Natural History of the National University of Greece.

Athens, August 12, 1867,

"We have learned, through M. Rangabe, 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 nmseum,

inasmuch as our collections are at present but scantily provided with objects

pertaining to the natural history of North America. As regards duplicates of

the objects of our own country, we have in readiness for oflfering to the Institu-

tion : a series of fossil bones of different mammifers (Hippotherium grande

;

Rhinoceros partygnathus ; Sus erymauthius; several species of antelope, &c.,

&o.,) of the pleocene formation of Pikermi, in Attica; a collection of impres-

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 ten-estrial.

"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 ordcK that we may bo

able at once to make a first remittance. We should be glad, at the same time,'

to know by what channel, by what means, and to what address our remittances

must be forwarded. It would 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 and 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,
*

TH. De HELDREICH,
Conservator qf tlw Museum of Natural History.

HEHITZOPOULOS,
Eplwr of tlie Zoological, Mineralogical, and Geological Collections

of tJie Museum of Natural History of the University.

From Professor Laboulaye, of the Institute of France.

Pakis, September 4, 1867.

I have received, through M. Bossange, the .case containing 174 volumes of

educational books, which you had the goodness to send me. These books foiTQ

the admiration of all who take an interest in education, and I hope that Erance

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 " Reader,"

your "Object Lessons," 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 j^rcsent; and I avail myself of this opportunity to say to you how much I

am touched by the proof you have given me, on this occasion, of good will.

You have treafcd me as a compatriot, and, sooth to say, there is no Frenchman

who is more American than myself.

[The works referred to were presented by American publishers of school books

at the request of the Institution.—J. H.]

From D. G. Lifidliagcn, pcrxxtual secretary of tJie Academy of Scietices of
Stockliolm.

Stockholm, Navemhcr 4, 1867.

I have had the pleasure of receiving, in behalf of the Academy of Sciences at

Stockholm, your letter of the 29th of May last, accompanying your remittance,

through M. Fliigel of Leipzic, of a collection of very rare birds of tlie Arctic

regions of your continent—a collection which your distinguished Institution has

had the goodness to present to our academy.

The package arrived in the month of August, during my absence on certain

commissions 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 in autiimn, pronouncing its contents to possess great value for the

museum.
Permit me to convey to you the thanks of the academy for this acceptable

donation.

From John Gould, esq.

LoNDOK, Novemher 25, 1867.

I beg to thank you most sincerely for your kindness and lil)eralit3' in sending
from time to time for my inspection, through Mr. Lawrence, of New York, speci-

mens of humming-birds belonging to the Smithsonian Institution, which he has
designated as new species. By these acts of condescension you arc greatly aid-

ing the cause of science, since it is only b}- the actual comparison of such exam-
ples with the older known species of this extensive family in the collections of

this country that the fact of their being new can be satisfactorily determined.

From S. P. Mayherry.

Cape Elizabeth, Maine, January 4, 1868.

I am very much pleased with the selections in your reports, and hope that

some means may be taken for their more extended circulation. Wliile at a summer
resort, Rye Beach, New Hampshire, of some celebrity, attention was called to

the gradual approach of the sea upon the land. Some 20 rods below high-water

mark, at an exceeding low tide, may bo seen the stumps of quite large trees

embedded in the sand, and from the general appearance one would suppose that

the trees had been felled from those stumps. I made inquiry of the oldest

inhabitants if they had any information relative to them ; they had none ; that,

in their time andtliat of their fathers', these had been noticed, seeming not much
further out to sea than at the present time. There is no growth within 800 yards.

The country around has been settled since 1623. About two miles from this

used to be a fine sand beach, which has disappeared. The inhabitants thought
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the constant play of tlie sea had worn it, but 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 ai-e at youi" 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. H.l

From Lmien Pratt, prqfessor of physics and cJiemistrt/, University of San Jose,

Costa Rica.

San Jos6 de Costa Rica, Fehruary 8, 1868.

We have received through M. the minister of public instruction a magnificent
collection of the scientific memoirs of the Smithsonian 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. The
minister has, I believe, already written to the Smithsonian 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 the present population of the

country, nor the necessarily embryonic state of the University of San Jose, you
have looked only at our disposition to labor, to take part in the scientific move-
ment of the great nations, and you have 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 which I have thus 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 the 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 the mail of

day after to-morrow.

The specimens of ores of gold and silver are accompanied only by a designation

of the locality ; by the next post I shall have the honor of addressing you a
copy of an official table drawn up by one of the judges of mines, in which you
will find all the indications relative to the value of the ores. I send no table of

analysis, because this analysis would apply only to isolated specimens or at most
to an av^erage of specimens, and would never have the practical signification of

the results obtained by the exploitation. Neither have I sent any specimen of

the enveloping stratum, because the specimens which I have at the university

have been taken rather too near the surface, and it is impossible to recognize in

the decomposed rock any mineralogical character Avhich would authorize a deter-

mination respecting the formation itself. It should be added that I have not yet

been able to proceed to a study of the conditions of the bearings on the spot.

As soon as I shall have found time to make a geological reconnaissance of the

principal 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 the 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 poiphyry and trachyta.

I do not doubt this law as far as the great formation of South America is con-

cerned, but it appears to me 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, the meagreness of onr 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 have 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 the country, it was impossible
to commence anything before providing assistants, without whom an isolated

explorer, however earnest his purpose, would find himself reduced to two hands
and 12 hours' laljor per diem. The government, by which the laboratory has
been established, has always protected us with a liberality sufHciently indicative

of its enlightened views, and I hope that ere long myself and my disciples will

be 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 time among the poorer correspond-
ents of the Smithsonian Institution, but have the goodness to believe that we
shall be among the most zealous, and of the number of those always most ready
to contribute, according to our resources, to the noble objects which the Institu-

tion holds up to view.



BIOGRAPHICAL NOTICE OF CHARLES COFFm JEWETT,

(FORMF.RLY ASSISTANT SECRETARY OF THE SMITHSONIAN INSTITUTION, IN CHARGE OF THE LIBRARY.)

By Keuben a. Guild, of Bkown University.

* Aga.in we are called npon 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 C. Jewett, superinten-

dent of the Public Library 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, he was at his post in the library, attending to his

work as usual, until 3 o'clock in the afternoon, when he was seized with a sensa-

tion of numbness in one hand, which proved to be parah'sis. He 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 he continued until liis

death.

Mr. Jewett was born in Lebanon, Maine, on the 12th of August, 1816. His
father, the Rev. Paul Jewett, was a OongTcgationalist clergyman of Salem,

Massachusetts, who graduated at Brown University in 1802, in the same class

with the late Hon. Henry Wheaton, LL. D., author of " Elements of Internar

tional Law." He was a tutor in this institution from 1806 to 1809, and was
afterwards offered a professorship, which he declined, preferring the labors and
responsibilities of the Christian ministry to those of any other calling or profes-

sion. He was a man of talents, of accurate learning, of cultivated taste, and of

very retiring habits. In the education of his children he took unwearied pains.

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 de})lore, and a

third was for several years a professor in Amherst College.

Mr. Jewett passed his early life in Salem, graduating at the Latin School in

that place. He entered Dartmouth College in 1831, but transfeiTcd his connec-

tion, in his sophomore year, to Brown University, where he graduated in the

famous class of 1835. He spent two 3'ears or more in teaching at the Uxbridge
Academy, and subsequently studied at the Hieological Seminary in Andover.

Here he devoted himself chiefly to Philology, and especially to the oriental lan-

guages and eastern antiquities, in which departments of knowledge he attained

great proficiency. Indeed, according to the testimonies of the late Professors

Stuart and Edwards, few students, if an}-, had in these departments excelled him.

His commencement address at Andover attracted universal attention, and was
greatly admu-ed on account of the elegant style in which it was waitten, and the

thorough acquaintance with oriental subjects which it evinced on the part of the

author'.

During his residence at Andover, Mr. Jewett was for a year and upwards the

librarian of the seminary, and he assisted Mr. Taylor in the preparation of a

catalogue of the Ijooks. At this time he w^as intending to spend several years,

and perhaps his life, in the East as a missionary, and he had, accordingly, at the

close of his theological course, marked out for himself an extensive course of

study and research. He had been offered facilities for the accomplishment of Ins

wishes such as few scholars, in this country at least, had ever enjoyed. When
ready to embark, so slight a circumstance as the misdirecting of a letter to infonn

him when the vessel in which he had taken passage was to sail, changed his

* From the Provirlence Evening Press, Friday, January 10, 1868.
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^vllole course of life. The vessel sailed without liim, and he took charge for a
year of ^' Day's Academy," so-called, in Wreutham, Massachusetts. Here we
first made his acquaintance as a pupil, and we shall never forget his genial man-
ners towards all, and his cordial aflection for those especially whom he instructed.

In ISJri he was appointed librarian of Brown University, and he entered upon
his duties in tlie month of Octoher. He at once set himself to the task of rear-

ranging the books, then numbering about ten thousand volumes, and of preparing

a catalogue of the same. For tliis kind of work he had an uncommon aptitude.

The catalogue was published in 1843, and attracted much attention, being favoi'a-

bly noticed in the North American Ileview, 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. He immediately embarked
for Europe, where he spent two years and a half, principally in France, Germany,
and Italy, devoting himself to the acquisition of the languages of these countries,

and making Inmself familiar with all the principal libraries. During his resi-

dence abroad. Professor Jewett made valuable purchases of English and classical

books, under the direction of the library committee. He was also intrusted with

large commissions by a gentleman of the corporation, for the purchase of stand-

ard books in the three principal modern languages of Europe. These purchases,

amounting to seven thousand volumes and vipwards, were made with singular

skill and fidelity ; and the accessions thus secured now constitute the choicest

treasures of the library.

Upon hi.s return from Europe, Professor Jewett devoted himself to his college

duties as teacher and librarian, until March, 1848, when he resigned his position

at Brown to accept the place of assistant secretary and librarian of the Smith-

sonian Institution at Washington. He entered upon his new duties with enthu-

siastic ardor, and with all the fondness and capacity for hard and persevering

labor for which he had been pre-eminently distinguished. He was doomed, how-
ever, to disappointment in his efforts to buikl up a great national library, and thus

to carry out what he understood to be the expressed wishes of Congress in regard

to the expenditure of the Smithsonian funds.* The controversy between science

and literature, as represented b}' Professors Henry and Jewett, attracted great

attention at the time, and subjected the latter to trials which fully entitled him
to the sympathy that literary men so cordially gave him. But of the merits of

this controversy we do not intend here to speak. Although unable, as ah-eady

stated, to carry out his plans. Professor Jewett <.lid much to })romote bibliographi-

cal studies and the success of American libraries. His "Notices of Public
Libraries in the United States," which was printed in 1850, was widely circu-

lated and met with very general favor. He also perfected a system of cata-

loguing, by stereotyping separately the title of each work in a library, thus com-
bining economy with accuracy. This system, indorsed by Edward 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 with rules and examples for the proper cataloguing of books.
AVhen it was decided to establish a great public library in Boston, Professor

Jewett, by common consent the ablest bibliographer and most accomplished
librarian in the country, was selected as the one of all others to superintend its

affairs. Although offered an honorable position in our oldest university, and the

presidency of a western college, he cheerfully accepted tlie place urged upon him
by the trustees of the public library. Tlie library building was dedicated with
appropriate ceremonies on the 1st of January, 1858, and in October following the

* The wishes of Mr. Jewett iu regard to a library at the seat of governmeut worthy of the
nation, are now being realized by the action of Congress, through the influence of the Smith-
sonian Institution, though not at the expense of its funds.—J. H.

9 s
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first catialofijue of books was published. For more tlian 10 years Mr. Jewett has

thus been identified with the best interests of learning in the metropolis of New
Englaiid. The eatalogues which he has prepared, and the rules for the govern-

ment of the library which he has suggested, have served as models for similar

libraries in all parts of the country. To his thorough and systematic knowledge,

and to the faithful perfomiance of his duties, the citizens of Boston are largely

indebted for the 'rapid growth and complete success of what seems destined to

be the lihrary of the land.

The early death of such a man must be regarded as a public loss. What
shall we say, alas ! for the loved wife and children who survive him, and for

those who enjoyed his friendsliip, and who knew him in the most intimate rela-

tions of private life? For such, it is a consolation to know that his dailv walk
and conversation was a beautiful illustration of the Christian's faith ; 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."



BIOGRAPHICAL NOTICE OF WM. HEMY HARVEY, OF DUBLIN.

By Professor Asa Gray, of Harvard College.

[This biograpliy is republished from the American Journal of Science and

Arts as a tribute to the memory of a most valued collaborator of the Smithsonian

Institution.—J. H.]

William Henry Harvey, whose lamented death was announced in the last

number of this journal, (p. 129,) was born at Sumraerville, near Limerick, Ire-

land, on the 5th of February, 1811. His father, Joseph ]\[. Harvey, was a highly
respected merchant in that city, and a member of the Society of Friends. Wiliiam
Henry was, we believe, the youngest of several childi'en. He received a good
education at Ballitore school, an institution of the Friends, and on leaving it was
engaged for a time in his father's counting-room, devoting, however, all his spare

time to natural history, his favorite pursuit even from boyhood. He made con-

siderable attainments in entomology and concliology, and in botany he early

turned his attention to mosses and algcc. To the study of the latter, in which
he became pre-eminent, he was attracted from the first b}^ the opportunities which
he enjo^'fd on the productive western coast of Ireland, the family usually spend-

ing a good part of the summer at the seaside, mostly on the bold and picturesque

shore of Clare. As the late Sir William Hooker's bent for botany was fixed by
his accidental discovery of a rare moss, which he took to Sir J. E. Smith, so in

turn was Hai'vey's, by his discovery of two new habitats of another rare moss,
the Hookcria Icctevirens, which led to a correspondence with Hooker, and to a
life-long mutual attachment of these most excellent men. Encouraged by his

illustrious friend and patron, Harvey sought some position in which he might
devote himself to science ; and it would appear was selected by Mr. Spring Rice
(the late Lord Monteagie) for the post of colonial treasurer at the Cape of Good
Hope ; that by some accident the appointment was made out in the name of an
elder brother, and an inopportune change of ministry frustrated all attempts at

rectification. There was no other way but for the brother to accept the under-
signed appointment, and take the young botanist with him to the Cape as his

assistant. This was done, and the brothers sailed for that colony in the year
^1835. But the health of the elder brother suddenly and hopelessly failed within
a year, and he died in 1S3G on the passage home. William Harvey's appoint-

ment to succeed his brother had been sent to the Cape while he was on his home-
Avard voyage ; he immediately returned to his post and fulfilled its duties for

three years, devoting his mornings to collecting and his nights to botanical inves-

tigation, with such assiduity that his health also gave way, and he was compelled
to return home in 1839. The summer of the next year found him re-established
and on his way to the Cape for the third time. But he could not long endure
the sultry climate and the intense application ; with broken health he came back
in 1841 and gave up the appointment.

After two years of prostration and seclusion he was well again; and in 1814,
on the death of Dr. Coulter, he was appointed keeper of the herbarium of Trinity
College, Dublin. The most important portion of the herbarium then consisted
of the collections, yet unassorted, made by Coulter in northwestern Mexico and
California. Harvey generously added his own large collections, for which he
was allowed fifty pounds a year in addition to a slender salary, and he proceeded
to build up the herbarium into a first-class establishment. The professorship of



132 WILLIAM HENRY HARVEY.

botany in tlie college, which was pretty well endowed, fell vacant abont this

time, and the college authorities, wishing to elect Harvey to the chair and so to

combine the two offices, confeiTed upon him the necessary degree of M. D. But
it was contended that an honorary degree did not meet the requirements, and so

Dr. Allman, the present distinguished professor of natural history at Edinburg,

carried the election.

Except for the slenderness of his salary, Dr. Harvey was now well placed for

scientific work, the object to which he wished to devote his life, and he entered

upon and pursued his distinguished career henceforth with an entire and well-

directetl energy that never flagged until he was prostrated by mortal disease.

He had already published, at the Cape in 1S38, his Genera of South Afriean

Plants, hastily prepared, solely for local use, Init no xmworthy beginning of his

work in Phaenogamous Botany ; and in his favorite department of the science he

had brought out in 1841 his Manual of British Algce, which he re-edited in 1849.

He now commenced the first of the series of his greater works, illustrated by his

facile pencil—for he drew admirably. The first (monthly) part of his excellent

and beautiful Phycologia Britannica, a Histori/ of British Seaweeds, containing

colored figures of all the species inhabiting the shores of the British islands,

appeared in January, 1846, and the undertaking Avas completed in 1851, in three

(or four) volumes, with 360 plates, all drawn on stone by his own hand. A simi-

lar but less extended work, the Nereis Attstralis, or Atgee 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
Dublin Society, to which belonged the botanic garden of Glasnevin ; this required

him to deliver short courses of lectures annually in Dublin or in some other Irish

town, and provided a welcome addition to his income.

In 1848, at the request of his friend Van Voorst, the publisher, he ^Tote his

charming little volume, The Sea-Side Bool; the unsin'passed model of that class

of popular scientific books; it was published in 1849, and has 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 the Lowell Insti-

tute, he took steamer for Halifax and Boston, passed the summer and autumn in

exploring the shores of the northern States, and in the society of his friends and
relatives ; for the late Mr. Jacob Harvey, still well and pleasantly remembered
in New York, who married the daughter of Dr. Ilosack, was his elder brother.

In the autumn he gave an admirable course of lectures upon Cryptogamic botany
before the Lowell Institute in Boston, and afterwards a shorter course at the

Smithsonian Institution at Washington. He then travelled in the southern

Atlantic' States, continuing the exploration of our Atgtv down to Florida and the

Keys; and in May, 1850, he returned to Ireland.* Under the wise and liberal

arrangements made by Professor Henry in behalf of the Smithsonian Institution,

and with his own large collections augmented by the contributions which every
student or lover of Algcs was glad to place in such worthy hands. Professor

Harvey now prepared his Nereis Boreali-Amcricana, or Contributions to a His-
tori/ of the Marine Atgce of North America. The work is a systematic account

of all the known marine Alga of North America, but with figures only of the

leading species. It was issued in three parts ; the first part, \\ie MeJanospermece,
in 1852, in the third volume of the Smithsonian Contributions to Knowledge;
the second, the Mhodospermece, in the fifth volume ; and the third, or Chloro-

spermccc, in the tenth volume of the series published in 1858 ; and the three parts,

collected for separate issue, compose a thick imperial quarto volume, of 550 pages
of letter-press and fifty plates. The work remains the principal if not the only

*A notice of Dr. Harvey in the Athenaeum states, quite erroneously, that " he also at this

time made a tour around the shores of the Pacific, visiting Oregon and California."
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guide to the American student of AlgfV, and one of the most popular as well as

useful of the very various contributions to knowledge which the well-manajred

bequest of Smithson has given to the world.

Before the last part of the Nereis Boreal i-Americana was published, Professor

Harvey had sought a wider field of scientific labor and observation. OV)taining

a long leave of absence, and some assistance from the university in addition to

the continuance of his salary, he left England in August, 1853, by the overland

route for Australia, stop[)ing at Aden and Ceylon to collect; he visited the east,

south, and west coasts of Australia, as well as Tasmania. Taking advantage of

a missionary ship which was to cruise among the South Sea islands, and whicli

offered him unexpected facilities, he visited the Fiji, Navigators', and Friendly

islands, touching also at New Zealand. Returning to Sj'dney he sailed to Val-

paraiso, which he reached much prostrated through over-exertion in a warm cli-

mate; and when recuperated he returned home by way of the Isthmus, arriving

in October, 1856. The algological collections of these three laborious years, or

the Australian portion of them, formed the subject of Professor Harvey's third

great illustrated work, and one of the most exquisite of the kind, the Phycologia

AustraJica^ the serial publication of which liegan in 1858, and was concluded

in 1863, in five imperial octavo volumes, each of 60 colored plates. All but the

last century of plates were put upon stone by the author.

Upon Dr. Harvey's return, in 1856, from his long expedition, he found the

chair of botany in the University of Dublin vacated by the appointment of Dr.

Allman to that of natural history in the University of Edinburg, and he was at

once preferred to the position which he had sought when younger and freer, and
which he now occupied till his death. The exhausting duties of this chair, and
of that which he still held in the Royal Dublin Society, undiminished by the

transference to the Government Museiun of Irish Industry, did not prevent Pro-

fessor Harvey from entering with unabated ardor upon an undertaking of greater

magnitude than any preceding one. This Avas the Flora Capcnsis^ a full sys-

tematic account of all the plants of the Cape Colony and the adjacent provinces

of Caffraria and Natal, in which he was associated with Dr. Sonder, of Ham-
burg. Three thick octavo volumes of this work have appeared, the last in

I860, including the Compositfe. Along with this Dr. Harvey—learning for the

purjiose another foiin of lithographic drawing—brought out, between the years

1859 and 1864, two volumes of his Thesaurus Capensis, or IIInstrttfions of the

South African Flora, comprising 200 plates of interesting phanogamous plants.

A complete list of his publications would include several contributions to scientific

periodicals, mainly to Hooker's Journal of Botany, and a few miscellaneous

writings.

In April, 1861, Dr. Harvey married Miss Phelps of Limerick. If not robust,

he was apparently in good health, in the full maturity of his powers, and, it was
hoped, only at the noonday of his allotted course of usefulness. But ere the lec-

ture season of that summer was over, an attack of haemorrhage from the lungs

gave notice of a serious pulmouar}^ disease. Yet he seemed to recover from this

almost completely ; he resinned his stated work and gave his lectures as usual in

186.3, and also in the spring of the following 3'ear, l)ut with some difiiculty. The
winter and spring of 1864-5 were spent in the south of France, with only tran-

sient benefit. Returning to his home and his hei-barium he worked on still at

the Cape Flora, with cheerful spirit and feeble haiids, until he could work no
longer. Last spring he sought in Devonshire a milder air, and found a peaceful

rest. " On Tuesday, the 15th of May, 1866, at the age of 55 years, he quietly

breathed his last at the residence of Lady Hooker, the widow of his long attached
friend Sir William J. Hooker, surrounded by kind and anxious relatives and
friends, and was buried in the cemetery at Torquay, on Saturday the 19th of

May."
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Dr. Han^ey was one of the few botanists of our day who excelled both in

phsenoafamic and cryptogamic botany. In algology, his favorite branch, proba-

bly hehas left no superior; in systematic botany generally, he had now an emi-

nent position. He was a keen observer and a capital clesciiber. He investi-

gated acciu-ately, worked readily and easily with microscope, pencil and pen,

Avrote perspicuously, and, where the subject permitted, with captivating grace;

affording, in his lighter productions, mere glimpses of the Avarm and poetical

imagination, delicate humor, refined feeling, and sincere goodness which were

charmingly revealed in intimate intercourse and correspondence, and which won
the admiration and the love of all who knew him well. Handsome in person,

gentle and fascinating in manners, genial and wann-liearted, but of very retir-

ing disposition, simple in his tastes and unaffectedly devout, it is not surprising

that he attracted friends wherever he went, so that his death will be sensibly felt

on every continent and in the islands of the sea.
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The object of this cappendix is to illustrate the operations of the Institution

by reports of lectures and extracts from correspondence, as well as to furnish

information of a character suited especially to the meteorological observers and

other persons mterested i& the promotion of knowledge.
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Bv M. fiuE DE Beaumont,

Perpetual Secretary of the French Academy of Sciences.

TRANSLATED FOR THK SmTHSONIAN INSTITUTION BT C. A. ALEXANDER.

It has been said that the distinctive stamp of onr age is the aspiration after

mateiial well-being. Science is accused of having fostered this instinct by the

numerous useful applications with which it has endowed humanity ; and it is

true that in our day chemistry, steam, electricity, have remodelled the face of

the world. It is quite certain, also, that a scientific education better understood

and more generally distributed has multiplied the number of those who, without

having received from nature faculties of the first order, have yet proved capable

of deriving from science great advantages as well for others as themselves. Wo
may well suppose that even minds still more developed, seduced by the allure-

ments of fortune or yielding to stern necessity, have sometimes deviated from
the arduous paths of pure science into the more inviting paths of applied science.

But we have seen also, and see daily, men of a more rolmst temperament who,
listening only to the inspirations of genius, devote their whole existence to stren-

uous labors which, for the moment, will contribute merely to the increase of

science 5 of which future generations alone can make useful applications; which
will not be appreciated even in a manner somewhat general imtil long after the

death of their authors; and from which those authors will themselves have
derived no other enjoyment than the majestic and exciting spectacle of great

truths covered as yet with an impenetrable veil to all eyes but their own,
together with the consciousness of a duty fulfilled towards Providence, who has
intrusted to them the instruments of the future progress of the human race.

Among those who seem to have been l)orn to vindicate our age from an
unjust reproach, and to exalt humanity in its own esteem, a high rank must be
accorded to a geometer who occupied a place in this academy for nearly 50
years, who has enriched our publications with some of their most valuable con-

tents, and bequeathed to future ages works of paramount importance ; whose
merit is every day more generally recognized, and whose memory awaits by
just title an official testimonial of the sympathetic admiration which has sm--

vived him in the affectionate remembrance of all his colleagues.

Adrien Marie Legendre was born, September 18, 1752, in a condition of life

which left to him the credit of being indebted to his own merit for all that he
might eventually become. He finished in good season, at the college Mazarin,
those solid classical studies from which he derived a lasting taste for the litera-

ture of the ancients, the happy fruits of which are to be recognized in the ele-

gance, the purity, and the lucid conciseness of his writings. There also ho
commenced the study of mathematics under a highly distinguished master, the
Abbe Mario, who hiiled not to remark his ardor and was struck with the per-

spicuity of his exercises. But a little time had elapsed after his retirement from
college when the judicious professor publishing, in 1774, a treatise on meclian-
ics, thought proper to embody in it several remarkable fragments derived from
his disciple. The modesty of the scholar inclined him to shrink from desigua-
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tion, but the abl)e felt it to be a dut}^ to indicate to men of science the passages

wLicli had proceeded from the pen of the young Legendre, aged at that time

22 3^ears. Among these passages is the definition of accelerative forces, dis-

tinguished by a precision and clearness of expression which seem sometimes to

be among the happy privileges of youth. This definition is so natural, and
now so familiar to scientific minds, that, when recalled, it is with difliculty con-

ceived hew it could ever have presented anything of originality and novelty.

It is but just to say that it forms no exceptional featm-e in the work of the Abbe
Marie, who, in many respects, was in advance of his age, and whose merit was
not limited to that of having divined the talents of Legendre.

D'Alembert had said, with just foresight, that the fate of the new calculus

(diflferential and integral) would depend on the reception it met with from the

younger geometers; these therefore he sought to allure to the method in ques-

tion, and which was as yet imperfectly comprehended, by the degree of esteem

and consideration which he accorded to such among them as evinced a capacity

for following it. He was not likely long to overlook the penetrating and pre-

cocious talent which disclosed itself in the young Legendre ; and scarcely had
the first Mmpses of genius given presage of what might be expected from the

disciple of the Abbe Marie, when he was named professor of mathematics at the

military school of Paris. Here, from 1775 to 1780, he continued to give les-

sons on the scientific grounds of the military art to that ardent and intelligent

l)ody of 3'ouths from which have sprung not a few of oiu* warlike celebrities, and
whose number would have been more considerable, had not circumstances

forced a part of them into emigration. It may be infeiTcd that the instruction

given b}' the young professor embraced the first elements of haUstics, the art,

namely, of throwing projectiles, and that he studied the learned treatises which
Bezout, Borda, and other eminent men had pid)lished on these difficult problems

;

for when the lloyal Academy of Sciences and Belles-lettres of Prussia proposed,

for the prize of 1782, the question of determining the curve described by bafts and
shells, regard being had to the resistance of the air, and giving the rides for ascer-

taining the range which corresponds to different initial velocities and to different

angles of projection, M. Legendre was quite in readiness to enter into the compe-

.tition. His memoir, prepared on this occasioii, was crowned with success in the

public meeting of June 6, 1782, and was pitl:)lished at Berlin under the title

oi Becherchcs sur la trajcctoirc dcs projectiles dans les nidieux resistants*

Newton, it is stated in this memoir, was the first who made researches respect-

ing trajectories in resisting mediums. He particularly considers that which takes

place on the hypothesis of a resistance proportional to the simple velocity^ but

he gives merely ai)proximations, and those but rough ones, for the trajectory

which results when the resistance is proporticjnal to the square of the velocity.

The honor of the discovery is due to Jean Bernoulli, who published a genenil

solution of the i:)roblem, supposing the resistance to be as any power whatever

of the velocity. Long after, Euler discussed the same qitestion in the Memoirs
of the Academy of Berlin for the year 1753. His object was to apply the

theory to balistics, and for that he proposes very ingenious means. In the

memoirs of the same Academy for the year 17G5, and elsewhere, we find very

extended researches by Lambert with the same object. Borda, in the Memoirs
of the Academy of Sciences of Paris for the year 1769, has treated this ques-

tion with his usual elegance and ingenuity. Conformably with the idea of

Newton, he substitutes for the true trajectory that wdiich would be described in

virtue of a density but slightly variable, and he obtains by this means an

approximation much superior to that of Newton. Lastly, Berout, in his Cotirse

of Artillery, published in 1772, made a more particular apphcation of methods

of his own to the trajectory of shells and bullets.

* This memoir bore for its motto : TuUiintur in altum ut casu grnviore ruant.



MEMOIR OF LEGENDRE 139

M. Legeiidre propounds the equation of the movement of the projectile on the

supposition that the resistance of the air is proportional to the square of the velocity.

He integrates this equation with elegance, and the reduction into series fonns moi'e

especially the remarkable part of the memoir. Althoug-h the hypotheses which

he advances on the variation of the density of the air have been modified, his

calcalations have remained the type of those that have been made more in

detail on the supposition of a resistance proportional to the square of the velocity.

M. FrauQais, professor at the schools of artillery, and General Didion have only

supplied improvements to his method.* But this solution of the balistic ques-

tion is simply a monument, so to speak, in the history of the science, since the

necessity has been recognized of introducing, in the expression of the resistance

of the air, a tenn proportional to the cube of the velocity. It is not the less cer-

tain, however, that by his memoir Legendre, young as he yet was, has earned

for himself a distinguished place in the series of mathematicians to wliom is due

the superiority of the European artillery ; a series which commences with New-
ton, in which M. Poisson occupies au eminent rank, and which is continued

with so much eclat by the learned officers to whom we owe the actual precision

of our artillery and the employment of rifled cannon.

But, however seductive this first success might appear, M. Legendre did not

continue to occupy himself with the application of science to military art, and we
read at this early stage on the title page of the Dissertation on Balistics, printed

in 1782, the announcement that it is "by A. M. Legendre, late professor of

mathematics in the military school at Paris." The youthful veteran, to whom
perhaps the military discipline had never been particularly congenial, had decided

to reserve his whole time for the study of departments of mathematics which,

while not more difficult, pertain to an order of ideas generally considered as more
elevated.

He had beeri occupied for some time with researches on the mutual attractions

and forms of the 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 which, MM. d'Alembert and de Laplace were named commissioners.

It was at this same sitting, as we learn from the invaluable journals of the

Academy, that MM. Daubenton and Bezout made a favorable report on a
memoir of the Abbe Haiiy, relative to the stmcture of fluor spars ; for it was the

epoch when M. Haiiy was submitting to the Academy, in a series of memoirs, the

ideas which have become the basis of crystallography.

M. Legendre finished the reading of his memoir in the sitting of the 19th of

February, and in that of the 15th of March, MM. d'Alembcrt, Bezout and de
Laplace read the following report

:

The Academy having charged us with the exarnination 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 M. Maclaiirin ou the attractions of spheroids, of which all the
sections are elliptical, «fec., &c. M. de Lagrange subsequently arrived at the same results

by analogy alone in the Memoirs of Berlin for 1771, but all these researches suppose the
point attracted at the surface, or in the interior of the spheroids. * * « »

I regret the impossibility of reading the whole of this report, written with
a masterly hand and inimitable clearness by M. de Laplace, who had him-
self the 3'ear before communicated to the Academy a learned theory of tiie

attractions of spheroids and of the figure of planets,t a circumstance which
renders still more honorable, both for himself and M. Legendre, the justice wdiicli

he so cheerfully and explicitly accords to his competitor, as yet almost unknown.
I will content myself with saying that after having analyzed the two memoirs of

M. Legendre, who arrives at the conclusion that, in order to determine the

* See Traits de balistique, by General Didion, second edition, revised and enlarged, 18G0

;

pp. 246-251.

t Memoires dc VAcademic royaledes Sciences for the year 1782.
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attraction of a ppheroid on any exterior point, it suffices to cause tlie surface of

another spheroid described from the same foci as the first to pass by that point,

the ilhistrious reporter closed his remarks as follows

:

The theorem which forms the principal object of these two memoirs is higlily 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, and announces in its author distin-

guished 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 t«he Academy,
the commissioners further added :

Besides the two memoirs of which we have just rendered an accoimt, 51. Legendre has
presented to the Academy at different times memoirs on the resolution of intermediate equa-

tions of the second degree, and on the properties of continual fractions; on several problems

of 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. Finally, M. Legendre has borne

oft' the prize last proposed by the Academy of Berlin on balistics, or the movement of pro-

jectiles.

Thus the reporters made incidentally a complete statement of the academic

titles of M. Legendre, nor was this done without intention, for there was an

election at liand in the class of mechanics. The journals inform us in etfect

that, at the following session of the 19th March, (the Academy then met twice

a week,) MAL. Coulomb, Bossut, Le Roy, and Cousin also made a report on two

memoirs of M. Perier; the first containing a description of a steam-pump, which

the latter had just constructed at Chaillot to raise the waters of the Seine, upon

the princijdes of MM. Watt and Bolton; and the second in relation to another

pump, which the same engineer had erected at that place, after ideas of his own.

These works, with which every one is now familiar, appeared to the Parisian

population of that day a marvel of a wholly novel kind. The learned reporters

concluded l)y 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 MM. Watt and Bolton, deserve the approbation of the Academy, aud should be

included in the Collection of foreign savants.

At this sitting the Academy likewise received a favorable report from MM.
Desmarest, Tillet, Coulomb, and Monge on a memoir of M. Duhamel, coitc-

spondent of the Academy and inspector general of mines, relative to a new instru-

ment for determining the intersection of lodes. The journal goes on to inform

us that at this same sitting the members of the class of mechanics presented

MM. Lcgcnilre, i\Ieunicr, Perier, Duhamel, and Defer; that the first voices were

for M. Legendre, and the second for M. Perier. It was the manner of expressing

at that time the votes of the Academy, which was composed of four kinds of

meml)ers: honoraries, of whom few were present at the sittings
;
pensionaries,

associates, and adjuncts, to whom were sometimes added supernumerary adjuncts.

Among the names of academicians who took part in the scrutiny of the 19th of

March, 1783, we remark those of INOL Cassinide Thury, d'Alembert, Lavoisier,

Lalande, Daubenton, Borda, Bezout, the ]\Larquis Condorcet, Bailly, ilochon,

Monge, Berthollet, de Jussieu, Tessier, and several other celebrated savants, a

part of whom will l)e remembered l»y some who hear me, as having, at a later period,

occupied with themselves the benches of the Institute.

In the sitting of the 2d April, the perpetual secretary (Condorcet) read the

following letter of M. Amelot, dated from Versailles, 30th March, 1783

:

I have the honor of informing you that the King has nominated M. Legendre to the place

of adjunct of the Academy' of Sciences, vacant in the class of mechanics by the nomination
of M. de Laplace to a place of associate, aud that his Majesty has also thought proper to

name M. Perier to a place of supernumerary adjunct in the same class.

I have supposed that, in reverting to the 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 tlie constitution and usages of the ancient Academy of Sciences of

I'aris, from ^vl^ich our own differ in some respects, though on many points they

have remained identically the same.

I hasten to return to the labors of M. Legendre, which followed one another

at short intervals. He read to the Academy, July 4, 1784, Eescarchcs on the

figure of planets, in which he again discussed in a felicitous miinner a subject

treated by M. de Laplace. It had been ascertained by illustrious geometers

that when a planet, supposed to be fluid and homogeneous, revolves upon itself,

it arrives definitively at an ellipsoidal figure, slightly flattened at the two puies

of rotation, and that among the figures which may be attributed to the meridian

curve, the ellipsis is one of those which satisfy the condition of equilibrium; but

no one had yet discovered that the ellipsis is the only curve which can satisfy the

condition. M. de Laplace, in his memoir of 1772, had said positively that ho

Avould not venture to assert that this figure was the only one which could do so

;

that it would be first necessary to know in finite terms the complete integi'al of

the differential equation of the problem, and that he had not yet been able to

obtain it. This M. Legendre accomplished by availing himself of the ingenious

analysis of his memoir on the attraction of the spheroids, and he 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, the

meridian of that planet will necessarily be elliptical.

'' The proposition which forms the object of this memoir," he observes in a

note, ''having been demonstrated in a much more skilful and general manner in

a memoir which M. de Laplace has already published in the volume of 1782,

(printed later than its date,) I should draw attention to the fact that the date of

my own memoir is earlier, and that the proposition which appears here, as it was
read in June and July, 1784, gave occasion to M. de 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 of M,
Legendre,* but nothing has effaced the merit of his two memoirs drawn up in

1782. Hence, M. Poisson, in the learne<l and eloquent discourse which he pro-

nounced January 10, 1833, at the grave of Legendre, took occasion to say:

The reduction into series of which he made use in the first memoir, g^aye rise to theorems
Avliich have been since extended, but which are still the basis of the theory at which we have
subsequently arrived. In the second, he gave the only direct solution yet known of the
problem of the figure of a homogeneous planet, supposed to be fluid, and soon aftenvards he
extended his researches to the general case of a planet, composed of heterogeneous strata.!

In the course of his memoir, M. Legendre finds that the teiTestrial spheroid,

which is in equilibrium when the axes are in the ratio of 230 to 231, may still be

so if the axes be supposed in the ratio of 1 to 681, which affords qttite a strange

figure, but one which recalls the ring of Saturn. He adds that d'Alembci't was
the first to remark that there might be several elliptical s])heroids which would com-
port with equilibrium. We see by these different examples what emulation existed

between those fine intellects, d'Alembert, Lagrange, Laplace, Legendre ; with

what ra})idity their labors succeeded, while they mutually completed one another.

It may further l^e remarked that M. Legendre supposes only in an iuqilicit man-
ner that the spheroid is one of revolution. The equation found by him is that

of the meridian curve, and his analysis is in no respect contradicted 1:)y the dis-

covery, as curious as it was unexpected, made in our time almost simultaneously
by M. Liouville and M. Jacobi, that the planetarj' ellipsoid may have its three

axes unequal, and that the equator may itself be an ellipsis.

* Since the death of M. Legendre, the question ot the attraction of an ellipsoid on an exter-

nal ])oiut has been completely resolved in an analytic maimer by M. Poisson, {Mf.muires dt
C Acad, des Sciences dr. I'lnslitutc, t. xiii, p. 497, 18o5 ;) ard in a synthetic manner by M.
Chasles, {Mtmoircs des savants etrangers d I'Academie des Sciences, t. ix, p. (•"^l*, 1840.)

t Di&course pronounced at the funeral of M. Legendre, January W, Ic'oo, by M. Poisson.
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M. Leg-ciulre subsequently resumed the questions treated in these first and
memorabh.^ memoirs, purticuhxrly in 1790, in the sequel of his researches on the

figure of the planets; in 1789, in a memoir on double integrals, in which he
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, the improvements contriltuted to his preceding labors on this subject by
M. Biut, who had conceived the happy idea of applying thereto an integral given
by M. de Lagrange for another object, M. Legendre avails himself of the sub-

stitution discovered by M. Ivory to present the entire theory of the attraction

of homogeneous ellipsoids with all the simplicity of which it is susceptible.

But these important labors were far from entirely absorbing M. Legendre's
attention, and the varied nature of the memoirs which he presented in great fre-

quency to the Academy, to a mere enumeration of which I must here confine

myself, evinced the extent of his knowledge and the surp»rising fecundity of his

genius.

In 1785, he read to the Academy a masterly memoir entitled Besearches on
indeterminate analysis, which includes numerous propositions on the theory of

numl)ers, and especially the celebrated tJieorem of reciprocity known nnder the

name of the kuv of Legendre* In 1786, a memoir on the manner of distin-

guishing maxima from minima in the calculation of variations.t Also, two
memoirs on integrations by aics of the ellipsis, and on the comparison of these

arcs, I memoirs which contain the first rudiments of his theory of eUiptical fmic-
tions. In 1787, a memoir on the integration of certain equations with partial

dift'erences. By a simple change of variables, he arrives rigorously at the inte-

gral of an equation which Monge had only integrated l)y a process depending on
certain metaphysical principles about which there still existed some doubts. By
proving that the integral was exact, M. Legendre contrilnited to corroborate the
reptitation of the illustrious author of the apiilication of analysis to geometry,
whose name also is one of the characteristic glories of the French mathematical
school. In this same memoir he gives by his metliod the integrals of several

classes of equations with partial dift'erences of superior orders ; then, very hap-
pily extending an idea of Lagrange for the integration of non-linear equations

of the first order, he distinguishes therein six cases of integrability which they
may present. Again, in 1790 he read a memoir on \k\^ particidar inteyrals oi

difterential equations, of which he modestly says that the principle and demon-
stration are only consequences very easily to be dednced from the theory which
M. de Lagrange had given in the Memoirs of the Academy of Berlin for 1774.
He establishes that particular integrals are always comprised in a finite expres-

sion in which the number of arbitrary constants is less than in the complete inte-

gral, thus preparing \\\q> way for the definitive labors which M. Poisson has since

made public on this subject.

But at this epoch M. Legendre was already engaged in another series of

researches which occnpied him at intervals for a great number of years, and in

which his labors were fertile in important results.

In 1787, some donbts having been raised upon the respective position of the

observatories of Paris and Greenwich, 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, MM. Cassini, Mechain,
and Legendre, the execution of this operation, in concert with Major (reneral Roy
and several other English savants. These important labors were accordingly

performed with all the exactness which the state of science then permitted—by
the help of an excellent quadrant prepared by the celebrated English artist

Ramsden, and the repeating circle constructed by Lenoir upon the principles of

"Mini, de V Academie des Sciences, vol. for 1785.

iM^m. de I' Academic des Sciences, vol. for 1786, p. 7.

XMim. de I'Academic des Sciences, for 1786, pp. 616-644.
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Borda. M. Legendre calculated all the triangles situated in France, and after-

wards those also which extended in England as far as Greenwich. On this occa-

sion he went to London, where he was received with the distinction due to him,

and was named member of the lloyal Society of London. ILspultlislied at this

time in the Memoirs of the Academy for the year 1787 (printcHl in 1789) an

important paper entitled. Memoir on the trigonometrical opcnitions of which the

results depend on the figure of the earth ;* of this he has himself explained the

object in terms which I take the liberty of abridging

:

The onl}' question here is that which regards operations exacting extreme pre-

cision, such as the measurement of the degrees of the meridian or of a parallel,

and the geographical determination of the principal points of a large area from

the triangles which connect them. Operations of this kind may be carried

henceforward to a great degree of precision by means of the repeating circle.

In eflfect, the use which we have made of this instrument, in 1787, has 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 the cal-

culations established on such data should not be inferior to the latter in exact-

ness ; especially is it requisite to take account of the reduction to the horizon,

which amounts quite often to several seconds; and thence arise triangles of infi-

nitely small curvature, the calculation of wliicli demands special rules ; for, by
considering them as rectilinear, we should neglect the small excess of the sum
of the three angles over 180°, and by considering them as spherical, the sides

would be chang-ed into very small arcs, the calculation of which by the common
tables w^ould be neither exact nor commodious.

I have assembled in this memoir, continues M. Legendre, the necessary formu-

las, as well for the reduction and calculation of these sorts of triangles, as for

what relates to the position of the different points of a chain of triangles on the

surface of the spheroid. In these calculations, lie adds, there are some elements

susceptible of a slight uncertainty. * * * * In order that

the calculation need be made but once, and to judge by a glance of the influence

of errors, I have supposed the value of each principal element to be augmented
by an indeterminate quantity which denotes the correction of it. These literal

quantities, which are to be regarded as very small, do not prevent the calculation

from being proceeded with by logarithms in the usual manner.
This was an important addition to the methods of calculation employed till

then, and still later he further added the method of least squares. He 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 Legendre, through which the calculation of a spherical

triangle of small extent is reduced to that of a rectilinear triangle, by subtract-

ing from each of the three angles the third of the spherical excess of their sum,

that is to say the inconsiderable quantity by which this exceeds 180°. M. Legen-
dre has subsequently demonstrated that this fundamental theorem is applicable

also to spheroidal triangles, whether traced on an ellipsoid of revolution or even
on a spheroid slightly iiTCgular,

He also occupies himself, in the same memoir, with the value of the degrees
of the meridian in the elliptical spheroid, and with the deteiTnination of the

respective position of different places deduced from the nature of the shortest

line which 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 with
the different sides of the triangles or with their prolongations. This line, which
M. Legendre, at different times and always with success, made the obje(!t of his

researches, bears the name of the geodesic line; on the regular ellii)soid it is of

double curvature, unless it coincides with a meridian. Finally, he o^ccupies hira-

*M^m. de V Academic des Sciences, for 1787, (printed in 1789,) p. 352.
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self W'tli tlie operations wliicli have for their object the measurement of the

deg-rees of the nieriilian, and concludes with some theoretical and practical reflec-

tions on the use of the repeating circle of Borda in the delicate operations which
relate to that object.

These reflections were judicious ; ])ut at the moment of recording them, M.
Legendre, struck with the progress which the construction of instruments had
recently made, did not foresee those improvements which it was even then on
tlie point of receiving. They were such that at the end of 30 years the opera-

tions of 1787 were fcnmd to he inferior in the measurement of angles and bases,

the oV)servation of night-signals, &c., to those generally executed in this way.
Hence it resulted that the geodesic connection of Dunkirk and Greenwich
required to l>e recommenced in 1817. This new undertaking was confided to

M5I. Arago and Mathieu, associated with Captain Kater and other English

savants. What remained and will always remain of the operations of 1787 are

the formulas and theorems which it furnished JI. Legendre the occasion of estab-

iisliing, and which in the sequel he still further dev'eloped and improved.

His memoir was written in the anticipation of new and more extended appli-

cations; for the project already existed of resuming the measurement of the

meridian which traverses France from north to south, and which had been once

measm-ed, in 1739 and 1740, in the great and admirable geodesic operation which
liad supplied the basis of the chart of Cassini. The National Assembly, in

efl"ect, 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 JOI. Borda, Lagrange, Laplace, Monge, and Condorcet, on the

choice of a unit of measure. Tlie re})ort, after a profound discussion of the sub-

ject, proposed to take as the unit of measure the metre, representing the 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 preliminary operations, one of the most important

of which was the verification, by new observations, of the series of triangles

employed for the measurement of the meridian of Cassini and its prolongation

to Barcelona.

It was afterwards agreed that ]\IjM. Cassini, ]\Iechain, and Legendre, the same
who had connected the meridian of Paris with that of Greenwich, should be

charged with this new operation. Yet M. Legendre is not comprised in the num-
ber of the 12 commissioners nominated (April 17, 1795) to conduct all the

labors necessary for fixing the bases of the metrical system. These commis-

sioners designated from their own number MM. Mechain and Delambre to exe-

cute the measurement of the angles, the astronomical observations, and the meas-

lu'ement of the dependent bases of the meridian, and it w-as they in effect who,

in very difficult times, had the merit of executing this vast operation with means
often greatly restricted

;
yet, a few years afterwards, we find M. Legendre among

the members of the mixed commission, formed of a union of French and foreign

savants, to which the duty of examining and verifying the whole work was
entrusted. All the triangles were separately calculated by four persons, MM.
Tralles, Van Swinden, Legendre, and Delambre, each employing the method he

preferred, and the results were only admitted when there was a satisfactory agree-

ment between the four calculations. M. Legendre signed with the other com-

missioners the report made to the National Institute, June 17, 1799, on the basis

of the metrical system, and he continued to take part in all tlie ulterior calcula-

tions and the different verifications rendered necessary by certain discordances

which had been remarked, and by some doubts which had arisen on the exact-

ness of several parts of the operation. The method he followed was that of

which he had estalilished the basis in his memoir of 1787. In applying it on so

exteusiv a locale, he improved and developed it, and gave a large number of new
theorems leading to more rapid reductions, to more convenient formulas. He read
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to tlic first class of tlie Institute, Marcli 3, 1806, a new memoir entitled, Analy-

sis of triangles traced on the surface of a spheroid, in wliicli he considers the tri-

ano-les as no longer described on the sphere, but on a spheroid. He inquires

and demonstrates the properties of the shortest lines traced on its surface ; extends

and thus generalizes the numerous applications of the theorem which bears his

name, and reviewing the principal operations offered by geodesy, gives the most

complete analysis of them.

He concludes that there can remain no doubt of the exactness of the calcu-

lation of the triangles from which the distance of the parallels between Dunkirk

and Montjouy, near Barcelona, has been computed, as well as the length of the

metre ; but he considers it beyond question that the results deduced from differ-

ent chains of triangles do not always exactly accord among themselves, on

account of certain anomalies in the latitudes and azimuths which may be due

to local attractions.

At this epoch, in 1805, M. Legendre had just published, in the sequel of his

new methods for the determination of the orbits of comets, an appendix on the

method of least squares. Here he proposed that method which has generally

been adopted for deriving from the measures yielded by observation the most

exact results which they are susceptible of furnishing. M. de Laplace has since

demonstrated that it is the most advantageous of which we can make use in prac-

tice. M. Legendre, after having developed it, made an immediate application

of it to the measurement of the degrees of the meridian of France, and he con-

cluded, as in the geodesic memoir, that the anomalies in the latitudes ought not

to be attributed to the observations, and that they pertain prol)al)ly to local

attractions which act irregularly on the plumb-line. M. Gauss, in 1809, seems

to have thought, for the moment, that he had rights of priority to the invention

of the method of least squares ;* but, if it cannot be contested that so eminent

a savant may have had the same idea with M. Legendre, and may even have

applied it in his labors, it is certain that M. Legendre had, on his part, .discov-

ered the method and was the first who published it.

51. Legendre continued henceforth to make part of the commission of weights

and measures ; but, though his labors of 1787 had rendered his co-operation

indispensable in the great enterprise which that commission was charged with

conducting to a successful issue, there was a period during which, as we have

said, he ceased to be officially attached to it : this was under the reign of terror.

Like most of the sffvants of his epoch, he was favorable to the ideas which

have become the basis of modern society ; but he remained a stranger to the

excesses which imbrued the Revolution in blood. Perhaps, indeed, his caustic

turn had not wholly spared its authors ; certain it is, that, during the violence of

the storm, he was forced to hide himself. It was one of the most happy inci-

dents of his life ; for, in the retreat Avhich he found in Paris itself, he formed the

acquaintance of a young and engaging female, Marguerite-Claudinc Couhin,.

whom he espoused shortly afterwards, and who constituted his happiness during.

40 years. Much j'ounger than her husband, she bore no inefficient ])art in his

great labors by the tranquillity, the assiduous attentions, the watchful solicitude,.

with which she environed him, proving herself, in all circumstances, a model of

discretion, grace, and amiability.

The revolutionary turbulence, however, had itself never interrupted the

labors of M. Legendre. In the year II of the republic, towards the end of
1793, he published a new memoir on elliptical transcendents, forming a quarto.

* la his work, entitled Theoria motus corpurum celestium, M. Gauss expresses himself

with respect to this in the following manner : "This principle, which we have employed'

since the year 1795, has been lately given by M. Legendre in his Noiivclles Mtthodcs pour la

determination des orbitcs dts coiueie.s : Paris, 18U(). There will be found in that work several

consequences which the desire of being brief induces us to omit." (St^e the work enti-

tled Mithodes dcs iiioindres carres. Mt-iiioircs sur Id combination dcs obscreatiuns, by M. Ch.
F. Gauss, translated into French and published with authority of the author by M. J..

Bertrand, 1H55, p. 133.)

10 S
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volume of more than 100 pages; hut in the quietude of liis licappy retreat ho
had turned his thoughts to other subjects. The former professor of mathematics
in the military school began anew to occupy himself with the Elements of

Gcomdrij. The first edition of his work under this title, a work written with
elegant simplicity, and in which all the propositions are disposed in a natm'al

and methodical order, appeared in 1794. The author, modelling himself upon
Euclid, remands the science to the severity of the Greek school. In this,

without perhaps designing it, ho accommodated himself to the spirit of his epoch.
Architecture, abandoning the distorted forms of the reign of Louis XV, was
returning, more and more, to the elegant simplicity of the Greek style. A few
years previous our great painter, David, had inaugurated, l)y his picture of the

Homtli, a con:iplete revolution in painting, whichj after his example, reverted

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 the last has under-

gone a large number of impressions : more than 100,000 copies of it have been
sold in France alone. Legendre's Elements of Geometrij have l)een reproduced
in the princij)al languages of Europe, and have been even translated into Arabic
for the schools established in Egypt by the viceroy, ]\Iehemet-Aii.

The author, prepossessed with the method of Euclid, has perhaps somewhat
unduly availed himself of the reditcfio ad cibsurdum, which might often be
replaced by more facile demonstrations ; but his work has served to excite a
sort of vigorous intellectual gymnastics by which mathematical studies have
been invigorated, and its influence has been undoubtedly salutar}'. Among other

things, M. Legendre here demonstrates, in a novel manner, the equality of vol-

ume of two symmetrical polyhedrons formed of equal plane faces, adjusted

under the same angles, but with an inverse arrangement which does not admit
of their being superposed. The first editions did not contain the excellent trea-

tise on trigonometry which the author has added to subse(pient ones. He has
also enriched these with notes, in which he treats analytically certain parts of

geometry on a new system, as where he demonstrates that the ratios of the

circumference to the diameter and to its square are irrational numbers.
The ratio of the circumference to the diameter, being an irrational number, is

not susceptible of iK'ing exactly expressed by any fraction, however great the

whole numbers which form the numerator and denominator. Hence results the

impossihility of ever finding the quadrature of the circle, and it was in conse-

quence of a proposition of M. Legendre, based on this demonstrated impossi-

bility, that the Academy renounced all further attention to a problem, the

importance of which is in some sort axiomatic among persons little versed in

matliematics.

But whatever might be the success of his Elements, M. Legendre did not

question the feasibility of using other methods with success, and himself con-

tributed, in 1802, to the publication of a new edition of Clairaut's Elements of

Geometry, to which he added notes derived probably from his memoranda of the

military school. Geometry is further indebted to him for a method, directly

demonstrated by himself, of inscribing in the circle a regular polygon of 17

sddes. Algebra, properly so called, owes to him, among other things, two
different methods for the solution of numerical equations, methods which make
known with much rapidity all the roots, whether real or imaginary, of those

equations.

So highly was M. Legendre appreciated as a skillful calculator, that rarely was
any great series of numerical operations undertaken in France without recourse

being had to his services. In 1787 he had been called to take part in the com-
mission charged with connecting trigonometrically Dunkirk and Greenwich.

For the same reason M. de Prony, placed in the j^ear II (1794) at the head of the

cadastre, (registry of the survey of lands,) did not deem it expedient to dispense

with his services. The decimal division of the circle, then regarded as a neces-
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sary complement of the metrical system, required new trigonometrical tables.

M. (le Prony caused them to be constructed, with incredible celerity, by means
ot the division of labor and bj^ processes wholly new, which admitted of the

emploN'ment of arithmeticians of even the most indifferent qualifications. The
work was prepared by a section of analysts, over which presided M. Legendre,

who contributed greatly to facilitate the operation by devising new and ingen-

ious formulas for determining the successive differences of the sinus. For tlie

other sections it only remained to make the additions. Tlie labors of this

board of calculation produced two copies of tables entirely independent one of

the other, and affording, b}^ their identity, a mutual verification. Tliis mona-
meut of labor and skill, the most vast of its kind which has ever been executed

or even conceived, has no other defect, said M. Delambre, but its vcr>/ immen-

sity/, which has so long delayed its publication.

When the revolutionary tempest had begun to subside, one of the first cares

of government was to reorganize public instruction ; but M. 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 Avas he 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 their 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 August, 1793, the National Institute, of which the first class

represented that academy, was estalilished by a law of the 5 fructidor, year III,

(22d August, 1795,) and was organized by a second law of the 3 brumaire, year

IV, (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 IMM. Lagrange and Laplace. Two other members, MM.
Borda and Bossut, were elected in the meeting of the 9tli of December, and the

section, which was to be composed of six members, was completed on the 13th

of the same month by the election of MM. Legendre and Delambre. In this

list M. Bossut appeared by just title for his labors in hydraulics ; ]\IM. Borda
and Delambre were included with not less right for their important services in

relation to geodesy, to measures of precision and astronomical calculations
;

MM. Lagrange, Laplace and Legendre were essentially the representatives of

the higher analysis, and occupied during life the foremost place among the geom-
eters of the 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 them.

In 1805 M. Legendre published new methods for the determination of the

orbits of comets, to which he added, in 1806 and 1820, two supplements; in

the latter stages of life he had collected the most recent observations on comets
of short periods, in the design of still further applying and improving his pro-

cesses of calculation. Previous to the publication of his two first memoirs in

1805 and 1806, the question had, in his opinion, been always treated in an
imperfect manner and merely by approximations. He considered himself as

having first indicated two certain modes of aniving at a solution, at once the

most simple and exact, namely, the method of indeterminate corrections, pro-

posed by him as early as 1787, but the applications of which had been few in

number, and the mctJ/od of least squares, which then appeared for the first time.

Nevertheless, this analytic perfection, to which the author sought to add as often

as he retouched his forniuhis, has seemed to astronomeis to be more than couu-
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tcrbalanced by the length of the calculations and by other inconveniences.

They prefer employiiig the methods of Olbers and Gauss, which, while giving

perhaps a less certain approximation, fnrnish it in all cases more rapidly. In

1S06 j\I. Legendre further published, in the memoirs of the Institute, a new
formuhx for reducing to true distances the apparent distances from the moon to

the sun or to a star.* Its object was to simplify and accelerate the labors of

practical astronomers.

These last publications were in some sort excursions made by the indefatiga-

ble author beyond the habitual sphere of his researches, and, seeing with what

promptness and iacility iM. Legendre thus passed from one subject to another, it

might be thought that he was completely at liV>ei1y in the employment of his

time. He found means, however, in the midst of his purely scientific labors, to

reconcile with the duties of the academician those of several important functions.

Some time after the creation of the Polytechnic School, the former laureate of

the balistic competition was appointed examiner in mathematics for the graduat-

ing students destined for the artillery, and he continued to fulfil these honorable

and delicate functions till 1815, when he voluntarily withdrew and was replaced

by M. de Prony. From the creation of the university, in 1808, M. Legendre

was of its council. At the death of Lagrange, in 1812, he was chosen to suc-

ceed him at the bureau of longitudes, in quality of geometer. He thus took

his place by the side of M. de Laplace, whom he had replaced in 1783, as adjunct

member of the Academy of Sciences, when the illustrious author of the Mechan-
iijue Celeste became an associate member. Thus, at an interval of 29 3'ears, and
under circumstances assuredly very ditferent, no one was found in France who,

by his scientific merit, could more naturally be called than M. Legendre to

replace M; de Laplace or M. de Lagrange. Tliat he owed to his merit alone a

choice so honorable for himself and those who made it, may be gathered from

a slight anecdote wdiich is related of him. Having, from the creation of the

legion of honor, been inscribed in the number of its chevaliers, though he failed

not to record this testimony to his merit in the title-page of his works, his

natm-al modesty, we are told, long prevented him from attaching the red riband

to his button-hole. M. Legendre continued, moreover, as has been ah-eady said,

to form part of the commission of weights and measures as long as it existed,

and more than once was a member of other commissions charged with objects of

importance.

Yet independently of these numerous occupations and varied labors, all

impressed with a peculiar character of vigor and precision, by which he bore a

large part in the scientific movement of his epoch, M. Legendre had besides cer-

tain household gods, to w'hich he sacrificed with ever renewed pleasure in the

silence of his closet. I mean the theonj of numhcrs and the elliptical functions.

To these he consecrated, during the latter 50 years of his life, all the leisure left

him by his daily occupations and more conspicuous labors. He has thus reared

two monuments which, by their extent, represent, no doubt, the better part of

his time, and which, though having had few readers and capable of having but

very few judges, will prove, perhaps, in the eye of posterity, two of his princi-

pal titles to renown.
The Theory of numbers appeared in 1830, in two quarto volumes, after being

preceded at divers intervals by preliminary publications. M. Legendre says, in

the advertisement

:

The 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 coul<] avail

himself, it has been thought proper to give it definitively the title of Theory of numbers, ia

place of that of an Essay on the subject which it has heretofore borne.

The Essay on the theory of numbers had passed through two editions, one iu

1798, the other in 1808 ; this last had been followed by two supplements. The

*M6moires, de V Institute, t, VI, (printed January, 180G,) p. 30.



MEMOIR OF LEGENNRE. 149

Essay liad itself been preceded b}' a considerable v.'ork published in tlic Memoirs
of the Academy for 178o, and entitled liccJwrchcs (rcoialysc indctcnnince ; wliicli

relates principally to tlie study of the properties of numbers. In fine, we learn

from the manuscri})t proceedings of the Academy, before cited, that, among- the

memoirs which M. de Laplace, in the session of March 15, 1783, indicated as

having been presented by M. Legendre, occur two memoirs on the resolution of

indeterminate equations of the second degree and on the properties of continual

fi-actions, and a memoir on the summation of these fractions. Now, from the

objects of which they treat, and indeed from the titles alone, these memoirs bear

a very natm^al relation to certain paragraphs of the great memoir of ITSo.

They were probably the first rudiments of it. Hence we see that M. Legendre
had been occupied with the theory of numbers from his youth. He had labored

upon it for more than 50 years. Yet he concludes the 'advertisement of the

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, the author has thought that it would be
better to leave them in this state of imperfection than to suppress them altoc^ether ; they will

ofifer a subject of iuvestijjation to those who may be disposed in the future to occupy them-
selves with the advancement of the science.

This part of the science has received in effect, since the publication of the

Tlieory of numbers, important accessions ; but if we compare the contents of this

learned work with what had been discovered during the 2,000 years which
preceded 1785, we shall see that no savant has marked his passage in this

branch of mathematics by traces in any degree comparable to these efforts of

M. 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 and
Diophantes among the ancients, as Viete, Bachet, Fermat, Euler, and Lagrange
among the moderns, should not all at once have been carried to a point which
comported with no further progress. It behooves us, on the contrary, candidly

to avow that M. Legendre, in speaking of new developments which still awaited

it, gave proof of perspicuity almost as much as of modesty.

The science of numbers is difficult, and it is above all difficult to convey an
idea of it to persons whose attention has never been occupied with it. Every
one knows that numbers are distinguished into two great classes : even and odd
numbers, which alternately succeed one another. The even numbers are divisible

by 2, while the odd numbers are not, though they have often other divisors.

Whole numbers differ much from one another in the possibility of being divided

by other and smaller integers. It has been long ago remarked that the number
10, the basis of our decimal system, has but two divisors, 2 and 5, the last; of

which is not subdivisible, while the number 8 has two divisors, 2 and 4, of which
the last is further subdivisible l\v 2, and the numl)er 12 has three divisors, 2,

3, and 4, the last of which is again subdivisible by 2; whence it follows that

the number 8 and especially the number 12 have, as the basis of a system of

measm'es susceptible of being successively subdivided, an incontestable suj)e-

riority over the number 10. This inferiority of the latter number is one of the

obstacles to the general adoption of the decimal system of weights and measures,

which presents in other respects such great advantages.
But the number 10 is more favored in this regard than the number 9, divisible

only by 3, of which it is the square. It is still more so than the numbers 3, 5,

7, 11, 13, 17, which have no divisors, or, to speak the language of science, have
no other divisors but themselves and unity. Number 7, which enumerates the

seven days of the week, the seven wonders of the world, tho seven sages of

Greece, passes for possessing a certain degree of excellence ; but number 13, as

well as 17, is looked upon as inauspicious, by reason, it may be, of this absence
of divisors which renders both numbers refractory. All those numbers which
have no other divisors but themselves and nnity, arc called xnime numbers.
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There are prime numbers of all magnitudes ; but when the numbers are some-

what great it is not easy to discover immediately whether they are prime or not.

The prime numl»ers are distributed among the odd numbers with an apparent

irregularity which is yet subject to certain laws. The search for them, the deter-

mination of the quantities of them which exist in a given interval of the numeric

scale, form one of the objects of the theory of numbers.

Numbers may be ranged by series in each of which maybe remarked the con-

stant existence of certain properties ; such are the triangular numbers 1, 3, 6, 10,

15, &c., each expressing a number of units which may be aiTanged triangularly

;

the quadratic numbers 1, 4, 9, 16, 25, which in the same way conx'spond to the

squai'e
;
polygonal numbers, pyramidal, &c. ; and these series give rise to com-

binations more 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, are the sum of two
squares ; others again, like 17 for example, are the sum of three squares. Lagrange
and Euler have proved that there is no number u-JiicJi is not the sum of four or

of a less number of squares*

These properties and man}- 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 ^\•hich are often very difficult and provoke a

lively interest. The final conclusion evades detection so much the longer from

the circumstance that frequently there 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 certain properties of numV)crs which come to light unexpectedly in their

combinations, and which, presenting something enigmatical and surprising, have
been often held to pertain to the mysterious. Hence the virtues which necro-

mancers have pretended 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 M. 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 ])assion, as happens (he adds) to almost all those who are occupied

with it ;" and it is clear that M. Legendre himself formed no exception to this

remark.

The first researches of M. Legendre 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 particularly the

theorem of reeiprocitii, known likewise under the name of the law of Lefjendre,

one of the most fertile laws of the theory of numbers.

This theorem, more readily expressed in algebraic than ordinary language,t

"Legendre, Theorie des Numbres, t. I, p. 211.

t The following are the terms in which M. Legendre enunciates, in the Tlieorie dcs Nom-
bres, I, 2:j0, the theorem in question :

"J
VI. Theorem containing n law of reciprocity icJiich

exists between any tico prime numbers wfiatever. (IGG.) We have seeft (No. 135) that it in

and n be any two prime numbers, odd and unequal, the abridged expressions ( y ) \m}

represent, one the remainder m —^— the other the remainder n —^— divided by m. At

the same time it has been proved that one and the other remainder can never be other than

-f-1 and— 1. This being so, there exists such a relation between the two remainders

I- j and I - I that one being known, the other is immediately determined. The following

is the general theorem which contains this relation :

Whatever be the prime numbers m and «, if they are not both of the form, 4 x-|-3, we

shall always have l-j==i^ i and if they are both of the form 4x-{-3, we shall have

I - j
=— I- j These two cases are comprised in the formula

(n\ / \ m— ' 11—

'

hn \

m) — \—^) » • ^ • \n.)
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consists in this : two prime numbers m and ;* being given, if m bo raised to tlie

power n minus I di\ided b}' 2 and the result be divided by n, then n to tho
power m minus 1 divided by 2, and the result be divided by 9», the 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

determinate cases ; a result which has found and continues to find numerous
applications in researches relating to the properties of numbers.
M. Legcndre, in reproducing, in successive editions of the Theory of Numbers,

the demonstration of this theorem as he had given it in 1785, discovered that in a
detei'minate case it presents a lacuna, without tlie theorem itself having been ever
found in default, M. Gauss, who, b}' his D/sqxisitiones Ar'dlimeticcc, published
in 1801, had placed himself in the first rank of the savants who have dealt

with the theory of numbers, gave a demonstration of the theorem of reciprocity

which left nothing further to be desired. ]\[. 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 same time gave
another yet more simple, proposed by M. Jacobi. Still later, M. Lionville and
other eminent geometers have given other demonstrations of the same law. The
exactness of the laiv of Legendre m therefore more than sufficiently demonstrated;
but here the inventor has left to those who have followed him the privilege of

compJet'wg his discovery.

This circumstance recalls, somewhat remotely, the fate of the remarkable
theorems on numbers which Fermat left without demonstration ; all, with tho

exception of a single one, have been demonstrated within a century and a half

after the death of their author, by Euler, Lagrange, and Legendre; this one, the

last theorem of Fermat, without having ever been found in default, still awaits

a demonstration, though the Academy has, in late years, several times proposed
it as the subject of a prize to the emulation of geometers.

But if M. Legendre took delight, like Euler, in the combinations, so arduous
in appearance, of the theory of numbers, like Euler, he excelled also in the
research of the integrals of differential quantities, a research which is itself not
directed by any certain rule, and in which the impurer is conducted to the result

only by a certain intuitive prevision of the combinations and reductions which
will be available in the formulas and figures. The finest integrals appear often

to have been found by hazard : but these are hazards, as M. Legendre said in

speaking of Euler, tvhicli never oecur to any hut those wlio know how to create

them. This remark, insufficient doubtless to make us comprehend how a differ-

ential expression is integrated, will enable us perhaps to conceive how the mind
may be stimulated to this pursuit, as to that of the properties of nmiibers, and
how these two kinds of research, which seem to call into play analogous facul-

ties, were the two dominant passions of Euler and Legendre.
A diiFercntial quantity given by a problem of geometry, mechanics, or physics,

docs not always coiTCspond to an analytic expression existing in the science, and,
in order not to leave certain problems without solution, it becomes an object to

enrich analysis with new functions. After having exhausted expressions purely
algeln-aic, we succeed in integrating a great inuabor of differentials by means of

arcs of the circle and of logarithms which are the most simple of transcendent
quantities; but, in order to extend still further tlie applications of the integral

calculus, it was necessary to have recourse to transcendents of a more composite
order.

Euler thought that instead of being limited to the circle, other curves of tho
second degree, especially the ellipsis and hyperbola, might be considered, and that

tables analogous to the tables of logarithms and to those of circular functions

might be drawn up in reference to them. By one of those hapjiy coml)inations,

which seem almost fortuitous, he found under a purely algebraic form the com-
plete integral of a differential equation composed of two separate but similar
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terms, eacli of wliicli is only intcgrahle l>y arcs of conic sections. This important

discovery led the illustrious geometer to compare, in a manner more general than
had been done before, not only the arcs of the same ellipsis or the same h^'per-

bola, but in general all the transcendents of which the differential approximates

to those of these two curves, in presenting, like them, a rational algebraic func-

tion of the variable divided by the square root of an algebraic polynome of the

fourth degree.* One of the results of this comparison was, that the integration

by arcs of the hyperbola may always be reduced to integration by arcs of the

ellipsis.

From this time Euler foresaw that by means of a suitable nota^tion the cal-

culation of arcs of the ellipsis and other analogous transcendents might become
of almost as general use as that of ai'cs of the circle and of logarithms ; but, with

the exception of the English geometer Landen, who demonstrated, in a memoir
of 1775, that ercr>/ arc of the Jii/pcrbola is immcdiaMij rcdijicd liij means of two

arcs of the ellipsis,] no one but M. Lcgendre recognized the importance of real-

izing the prevision of Euler ; and it may bo said that our learned colleague alone

occupied himself with this subject from the year 1786, when he published his

first researches on integrations by arcs of the ellipsis, until the year 1825, when
Ins Treatise of Ellip'ic Functions appeared.

Arcs of tlie ellipsis, being after arcs of the circle and logarithms one of the

most simple transcendents, might become in some sort a new instrument of cal-

culation, if we were once fomiliarized with their properties and possessed ready

means of calculating them with precision. M. Legendre applied himself to this

important subject in two memoirs inserted in the volume of the Academy of

Sciences for 1786. In both of them the author demonstrates, by means pecu-

liar to himself, that the rectilication of the hyberbola depends on that of the

ellipsis and presents no special transcendent, and in the second he shows that in

an infinite series of ellipses formed after the same law we can reduce the rectifica-

tion of one of these ellipses to that of two others taken at choice in the same
series. This, ho says with characteristic modesty, is one step more in a difiicult

path.

In the first memoir M. Legendre gives convergent series adapted for the easy

calculation of the length of an arc of an ellipsis, whether in the case in which
the elipsis but slightly eccentric approximates to a circle, or in that when,
greatly elongated, it recedes but little from its greater axis ; and in the second

he adds:

If the zeal of calculators could furnish us with tables of arcs of the ellipsis^ for different

degrees of amplitude and eccentricity, and each arc were accompanied by the coefSeieut of

its partial difference, we should have the means of integrating by tbese tables a very large

number of diBerentials, and especially all those which MM. d'Alembert and Euler have
referred to the arcs of conic sections.

M. Legendre had then attained the age of 34 years ; he knew not that it

would be permitted him to labor till that of 80 years, and that unassisted he

would himself accomplish the task of which he here traces the programme.
In the course of these two memoirs, and particularly towards the end of the

second, he indvdges himself in a just tribute of praise to the learned geometers

(Euler, Landen, and Fagnani) who, bef(n-e himself, had demonstrated, in a differ-

* R being a radical of the form in question and P a rational algebraic function, all these

/P ^/x—
TT--—Legendre, Memoirc sur Us Transccnd-

antcs elliptiques, p. 4.

t Landen published his researches in the Philosophical Transactions, and still later in a

special work entitled, Mathematical Memoirs Respecting a Variety of Subjects, by John Lan-
den, F. K. S. : London, 1780.

t See the volume of the Academy of Sciences for 178G, pp. 618 and 644.
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ent manner, a part of the theorems with which they arc filled to profusion.*

But, iu the publications of 178G, remarkable as they were, these ricli materials

hardly yet formed a completed edifice, and IM. Legendre was not long' in per-

ceiv'ing that this subject, and in general the theory of transcendents whose differ-

ential enters into the form above indicated, required to be treated in a manner
more methodical and thorough. This he undertook to do in a Mcmoire siir les

franscenclcnfcs -cUiptiqucs, read by him to the Academy of Sciences in April,

1792, and published towards the end of 1793, in which he proposed to compare
among themselves all the transcendents in question, to class them according to

their different kinds,, to reduce each of them to the most simple fonn of which
it is susceptible, to estimate their value by approximations the most prompt and
facile ; and, in fine, to form from the collective theory a sort of algorithm which
should serve to extend the domain of analysis.!

Taking, in its most general algebraic form, the differential already indicated

as a point of departure for this kind of researches, he analyzes it with extraor-

dinary address, lays aside all the parts which are integrable, whether ])y arcs of

the circle or logarithms, and thus reduces it to its quintessence ; that is to say,

to the parts whose integrals are transcendents of a superior order. Then, trans-

forming this remainder by means of circular functions, he reduces it to a form

of wonderful simplicity, containing but five quantities :| an arc of the circle

designated by the name of antplitudc, null at the point where the integral com-
mences, and developing itself in proportion as that is extended; a modnhis
always real and smaller than the nnit, which, in the case when an ellipsis is in

question, represents its eccentricit}^ ; ?i parameter of any magnitude, positive or

negative, capable of being reduced to zero, but to Avhich it would be useless to

attribute imaginary values ; lastly, two coefficients whoso values, independent

of all the rest, may be anything, provided they be not null simultaneously.

The amplitude is the variable in relation to which the integration is made ; it

is null only at the point of departure from the integral. The modulus cannot

be null without the expression being completely altered in its nature, but the

three other quantities may be null independently of one another, or fulfil in

their relations of magnitude certain conditions according to which elliptic tran-

scendents are divided into three classes.

The second class is the only one which represents arcs of tlie ellipsis. The
first class is a transcendent more simple than arcs of the ellipsis; it may itself

be expressed by means of such arcs, but an arc of the ellipsis cannot be
expressed ]>y transcendents of this first class. The third class, on the contrary,

the only one in which the parameter is not null, is more composite than arcs of

the ellipsis.

The gradation which exists in the complexity of these three classes of tran-

scendents is manifested especially by this circumstance, that transcendents of

the first species may be joined with one another, by addition and subtraction,

so as to form a sum constantly null. Transcendents of the second species may
unite in like manner, so as to form a sum whose value is expressed in terms

* " I shall not conclude this article," (XVI of the memoir,) sa^^s M. Legendre, "without
piving notice that the greater part of the propositions contained therein liave been discovered

by M. Euler, and published in the 7th volume of the Nouveoux Mimoins de I'etcrsbourg

and iu some otlier works, a fact of which I was ignorant when I was engaged iu these
researches. But the diSerence of the methods may throw new light on this subject, and
moreover the comparison of the arcs of diflferent ellipses, which is discussed iu article XIII,
has not, as far as I am aware, beau before treated of by anyone."

—

Mem. I'Acad, des Scien-
ces, 1786, p. 076.

t Legendre, Tlieorie dcs fonctions elliptiques, Introduction, p. 3.

t For this he employs the following expression

:

. *A -{- B sin -6 d 6
II = '/ -̂f n siu -9 ^ i_ci sin *^

-Memoircs sur Ics transccndanles illiptiqucs, p. 17.

L 2
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pnrel}'^ algebraic, like the celebrated integral of Euler, before refon'ecl to.

I^astly, transcendents of tlie third species may also be united to form a snni of

v.hicli the valne, without being null or even algebraic, is notwithstanding of a
more sim])le uatni'e than each of the former in itself; for it raa^' be expressed

by arcs of the circle and logarithms, which are the most simple of transcendents.

These differences, and several others which exist between the three species of

elliptical transcendents, suffice to vindicate the division established by M. Legen-
dre ; but, at the same time, tliey do not prevent our perceiving a profound anal-

ogy between all these transcendents which justifies their union under the same
denomination. The first and second species may be expressed by arcs of the

ellipsis; the third is the most compounded, but it has so much analogy with the

two others that all three may be regarded as forming but one and the same
order of transcendents, the first after arcs of the circle and logarithms. As JM.

Legendre elsewhere says, '' the denomination of elliptic function is improper in

some respects ; but we 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. Legendre resumed these questions with several others in a great work in

three quarto volumes, which he published in 1811, 1816, and 1817, under the

title of Exercises cle caleul integral sur divers orders de trunscendantes et sur

les quadratures. In this work, part of which was devoted to two classes of

definite integrals, to which the author has given the name of integrales eulc-

rienneSj he occupied himself also with a great number of questions about the inte-

gral calculus, into the details of which it would be difficult here to enter; but the

most extensive and in his eyes the most important part was that which treats of

elUptic functions, of their application to different problems of geometry and
mechanics, and the tables necessary for the use of those functions. Finally, in

1825 and 18:26, he combined anew all his results, with the developments and
improvements which incessant labor had enalded him to supply, in a work
entitled Theorie des functions eUiptiques. This first appeared in two volumes,

followed at a later period by three supplements, which constitute the third and
last volume.

Among the improvements which IM. Legendre bestowed on his previous labors

when he published them anew in 1825, one of the principal was the discovery

of a second scale of modules, different irom that which alone was known at the

time of the publication of the exercises on the integral calculus. '' This second

scale," as he remarks in the 31st chapter of the first volume, " completed in

many respects the labors of the author upon this theory ; it afforded an easy

method of arriving at many striking results of analysis which till then it had
been imi>racticable to demonstrate except by very laborious integrations. By
the combination of the two scales the transformations of functions of the first

species could be prodigiously multiplied ; this the author has made evident by
constructing a sort of tessellated talde {damicr) infinite in its two dimensions,

all the divisions of which might be filled l)y the different transformations of

which one and the same function is susceptible."

The dev(dopment of the properties and uses of elliptical functions, consid-

ered with this generality, composed the whole first volume of the publication of

1825. The second was devoted, in part, to tables intended to facilitate the

conversion of the integrals obtained into numerals. Calcidated by the author

himself with the greatest precision, these tables constituted in themselves an

immense labor. '' By means of them," said M. Legendre, "the theory of elliptical

functions, enlarged and nearly completed by many successive labors, might be

ap})lied with almost as much facility as those of circular and logarithmic func-

tions, answerably to the wishes and hopes of Euler."

After the developments which the theory of elliptical functions had received

by the discovery of the second scale of modules, further progress seemed scarcely
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provable; but the fecundity of the nietliods created ))y M. Legondre was sucli

that results wliicli he had hardly ventured to anticipate were very soon realized,

and I abridg'e, in transcribing', the terms in which he speaks of this event in the

advertisement of the third volume :

A yonusf geometer, M. Jacobi, of Kcenis^sberg:, who could have hatl no knowledf^o of

the treatise of elliptical fuuctious, had succeeded, by his own etibrts, in discovering uot only the

secoud scale of which we have beeu speakiug, which is relevant to the number ;5, but a third

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 rational

number may be formed a particular scale of modules, which will give rise to an inlinitude

of transformations of any one function of the first species, which transformations will be all

determinable algebraically. * * * The hopes inspired by the first successes of M. Jacobi

have beeu since justified by new publications. * * * It remains for me (says M.
Legendre in coutinuatiou) to speak of the admirable researches on the same subject which
M. Abel, a rival worthy of M. Jacobi, has published nearly at the same time. The first

memoir of M. Abel forms in itself an almost complete theory of elliptical functions considered

under the most general point of view. * * * A second memoir of his presents very

remarkable results : First, on the division of the particular function of which the modtilns is

sin. 45^, and which represents arcs of the lemuiscate; secondly, on the general transformation

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 (says 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 applause discoveries so greatly promoting that

branch of analysis of which he may claim to be in some sort the founder. Hence has originated

the design of enriching his own work with a part of these new discoveries, while presenting

them under a point of view at once the most simple and most conformed to his own ideas.

Such is the object of the two supplements which follow, and of those which, in the sequel,

he may unite with them in order to form the third volume of his treatise.

Rarely has such sincere and emphatic recognition been extended to disciples

worthy from the outset of being- counted as rivals; but M. Legeudi-e still fnrther

enhanced this recognition by the unaffected and spontaneous warmth with which

the paternal tenderness naturally felt for a theory created by himself, and developed

during more than 40 years by his single efforts,was reflected on his young c^mipetitors.

Persons who, at that epoch, attended the sessions of the Academy will not have

forgotten the artless efiusion of feeling with which M. Legendre hastened to

communicate to his colleagues the first letters received on a subject so interesting

for science and for himself. It might be said that the elliptic functions did no

less honor to the nobility of his sentiments than the profundity of his genius.

These first impressions were not modified by subsequent reflection, and M.
Legendre conchules with the following paragraph the third supplement to the

Thcorie dcs fondions clliptlqiies, by which that vast labor is closed:

We shall here terminate the additions which we have proposed to make to our workby
taking advantage of the recent discoveries of MM. Abel and Jacobi in the theory of elliptical

functions. It will be remarked that the most important of these additions consists in the

new branch of analysis which we have deduced from the theorem of iSI. Abel, and which
had remained until now wholly unknown to geometers. This branch of analysis to which
we have given the name of theory of ultra-dl ijitic functions 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 that it will eventually prove one of the

most efficient parts of the analysis of transcendents.

These lines, dated March 4, 1832, maybe regarded as in some sort the scien-

'tific testament of M. Legendre, who died within a year thereafter. M. Abel, in

whom he reposed such high hopes, had descended to the tomb several years

before him; M, Jacobi followed in 1849; but the anticipations of M. Legendre

have not the less been realized, as well by the labors of M. Jacobi himself as

by those of our learned colleagues, MM. Liouville tmd llermilc, and other distin-

guished geometers.
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I might still furtlier speak of important labors publislied by M. Legendre on

tlie integrals, styled by liim culeriun, from the name of Euler, wlio bad first

occupied himself with them, labors which occupy a large space in his exercises

on the integral calculus, and wliich he partially introduced, while he improved

on them, in the second volume of liis theory of elliptical functions. I might also

show how, parallel with the employment of cUiptic transcendents, he opened the

way to the numerical realization of a vast class of integrals by the tables which

he has given for calculating the new transcendent, designated by him under the

iiame of the function grand gamma ; l)ut although M. Biuet has shown that the

labors accessory to those which M. Legendre has given to the public on these

subjects alone, would constitute no inconsiderable title for a distinguished

geometer, I should fear to wearj^ the attention of my auditors by dwelling at

greater length on topics of this nature.

Like Euler, his model, and like many other great geometers who preceded

him, M. Legendre prosecuted his labors to the last without having to regret any
enfeeblement of his faculties; the volume of our memoirs, which immediately

preceded his death, contains one of his studies upon a difhcult question of the

theor}^ of numbers. He was then 80 years of age.

So vigorous an organization could scarcely be broken up without great suffer-

ing. Tiie malady which terminated the life of our colleague was long and

painful, but he endm-ed it with firmness, without indulging any illusion as to its

fatal issue, and with a resignation which, as was said by M. Poisson at his grave,

must have been rendered difficult by the happiness of liis home, the tenderness

and fond solicitude which there suiTounded him. Always characterized by a

spirit of self-renunciation, he had often expressed the wish that in speaking of him no
mention should be made except of his labors; but" the same silence is not imposed

on us as regards the noble actions which the faithful companion of his life, the

depositary of his thoughts and purjwses, continued to perform in his name after

his death.

M. Legendre had not forgotten what, in his youth, he had owed to the learned

and estimable men who had divined and fostered his talents. ^ladame Legendre

continued to testify the interest which her husband had exhibiteil towards pupils

of the Polytechnic school, who happened to be scantily endowed with the gifts

of fortune, and paid in succession the charges of several of them. Having
become possessor of the last editions of those works which M. Legendre had
printed at his own expense, she distributed them liberally, in order that they

might more promptly subserve the advancement of science ; and the year before

her decease she presented, through the Bureau of public instruction, 40 copies

of the Theory of elliptical functions to the principal libraries of France, a

donation for which thanks were addressed to her by the worth}' minister M.
Fortoul, in the name of the state. At her own death, in 1856, she devised to

the commune of Auteuil, for a vicarage and school, the country house in which

she had last lived with M. Legendre.

Full of devotion and admiration for the memory of one whose name it had
been her happiness and pride to bear for 64 years, she preserved to her last day
an unaftVcted and religious respect for all that had pertained to him. The
survivor of M. Legendre for 25 3'ears, she died at a somewhat more advanced

age than he, from the eftects of a long and cruel malady, against which she

exerted the force and resignation of wiiich he had given her the noble example.

She had lost all her lamily, allied to that of our celebrated painter llobert Leievre,

and having never had children, she expired at the age of 82, surrounded by the

pious care of persons wliom the graces of her mind and her constant amiability

habitually assembled around her, and ^ho have preserved for her memory a

filial attachment. With her, comjjletely disappeared a name in which France

will never cease to pride itself.

Lagrcange was the reformer of analysis. By rendering more evident some of
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the bases of that science, ho has confeiTed upon it greater force, at the same time

that by his immortal discoveries he has extended its domain. One of our greatest

geometers has dwelt with admiration on the perfection of his analytical style.*

C'lear and smooth as the verses of Racine, the formulas of Lagrange have aug-

mented the number of the adepts of science, while they have facilitated their

labors. Laplace, in applying to the laws of the universe the faculties of a

geometer of the first order, advances a claim to be considered as the lawgiver

of the celestial movements. By his vast acquisitions in the empire of nature, he

lias earned a title to be styled the Newton of France.f Legendre, more pro-

found than popular, was our Euler; like Enler and after his example, he has

bequeathed to the future a multitude of those analytical results which genius

alone knows how to obtain, and which enrich in perpetuity the domain of the

human intellect.

ClaimuU, cVAJembcrt, Eider were the continuers of Newton and Leibnitz.

After them, Lagrange, Laplace, Legendre have held with a gi-asp not less finn

the sceptre of mathematics. The Academy may be congTatulated that it has

counted in its ranks and can still count at the present day more than one suc-

cessor of these great men.

* In his Elogc of Laplace, pronounced June 15, 1829, before the Academy, where M.
Legendre still occupied a seat, M. Fourier took occasion to make some interesting remarks
on the discoveries of Lagrange and the character of his works. The following words occur

:

"All his mathematical compositions are remarkable for a singular elegance, for the sym-
metry of forms and the generality of methods, and, if we may so say, for the perfection of

the analytic style." (M^m. de I'Acad, des Sciences, t. x, p. 6, 1830.)

t It was M. Cuvier who, in one of his academic discourses, conferred on him this proud
qualification.
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By his son, F. A. Peltier.

fXKAN'SLATED FOR 'IHE SMITHSONIAN INSTITUTION EY M. L.WOOD.)

[Tlic following" sketch of the life and labors of Peltier by liis son, tbongli

perhaps warml}- colored by filial partiality, scarcely does justice to his character.

He possessed in an eminent degree the mental characteristics necessar}' for a suc-

cessful scientific discoverer ; an imagination always active in 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 devis-

ing apparatus and other means b}' which the test could be a])plied ; and, finally,

a moral constitution which sought only the discovery of truth, and could alone

1)e 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 sliould have in some cases presented to the world

the results of his investigations in a form little favoralile to their proper appre-

ciation ; or that, considering his antecedents, the savants of France shoidd 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 contriliutions 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 Ilam, in the department of

Somme, the 22d of Fe])ruary, 17So. His parents were poor, his father folhnv-

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 firmness and capacity, and his mother an active and industrious

Avoman.

Peltier inherited the qualities of his parents, evincing at an early age a quick

inteHigence, 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 was first sent to school to the schoolmaster of the place, who most proba-

bly only taught him to read and write, he himself not knowing much beyond
tliat. He was afterwards placed under the care of a vicar, who took him i'ur 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 he took a clock to pieces, cleaned it, and put it together again.

At this period also, he gave evidence of that sj>irit of observation wliich never

left him. One evening he was on the promenade of the town, earnestly regard-

ing the heavens ; seveial shooting stars appearing, he followed them with his

eyes with intense interest, not doubting- even then that some day he sliould

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 clockuiaking ; to which end he placed him in
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apprcnticcsliip to a Gcnnan named Brown, wlio liad Leen taken pl•i^^one^ at tbo

time of the first campaigns of the repnhlic, and had subsequently estahlisLed

himself at Saint Quentin. In character he was brutal and passionate, and the

young apjirentice 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 ; tho

moment of tlie glorious campaign of Moreau into Germany, and tlie second con-

([ucst of Italy ; and the year of Marengo and Ilohcnlinden. Every day that

the pajjcr brought news of a victory—and at that time this was of fre(]uent occur-

rence—there was redoubled bad treatment and vexation for Peltier. Nor w-as

this all : Brown, who himself had no fondness for study, refused to his appren-

tice this privilege, and this was an additional means of tonnenting him. For
some little time Peltier, the day's work being done, w^ould read in his chamber
by the light of the candle furnished him ; but Brown, discovering this, forbade

the use of one. By the strictest economy he now procm-ed the coveted light

from his own scanty means, and continued to read at night ; l)Ut this also was
prohibited. Forced to yield, Peltier at length watched for the nights when the

moon shone clear, and opening his window softlj-, would thus read a few pages

by stealth. This, too. Brown managed to prevent. Apprised of these facts,

Peltier's father withdrew his son from this uncongenial domicile and succeeded

shortly afterwards in dissolving the connection.

Peltier had l)een two years in Saint Quentin. On leaving this place he went

to Paris, where he became apprentice to a clockmaker by name of Mctra, wdio

himself worked for the celebiated Brequet. This was at the close of 1802.

The father of Peltier, A\ho had never been to Paris and had no idea of the

expense 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 board and lodging.

Compelled to suffer many privations, Peltier appealed several times to his father;

luit he, judging Paris by his own little town, imagined the increase of allowance

demanded by his son to be meant solely for indulgence in pleasure, and refused.

Peltier very soon became seriously ill ; and, hurt at the want of confidence

manifested 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-

tion. Fortunately his friends took no notice of his prohibition, and wrote to

his father, wdio came in tears to find his son and carry him back to his native

country, wdiere 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
had been speedily rekindled ; a universal enthusiasm reigned throughout France;

departments, cities, corporations, all vied with each other in ottering ships,

frigates, and oven boats for the public service.

Peltier could oflcr nothing, being without means, but he coidd give his life,

and he resolved to enter the navy. Not wishing, however, to engage as a com-
mon sailor, he worked incessantly in the hope of being received into the naval

schooi at Brest. Xor Avas this all ; for, not content with his own intentions

towards his country, he recruited three of his comrades and bound them to join

the array with himself. For a while all went smoothly ; but as the fatal hour

approached, the courage of the three comrailes waned ; and when the decisive

moment arrived, Peltier found himself successively abandoned by his proposed

companions, and left to execute his designs alone ; this he would certainly have
done but for a circumstance which he had not foreseen. In order to enter the

naval school at Brest, it was necessary to obtain the consent of his parents

;

and he had already written them on this subject. Ilis mother, learning his
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design with tlie deepest grief, made many efforts to dissuade liim from Lis pur-

pose ; but in vain. When, however, at last, she received the news that all was
in readiness for his departure, and that he only awaited their consent, she was
seized with a despair that rendered her seriously ill ; and the father of Peltier,

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 yom* mother ; and
remember that you will have but yourself to reproach for her death." The
alternative, thus put, admitted evidently l)ut of one solution, and Peltier

renounced his design.

lleleased from the ideas which had for a while so entirely occupied him, Pel-

tier set himself again to work, and it was not long before Brequet, discerning

his talent, attached him directly to himself as a Avorkman, and shortly after

intrusted him with the most difficult part of horology—the construction of chro-

nometers.

After remaining about two years with Brequet, Peltier left him with the inten-

tion of establishing himself in business. For a while, however, he was on the

point of uniting himself to Berthoud, who offered him very advantageous con-

ditions ; first, a very good salary ; second, that at the end of six years he
should be associated with himself in the manufacture of marine watches. This
offer certainly merited reflection. After some hesitation Peltier finally refused

;

he would have been obliged to engage for six years, and live in Argenteuil at

a period when communication was not as prompt nor easy as it is to-day. Pel-

tier preferred his liberty ; and, establishing himself in 1806, was shortly after

married to Mademoiselle Dnfant. For nine years he remained honorably
engaged in trade; retiring from business in 1815, on the death of his mother-

in-law.

Madame Diifant left him master of a very moderate fortune, the proceeds of

"which were considerably restricted l»y the disturbed condition of affairs ; but
Peltier, having no expensive tastes to gratify, remained contented with it, that

he might from that time give himself up entirely to his natural inclination for

study ; besides which, energy and method produced by degrees their natural

fruits
; so that towards the close of his life he was possessed of a competency,

which permitted him to occupy himself exclusively with his scientifio labors.

The activity of Peltier's mind prevented him from restricting himself to the

narrow limits of his trade ; and always while studying and working at horology

he was occupied fu'st with one thing and then another, as the taste or inclination

of the moment prompted him. At the time of which we speak, literatiu'c and
literary persons were held in high regard in the empire ; and Peltiers age
inclining him to such pursuits, he devoted himself exclusively to books. He
read, wrote or dictated ctuistantly ; reading while eating or walking ; and
even in the evening, when at work on his l)cnch, listening to his wife who read

aloud. It is thus that he read Voltaire, Bousseau, Buflbn, the Correspondence
of Grimm, and the geography of Malte-Bruu ; in short, everything that he
could borrow, the scantiness of his fortune not permitting him to indulge in the

purchase of books. He not only read, but composed. While still a journey-

man, he wrote a melodrama. Later he applied himself to the study of j)oetry,

and has left a comedy in verse completely finished, and has even published a

criticism on the comedy of the Deux GemJres of Etienne. It was generally in

putting together his clocks that he composed. Leaving his house, i)aper and
pencil in hand, he would, while walking, compose his verses, and when he had
them properly arranged in his own mind, would stop and write them. The
real bent of Peltier's mind was rather towards the sciences and severer studies

than literature or poetrj^ ; but he yielded for the time to the ardor of youth and
the fashion of tlie moment. Still we find in what he has left real imagination,

and a sprightliness throughout which is extraordinary. In general the versifi-

cation is somewhat neglected ; but this is by no means surprising, ho very
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often not having the time to review what he had written; hut here, 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 studv.

He determined, therefore, as the first step to make himself master of Latin, and
at the same time to teach it to his little S(in, then aged seven years, and wliom
he 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 Euflish
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 with 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 children the rules of Latin grammar, it Avas 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.

Thus when we teach our children French, we do so independently of all foreign

languages.

When Peltier had once seen this defect, he resolved to write for his son a
grammar in which all the rules of the Latin language should l)e given in

English. It was in 1816 that he undertook this work; somewhat later he took
it up again, but in French ; the change from one grammar to the other being
Init a small matter, the same language. ])eing taught in both, and the same rules

given. He 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, he discoursed, in this introduction, of ideas, their origin and trans-

formations, thus passing from grammar to ideology. At first it was onlv 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 explain
effects. It was first an introduction of a few pages ; it very soon became an
entire work. He abandoned it several times, but alwaj's seemed irresistibly

drawn to take it up again.

It was his conviction that all the phenomena of the fonnation of ideas could
and should be reduced to the simple undulation of the nervous fluid. The sen-

sation composed, 1st, of the impression made on an organ, 2tl, of the transmission
of this impression to the brain, 3d, of the perception effected l)}^ the brain, was
onl}', according to him, an undulation wrought in the nervous fluid, the starting

point of which is any given organ, the stopping point the cncephalon ; when
afterwards this undulation returns from the brain to the organ impressed, it

becomes attention ; when it returns from tho brain to an ensemble of muscles,
and is designed to cause motion, it becomes will. Memory he describes as a
succession of undulations, similar in nature, and acting upon each other; while
judgment is the sensation of the difference between I fmoij previously impressed
in a certain manner, and I fmoiJ afterwards impressed otherwise.

It is far from my intention here to enter into any detail on this sultject. Suf-
fice it to say that ideology is one of the sciences on Avhich 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 j)ersons and
things to each other, they fonn one of 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 preposi-

tion is infinitel}' 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 he even had some thouglits of submitting it

to the press, but, led off by other studies, he soon renounced his intentions.

At the time that Peltier was studying the formation of ideas witli such care,

Dr. Gall had opened his public courts in Paris, in which he 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 be to

him, studied with assiduity the lessons of Dr. Gall, and became, and to the close

of life remained, his zealous partisan. Not that he thought the localization of

faculties as maintained by Dr. Gall incontrovertible; he had not implicit faith

in all his bumps, (to speak after the usual manner;) but he did believe sincerely

and with reason in the fundamental principle of Gall's doctrine; that is, in the

relation which exists between the mental and moral nature on one hand, and the

development of certain parts of the encephalon on the other.

The confidence he 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 cranioscopy ; one, among others, having reference to the

organ of perlectibility, and another to comparative sagacity. On this subject 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 bo 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

j

comparative sagacity. All judgment is the result of a comparison; the mathe-

matician compares and judges; so also the painter, the mechanic. Our knowl-
edge does 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 anq)hitheatres and dissected like a novice, although he
was at that time about 36 years of age. He 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 man, and to have suf-

ficiently correct ideas of all his other organs. The 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 w'ill perhaps let 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 atime

time the lectures of M. Flourens at the College de France, and the experiments

in vivisection of M. Magendie. Electricity was just rising into great favor with

physiologists; all was attenqited to be explained by it. M. Magendie made
dogs and rabbits digest by electricity ; according to M. Dumas, 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 ? Peltier liad now come to the study of this science—

a

stmlv which was to occupy him exclusively during the last twenty years of his

life, and on which he has left such a profound 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,

1 interest ; we see in them the gropings to which a vigorous mind may give itself

up before arriving at what is destined to constitute one day its study from pre-

dilection. The course followed by Peltier is, besides, I think, rooted in tlie

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, he at tlie same
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 metaphj^sics—the nature of the soul and its faculties—and, 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 stud}^ the material world : first the living world, anatomy and
physiology ; and lastly the inorganic world, physics, chemistry, geology, &c.,

&c. ; so true is it that associated men, or the people, take but the same com'se as

isolated men, or individuals.

It was about 1825 that Peltier commenced seriously to study physics; until

that time indeed it had been to him but an accessory. In 1827 he bought in a

public market-place an old electric machine and some Leyden jars ; these

were the first instruments he had at his disposal. At first he amused himself by
di'awing sparks; he then formed sparkling squares and tubes, and electric j ump-
ing-jacks, and many other amusing objects; a little after he tried more serious

experiments; but he very soon discovered that this road could lead to nothing.

By an electric machine, in fact, he could never have obtained other than static

electricit}'^; and static phenomena constantly reducing themselves to phenomena
of attraction or repulsion, and to sparks, are very far from offering the variety

and interest of dynamic phenomena. Weary of these experiments without result,

Peltier very naturally turned his attention towards another som'ce 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 first investigations into currents. Later he
made for himself a very great number of these piles.

For several years Peltier labored without communicating to any one either his

W'ork or his discoveries. Knowing but little of the world, he had not had oppor-

tunit}^ to compare himself with other men, and, ignoring completely the real

worth of his intellect, did not dream that he could do anything worthy of being
known. This diffidence rendered him extremely reserved, and he worked a long-

time 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 long-

time that dry piles were not capable of giving a constant current, and could not

produce any chemical inactions. In 1830 M. Donne endeavored to throw light

on this subject b}- new investigations. In his experiments he carried the number
of couples to 25,000 and 30,000, without, however, increasing the usual size o?

the plates. He 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 l)e main-

tained between the quantity and the intensity of a current. He therefore took

up the experiments of M. Donne, but instead of increasing the number of couples,

he increased their surface, and thus succeeded in reddening to the color of turnsole,

and in decomj)Osiug water by means of a cm-rent of the dry pile. It suffices
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for tins that we take from 25 to 30 disks, provided only tliat tlieir surffice be a
little expanded, say from one to two square decimeters. Such was the first sci-

entific communication made by Peltier to the Academy of Science : this took
place on July 19, 1830; and Peltier dying- October 27, 1S45, it was in this

interval of 15 years that 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 he had just invented for galvanometers. Peltier was forcibly struck by
the sensibility which tliese instruments were rendered capable of acquiring by
this ingenious modification, and set himself immediately to work to construct

similar ones for himself. A short time afterwards M. De la Rive commenced his

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 difl'erent phenomena of the currents by
means of the galvanometer thus perl'ected by Nobili. Peltier thus found him-
self led, on one hand, to the thorough study of galvanometers, and on the other

to experiments on the pile and on currents. The 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, he laid

before this learned body another note on the quantity and intensity of currents

;

July 22, of this same year, he presented them with 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 })ractice of horology ; further, he was possessed of patience sufficient for

any ordeal, never becoming disheartened, and never recoiling- before an}- 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 disc(.)ver ])hcnomena of which he would never have suspected the

existence had he had at his disposal only heavy and sluggish instruments. It

Avas thus he discovered that, under certain determinate circinnstances, a weak
electric current can produce cold. He first made known this fact to the Academy
of Sciences, April 21, 1834; later he inserted in volume 56 of the Annals of
Chcmistrij and Pltijsics a dissertation on the heat generated by electric currents.

In 1835 Peltier discovered the diff"erence of capacity of the various metals for

each kind of electricity. During this same year he published in volume GO of

the Annals of Chemistry and Physics a dissertation on electro-magnetic experi-

ments. Until that time it had been assumed, for simplicity and facility in theo-

retic 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, btit 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

same year he sul)mitted 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 of Chemistry and Physics

a description of the electrometer which he had just invented, and which is cer-

tainl}^ one of the most useful instruments with which he has enriched science

;

and he also presented to the Philomathic Society most interesting observations

on vorticellae, on the articulation of the claws of rhizopodes, on the influence of

electric currents in the vegetation and evolution of animalcula, on the reproduc-

tion of arcellge, &c. Finally, this same year, recivrring for the last time to the
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suLject of tLc qnantity and intensity of currents, he puLliHlicd a resumd of liis

works on this snl>ject, in volume 63 of the Annuls of Chemisinj and Pltysics.

January 9th, 1837, Peltier presented to the Academy of Sciences a large 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

he inserted a note on the dynamic electi-icity 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 the difference in the conduction of a

circuit according to the direction of the current ; and thus explained from natural

causes a fact that 31. 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 of Chemistry and Physics

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 made
known the cause of secondary currents in liquids ; and he 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 prolonged

deviation, &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 he published in volume 71 of

the Annals of Chemistry 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 certainl^^ no one was
more 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-electricit\\ Peltier examines in this

work the effect of the bulk of the pairs and their number, of the size of the

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 the house he 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 multipiier of

3,000 coils, an electrometer of his invention, or a simple electroscope of gold

leaves. 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 during

storms, there was on the contrary very often an inverse current, that is, a nega-

tive descending carrent.

Later, in 1836, Peltier ascertained that during storms the negative ascending

cuiTent acquired at times a considerable force, and then ceased altogether, giving
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place to a negative descending cuiTent still more powerful. August 6 of this

same year, especially, the storm that he was observing presented at least 25 of

these inversions. He even ascertained that these sudden inversions did not 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 suiTounding them were in general of a contrary electricity, and that

this was the reason why the commencement and close of stonns always produce

positive signs, while the storm itself gives but negative ones.

In 1838 Peltier noticed a fact which he afterwards often confirmed, namely

:

that snow alone never produces electric cun-ents, while on the contrary sleet and
hail invariably give them. When they come with snow it is because it is mingled
with sleet. Finally, this same year, he called the attention of the Philomathic

Society to the fact that the earth and all bodies resting upon it are naturally in a

negative state ; but that when in a storm the lower clouds are strongly negative,

the eaith and all appurtenant bodies, being beneath them, become positive ; that

is, they exist momentarily in a condition opposed to tlwir ordinary state ; and he
thinks this change of electric state may be the cause of the general discomfort

sufic'red by nervous persons during certain storms.

We see that Peltier was perfectly prepared by his observations and previous

researches for the study of meteorology. He understood electricity thoroughly

;

he possessed galvanometers of great sensibility, by the aid of which he could

estimate the smallest dA'namic cuixents ; he had invented an electrometer which
could measure the smallest static tension ; he had already made both curious and
interesting meteorological observations, and he needed but some favorable occa-

sion to deliver himself to the study of meteorology with all his characteristic

ardor. This occasion the water-spout of Chatenay was not long in furnishing.

On June 18, 1839, a water-spout laid waste the property of M. Herelle at

Chatenay. The insurance c«»mpany refused to pay damages, alleging that water-

spouts were not electric phenomena. In order to satisfy himself on this point

M. Herelle sought Peltier, whose works had now begun to be known and appre-

ciated. Solicited by M. Herelle, Peltier repaired to the spot, and by virtue of

his perfect knowledge of electricity soon determined the real character of this

phenomenon. He first %\Tote a letter on this subject to the Academy of Science,

July 15; later, his ideas becoming still clearer, he presented, October 28, a

resume of his researches, and in 1840 published his Treatise on Water-spouts.

From this moment Peltier found himself engaged for a long time in the study

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 he did this we shall now see.

February 3, 1840, Peltier wrote to the academy explaining the fact of the

entire destruction of a man by a thunderbolt ; and the same day laid before them
a sealed package on the grouping of clouds. May 4, he communicated to this

learned body 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 Water-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 efilnx ; and, November IG, made known to the

academy his experiments on the origin of the zoosperms 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, (February 8, couimunicatiou

to the Academy of Science.) This same year he procured a barometer, and six

montlis had not passed before he was able to comprehend the true cause of the

oscillations of this instrument, placing in fact before the academy, April 25, 1842,

a sealed package containing the resume of his researches into the causes which

vary the barometrical pressiu-e. At the same time that Peltier made by his obser-

vations so important a discovery, he published, in volume 4 of tl)e third series of

the Annals, his great work on the cause of the electrical phenomena of the atmo-

sphere, which may be regarded as the fundamental basis of all meteorology ; he

also ascended the' Faulhorn, and there ascertained that mountains are possessed

of all the properties of forelands, and that consequently their resinous tension is

enormous. He explained the phenomenon of the coloring of mountains ; studied

the electrical phenomena of cascades; caught a glimpse of the cause of the dif-

ferent colorings of clouds ; made, with M. Bravais and by request of M. Regnault,

experiments 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, he gathered together, arranged, and made known all the facts he had

observed, and published his dissertation on the different kinds of fogs.
^

In 1843 Peltier continued his labors, and prepared the memoirs with which

his scientific career terminated.

November 2, 1844, he presented to the Brussels Academy of Science his great

work on the cause of barometrical variations, and his researches on cyano-polar-

imetry ; and this same year pul)lislied in the Archives of Elcdrkiiij, at (reneva,

his memoir of electrical meteorology. He also made known to the Philomathic

Society his observations on the electricity of vapor arising from boilers at high

pressure
;
pointed out the 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 Cette water-spout.

Finally, in 1845, Peltier made known the cause of the oscillations observed by
M. 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 he 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 20 years ; and, 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 had suffered much ; but to all remonstrances of his friends and family he

replied: '*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-

rially affected his health, and, a short time after his return to Paris, resulted in a

spell of sickness. His disease was not in its first stages dangerous, being but a

slight intestinal affection, to cure which would have required at this time rest and

quiet for a few months. But with his character, with that incessant activity which

distinguished 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 ; he had established the basis, and he now wished

to deduce its consequences and ay ply them to the different phenomena of nature.

Nor was this all : it was long since he had 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 energy

and 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 he still had strength sufficient to go into Belgium for the pur-

pose of there introducing his various apjjaratus and his method of observation in

meteorology.

In 1S45 the disease continued to make such progress that it was soon impos-

sible not to recognize in it a scirrhous stricture of the intestine ; and to this he

soon succumbed. The day before his death, although exhausted by suffeiing,

he was still intent upon science—admitting several persons who came to consult

him on the water-spout of Monville, among whom was M. Preisser, professor of

chemistry at Rouen, with whom he 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 he still retained his consciousness, but, gradually losing it, died

calmly and painlessl}^ at 9 o'clock a. m. on Monday, October 27, 1845, having

attained the ago of sixty and a half years.

Peltier v.-as of medium height and well proportioned ; his build was somewhat
spare, and his temperament at the same time bilious and neiwous ; 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 blue eyes and heavy black brows gave to

his face a most marked appearance. His sight 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 he was at the same time a man of theory and

of facts, never separating these 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. His 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 adversa-

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, he 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 ho died.

On the 29th day of October, 1845, a great concourse of savants and friends

conducted him to his last home, amidst the universal grief. Among these wero

MM. liegnault and Milne Edwards, members of the Academy of Sciences ; M.
Desbassayns of Ilichemont ; Dr. Conneau, MM. Bravais and Martins, M. Boutigny

d'Evreux^ M. L. Breguct, M. Donne, M. Lemercier, M. Frederic Gerard, M. Lesueur,

M. Silberman, M. Doyere, M. Lassaigne, M. Breon, M. V6c, mayor of the fifth

wai'd ; 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 Pere-la-Chaise his body was deposited in a provis-

ional vault, and two discourses were pronounced over his tomb—one by M. ]\Iilne

Edwards, as president of the Philomathic Society, of which Peltier was a mem-
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l)cr; the other hy M. Frddei-ic Gerard, who had known him but a few years, hut

to whom the time, short though it was, had sufficed to give a just appreciation of

his qualities. These discourses were as follows

:

DISCOUESE OP M. MILNE EDWARDS.

" It is not in the midst of the sad scenes suiTOunding the tomb that we can give

ourselves up to the cold estimations of science, and judge impartially the works
of a man who has long been our colleague. I shall not then endeavor to recall

here all that M. 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 seat. Historians of science will have the grateful task of regis-

tering his works, and will gladly render him tlie praise which is his due. But
before the 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 sfud// and frkndslilp. The Philomathic Society will long honor the

memory of ]\I. Peltier. We ^\ill not forget the frequent and interesting com-
munications in which he has given account of his curious researches, and his

name 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 beginning

of their career, feel discouraged by their isolation, and fear that they can, unsup-

ported, acquire neither fame nor fortune. They will see from the example of ]\[.

Peltier how, with firm will and undaunted spirit, a young man alone in the world,

and without resource except such as is furnished by a powerful organization, can
triumph over the numberless obstacles by which he is sun'ounded, and conquer, lit-

tle by 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 inteiTupt the course of his labors, so strongly impressed with
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 ^clat.

" When in a few days our society resumes her labors, she will leani with grief

the 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, Fresnel, and Savart."

DISCOURSE OF M. PUfiDERIC GERARD.

"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 can render to his mem-
ory ; and the words pronounced over his coffin, resting deeply engraved in the

mind, are an instructive lesson to all who hear tliem.

" If a pompous eulogium is expected for those who have performed glorious

actions, 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 he whom death has taken from us before tlie 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—a hard, unmer-
ciful man. It was at this time that France in arms battled against all Em-ope

;
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and each time that the public journals announced the success of repuhlican
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 ofiered to the eager lad hut little knowledge, Athanase, impatient of a
yoke which nettled his pride, ran away and went to Paris.

'' This was in 1803, when Breguet held in this city the sceptre of elevated

horology. Peltier, having heard of his fame, presented himself before him
W'ith 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 Breguet himself, and very soon intrusted

with his most important works.

"Fortime smiling on his persevering efforts, Athanase became himself head of

an establishment of horology. Until that time he had applied his intellect to

the study only of mechanics ; but he then began to feel that this branch, cut

ofl' from general knowledge, could not satisfy him ; and so occupied himself

with literature, poetry, and philosophy j this last science especially suiting his

grave and meditative cast of mind.
''Married in 1806, and becoming a father two years later, he 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, he 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 liim-

self to a profession which requires more of physical force than of mental ; and
hence he was not lon^ in abandoniuQ- 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 the career of the elder Peltier Avas irrevocably determined
;

he occupying himself exclusively with mathematics, physics, and natural his-

tory. He 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 w-ere in his earliest years, enabled him
to make his own instruments, and to add to others the modifications necessitated

by their use. He loved to repeat and explain the experiments in pln-sics 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.

'' He 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 this

time the question of dry batteries was much discussed ; this subject roused him,

and, seizing it, he treated it with that accuracy of judgment 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 priorij mere playthings of

the imagination, but experiments and minute researches pregnant with new
views and marked by the most subtle penetration. The returns of the Acad-
Qxnx 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.

''Dj'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 fogs, and his fine treatise on water-spouts, wovdd suftice to as^gn
him a distinguished place among physical philosophers had he 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 he rises to the

greatest heights of abstraction without, however, quitting the stronghold of expe-

rience, a characteristic which is observable throughout all his works.

''I nmst not forget, too, to cite his experiments on microscopic life, which fonn

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 he studies this infinitesimal

life witli a happy dai'ing which permits him to read its secrets 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 period

his strength diminished, and his body wasted away ; but his mind lost none of

its original vigor, and he ever retained his passionate love for science. It was,

indeed, during these last three years that he published in the Brussels Archives

of Electricity and Memoirs of the Academy of Science his moat important

works.
'' Towards the close of this year his health became more and more feeble, and

the disease which preyed upon him soon gave too clear warning of his approach-

ing end. He spoke of it without affectation, and with the quiet resignation and
calm philosophy of one who feels and understands that the goal of life is death.

'' His extreme sufferings, the prostration of his strength, his ever-increasing

debility, that precm"sor of dissolution, could not diminish the ardor with which
he still devoted himself to his favorite occupation, even revising and correcting

towards the last the impression of a general treatise on physics, Avhich will

appear as a posthumous work, and is the last emanation from his great and
noble mind.

'' The numerous materials he has collected will not, we hope, be lost to science;

and only when we reap the fniit 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 but two days since he conversed for several horns with a scientific gen-
tleman of Ilouen 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 the 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 liim 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 nest

morning his friends found him sinking, but calm ; a few hom's and he was no
more.

*' Thus terminated this life so filled with labor of which science had the best

and noldest portion. He died finnly believing in the infinite progression of

physical philosophy, 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
5

but, like all strong men who dare to look beyond, he was prepared."



APPENDIX TO THE BIOGPxAPIIIC NOTICE OF PELTIER-SCIENTIFIC
NOTICE.

[TRANSLATED FOR THE SMITHSONIAN INSTITUTION, BY C. A. ALEXANDER.*]

I.—MiCKOSCOPIC RESEAKCHES.

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 i\Inller 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. Peltier, 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.

Effects 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 ing»enious 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.^ This arrangement

lias several advantages ; in the first place the thickness of the tin does not per-

mit the drop of water to extend itself by capillarit}'^ 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 circle

of oil delays evaporation. If we closed it entirely, there ensues, in 24 hours,

asphyxia of a great part of the animalcules ; 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 vorticellse,

and avoimd tlie cephalic projections of the rostrated cyclida the protees become
transformed

; and the more as the drop of water has been longer kept. It

seems, in a word, that aliment no longer reaching the organism in sufficient

quantity, 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 al)0ve spoken of, the following phenomena : at the end of five

or six days of inanition, th-j agglomerations attached to the exterior mem-
brane of tlie animal diminish in number; when the vorticella is wholly cnfce-

* Notice surla vie el les travaux scientifiques de J. C. A. Peltier, par sonjils. Paris, 1847.

i Annrilcs dcs Sciences NntureUcs, February, 18:58. Vol. 9, p. H[).

t The French measures used in this article correspond to the Eufjlisli as follows : the mil-

limetre =.0:5'.):>7 inch. ; milli<i^ram= .0154 graiu ; decimetre :^ 3.937 inches ; centimetre=
0.39371 inch. ; metre= 1.U93033 yard.
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l)led, it has lost them all ; it is then no more than a very thin and diaphanotia

membrane in which no organ is any longer perceptible. In this state, all move-
ment has ceased ; the particles of the membrane itself become disintegi'ated

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.

Reproduction of wfiisoria.—It is known that among the infusona, properly

so called, reproduction takes place commonly by fissiparity ; they continue sep-

arating 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 naiadse. 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 the vessel stops, two large absorbent

vesicles, which imbibe for the 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 witli its movement. In front of these vesicles, a constriction is presently

fonncd, ^\hich increases by degrees, and Avhich ends by completely separating

the two portions, which then constitute two distinct individuals.

The anterior portion, 1 tetter 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 seveir 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, therefore, w'as the formation 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 protracted inanition, he perceived that, in the

middle of the body, an indentment was formed which went on constantly

increasing, and finally separated the animal into two parts ; the anterior half

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 liberty 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 cyclidse.

M. Dujardin had inferred from his researches that certain animals might be

produced !>}'• 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 obsei'vations on the common and tlie scutelliform arcell®. Tho
mother-arcclla 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 inteaTals. 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 Pel-

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

retrograded, and an inverse current was established for the benefit of the primi-

tive arcella. An instant afterwards, when the original cuiTcnt 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 arcellte gradually

became thinner, then entirely separated, and two minutes afterwards the two

distinct animalcules withdrew one from the other, both thnisting 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.

Peltier observed, in 1830, another example of generation by an efflux of sub-

stance still more curious than the former, for here the efilux was not sponta-

neous, lie had placed between two glasses, under the microscope, a drop of

water in which there was a very large specimen of Mailer's vesicular Icucophra;

in slightly compressing the 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 smal\ 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 hour, fonned 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-

cumference the reflection of the liquid in motion, and shortly afterwards the

oscillations of very fine cilia. The leucophra Avas now complete and presently

revolved upon itself, then spontaneously changed its place and traversed the

drop of water. Thus this little animal Avas produced externally by the agglome-

ration of the substance which had been made to issue mechanically from the

mother.

Transfonnations of zoosperms.—Peltier had followed with much attention the

successive transformations of zoosperms, especially those of th^ frog.* He
showed first that the spermatic liquor expressed from the testicles contains, in

wintev, only simple spherical globules. As adolescence approaches, and the

season of copulation, these globules become covered with black points and small

projections, which latter speedily elongate, forming each a cone, the point of

which appears filamentous and soon undergoes much enlargement ; at the same

time the filaments which terminate these cones grow more and more distinct and

present 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 the black

points of the central globule, and free in their caudal extremity.

As long as these globules swim in their natural liquor, no movement is per-

ceived ; but if there be mixed with it blood from the neigliboring veins and

arteries, the point of the tufted cone partially opens and some of the filaments

which terminate it commence oscillating \\\\\\ their terminal parts. If blood

* Journal VInslitut, 1838, t. vi, p. 13-2. Idem., 1840," t. viii, p. 392.
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taken from anotber 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 perfectlj^ recognized; if a still more heterogeneous liquid

be addeil, 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 transformations ; 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 ajipearance 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 of the 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 he 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, he had employed all the means which science could furnish

him, and the following are the results to which he Avas coirducted :*

The muscles are composed of distinct cylinders, of a diameter of from J^ to

3Q of a millimetre. S<?en 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 diflerent animals, from -^^-^ to ^3^0 ^^ ^
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,

Avhile 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, diti'raction 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. Hence
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 pliysiologists who thought that these transverse fibres were formed

by nervous filaments, woimd in a helix around the muscular fibre.

The globules of the elementary fibrils are strongly adherent to one another

and to tlieir 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 the diflerent phases of the phenomenon of contraction may be followed

with facility. It will be seen that the aiTangement in zigzag has here replaced

* Annates des Sciences Nuturclles, 2ci series. Zoology, vol. ix, p. 89.
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the aiTaugement 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 whose
two ends are pressed nearer together. The elasticity of the sheath, however,

renders this corrugation very ditlicalt to be perceived.

0)1 the structure of the nerves.—When Charles Bell had puldished his treatise

on the distinction of the nerves of the face into nerves of movement and nerves

of sensation, Magendie proceeded to inquire whether' there were not soijiething

analogous in the rachidian nerves, and soon thereafter proved, in efi'ect, that the

posterior roots of these nerves presided over the sensibilit}", 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 (piestion, and we will recall the principal facts which
he made public*
The nei-ves of sensibility have not a texture similar to those of movement,

and moreover each of them in particular varies according to the proxitoity 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 more resistant; it circumscribes more and more the

medullary pulp, and in the end forms for it distinct sheaths. At fli'st 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. The
number of these slieaths continually increases, and the free pnlp diminishes in

the same pro])ortion. The nearer we approach the termination of the nerves, the

more glutinous does this pulj) become and the greater the cohesiveness it acquires.

The nerves which are ramified in the muscles are formed of tubes of about
j-l^^ of a millimetre ; the membrane which constitutes them is of little consist-

ency; at the least pressure it yields unequally, and the medullary substance

which it contains forms varicosities. The nearer the periphery, the fewer the

varicosities, because the sheath becomes more resistant and the pulp diminishes.

These tubes or nervous fibrils, however, always preserve a considerable part of

their globules in line, wdiatever the pressure exerted on them. I'owards their

insertion they are finer, more regular, and more numerous ; the globules of the

l)ulp are there better aligned, their position is fixed, pressure no longer displaces

them, and these nervous fibrils might be readily confounded with the muscular

fibrils, if the transverse lines found in the latter were not wanting.

Arrived at the muscle to which it is destined, the nervous filament sends forth,

at varialile distances, bundles of elementary fibrils which have become extremely

thin. They are in diameter about
g-J-^

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. Tiiese bundles of nervous fibrils are dis-

persed over all the adjacent muscular fibrils, in the midst of which they success-

ively disappear, without our being able to see how they terminate. It might

almost l)e believed that the muscular fibril is, as regards a part of its substance,

but a continuation of the nervous fibril.

The nerves of sensibilit}' have a different constitution from the preceding.

They contain less of the nervous pulp in a state of semi-fiuidity ; on compression

no varicosities are produced ; their fibrils are more tenuous ; tliey have, at first,

a diameter of from J^ to -^\-^ of a millimetre, but towards the organ in which
they are inserted of not more than from jg^oo to

i fV o ^^ ^ millimetre. Their

globules are much smaller, being not larger than about y^'oo ^^ ^ millimetre;

they are regularly aligned, and pressure does not displace them. These
fibrils 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 lie detached

but by tearing them.

* Journal CJnstitut, 1839, t. vii, p. 113.
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II.

—

Static electeicitt.

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
wliicli it produces in these two cases are very ditrerent.

This distinction is to he 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 lictween 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 w-ith ponderable quantities of matter, l^ike currents

attract one another ; unlike currents repel one another. Finally, dynamic elec-

tricity has an extreme diversity of action; it alters the tem])erature of bodies,

vaporizes or decomposes them, magnetizes iron and steel, causes deviation of the

magnetic needle, &c.

The two orders of phenomena, static and d^aiamic, 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 san)e 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.

Ilelation of static and dynamic actions.—Peltier had measured the extent of

the electric phenomena, both static and dynamic, wdiich may be produced by the

oxidation of a milligram of zinc. By causing the electricity produced by a

given (piantity 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 eifect 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 s])rings frum it.t

Electric capacity of the metals.—Peltier first demonstrated that the 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 cojiper. Gold is likewise more apt than silver

and platina to become charged with positive electricity.^

* See Annales de CIcimie et de Physique, 1838, t. 67, p. 422: a memoir of Peltier on the

quantities of dynamic and static action produced by the oxidation of a milligramme of zinc,

See also the article Galvanism of the Dictionnaire Univers. d' Hit^toirc Nuturttle.

t Annalrs de Cliimie et de Physique, 1838 ; memoir before cited.

t Comptes-rendus de r Academic dcs Sciences, 1835, t. 1, pp. 360 and 470.
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After having sufficiently verified tliis 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 ])os-

sess different quantities of static electricity, and that consecjuently 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,

aiid, in consequence, moi-e 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 ]ye 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 tliern in the most general
manner, by saying that the metals have different capacities for collecting the
same static electricity from a constant source. But itw-as 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 Becquerel, 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; l)ut very slowly and very slightly, w-hich had theretofore prevented
the physicists from perceiving it. The quantity of platina oxidized is unques-
tional)ly very minute, but the experiments of Faraday, of Peltier, 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 degree; if it is also negative in relation to zinc, this is

referable to the fact that the zinc employed is always covered with a ct)at 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 sensibilitj^, 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 l)y Peltier, and of his electrometer.

The torsion balance, as it was employed l)y Coidomb, had the inconvenience
of not maintaining 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 the 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 electricities, and from the attraction produced by the excess of ono of
the balls over the contrary electricity of tho other ball, which the former devcl-
opes by influence.

With a view to avoid these causes of error, Coulomb took infinite precautious
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to assure liimself tliat iluring tlic whole time of the experiment the total loss

should be very small, and consequently the difference still smaller. When the

experiment, however, lasts a long time, and in damp weather, w'e 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 l)y 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 liall ; secondly, he soldered this last to

a metallic rod which projects laterally, and whicli, 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 Coulomb's balance. A cocoon thread, devoid of torsion, is

attached to the windlass of this micrometer by 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, a point of platina descending

vertically. This point is immersed in a ca])sule of glass, into which has been
previously introduced diluted sulphuric acid. The capsule is carefully surrounded

with resin, and rests on a plate of copper. This plate may be raised or lower by
means of a Ijent 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 whicli

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 plane 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 possi-

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, the 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.

Electrometer.—We pass now to a description of the electrometer of Peltier.*

On a socle or footstand, three decimetres in diameter, is pasted a dial-plate of

pasteboard, graduat(^d 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 angle when it

arrives above the zero. It then penetrates vertically into the footstand 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 plates

of 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.

* Annates de Cliunie et dc Physique, t. 62, p. 422.
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This concave surface is destined to receive tlie pivot of a needle formed of a

very fine copper wire. The needle is a decimetre in leng-th, 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 Avire which forms the needle is slig'htly curved, in order that its greatest

portion in length may be phaced 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

tx)dy 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

BO error of parallax is to be apprehended.

Peltier liad 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 armature 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.

Ilowever light the indicating needles, their weight occasions a slight friction

on the concave plane which supports the pivot. This 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 torsion

balance. Peltier added, therefore, to his electrometer different pieces, with a

view of rendering this transformation possible and easy. The pieces are the

following: 1°. A gallows fomied of a foot of copper or ivor}^ 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-])late. 2°. An apparatus destined to carry the wire and pos-

sessing two very distinct movements—one horizontal and circular, the otlicr ver-

tical and rectilinear. 3°. A silver wire of the vitmost 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-
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ported by tlie point of the pivot resting in tlie steel cnp, is suspended Ly tlie

bilver wire, without heing', however, in metallic c<;ntact v;ith it, since it is sepa-

]'ated from it by the small cylinder of gum-hic.

When these chang'es 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 Avire 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 completel}^ 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 acidulatect water, for the pivot

would be soon oxidized. Doubtless this communication might be estaldished

by means of mercury poured into the little cuj) ; 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 ])lacing itself

perfectly at its centre of gravity; M-J.ence it results that the suspending wire,

instead of being vertical, has a slight inclination, and consequently the needle

has a tendency 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 sutHces as

a conductor for the electricity of tension between two bodies in such close prox-

imity as the steel cup and its i)ivot.

At first Peltier had given to his electrometer dimensions somewhat large. It

was then, in effect, a cabinet instrument ; but afterwards, when he 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 lixed 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 l>y its upper
wall; it is then prolonged verticall}- for two decimetres, and is surmounted by
a hollow metallic ball, eight centimetres iu diameter. This is the atmospheric

electrometer of Peltier.

We nuist 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.—DYiVAillC ELECTRICITY.—VOLTAIC PILE.

Of the pile of Volta and the theorjj of contact.—The most usual source of

dynamic electricitj'- is the pile of Volta. This is one of the most admu'able
instruments Avith which the genius of man has enriched science, and numerous
physicists have occupied themselves with its theory.

Volra sup})osed 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

interposetl liquid serves only as a conductor to allow the recombination in the

neutral fluid of the two opposite cuiTcnts. It was this decomposing power
placed at the contact of the metals that he called the electro-motive force. This
theory has received the name of the theor^^ of contact.

According to this theor}", 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 contrar}', was negatively electrified, and disengaged h\ drogen.

In a second experiment, in place of pure water, Davy poured into the jars sid-

phur of potassium ; immediately the iron became negative, and disengaged

hydrogen, while the copper became positive, and was oxidized. The poles of

the pile Avere therefore inverted, and the direction of the current had been

changed with the nature of the liquid body interposed.

Experiment af Peltier^ proving that there is no cJectro-moticeforce 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 not 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 shall report it with some details.*

We plunge in two separate vases, well insulated and filled with the same

liquid, the extremities of a pair, zinc and copper. AVe 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 /, 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 communicTtes \\ith

the ground, and the zinc can as little possess it, since the electio motuc foice,

according to the theory, results from the contact of the zinc and copper. It is not

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. We place

now the end d of the platina A\ire, communicating with the ground, in the vase

B, and interrogate, in the same manner, b}' 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 th.e electricity of a zinc and copper pair is

not produced, as Volta thought, by the contact of the two metals ; it proves,

moreover, that it is produced on the contact between the acidulated liquid A
and the ])ortion 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 this experiment proves, on the contrary, that

they are l)oth one and the other in the same state.

Since the electricity proceeds, not from the contact l»etween the two heteroge-

neous metals, and is produced oii the surface of the zinc moistened by the acid-

ulated liquid—on the surface which the acidulated liquid attacks chemically

—

everything tends to the conclusion that it is the chemical action itself which pro-

duces the electricity. This opinion, proposed for the first time in ISOl by Par-

rot, supported by the experiments of Pebroni, AVollaston, Paraday, and Becqucrel,

was again-considered, in 1S2S, by M. de la Rive, to whom pertains the honor of liav-

ing first made known, in a clear and satisfactorymanner, the true theory of the pile.

Chemiccd theory of the pile, hg de la Rive.—According to this distinguished

* Peltier, Essai sur la co-ordination des causes des yhcnomenas ele.ctriques.—Memoir of for-

eign savauts of the Academy of Sciences of Urussels, vol. 19, p. 34 of the memoir, note.
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plij-sicist, tlie origin of the electricity of tlie pile of Volta is tlie chemical actiou

which takes place between the acidulated liquid and the zinc. The negative

electricity diffuses itself over the nictal attacked, the positive electricity diffuses

itself in the acidulated liquid. These electricities arc afterwards r.eutralized,

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. de la

Kive, 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 ]3olar 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 recomposition backwards ; that is to say,

must augment the tendency of the electricity to combine forwards. But in phys-

ics it is not enough to advance a theory more or less satisi'actor}' : it is necessary to

demonstrate it ; it is necessary to prove the reality 1 )y numerous and positive experi-

ments which can leave no doubt or uncertainty ; it is necessary, in a word, to antici-

pate all objections and answer them in advance. This is what Peltier has done.*

Sinmnary of Pdtier^s researches on the Voltaic pile.—According to Peltier, in

a current there are two very different things to be distinguished : the quantity

and the intensity. The quantity is the number of electric perturbations which

traverse a conductor in a unit of time. The intensity is the power which a cur-

rent possesses of overcoming the resistance of the conductors pi'esented 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 the 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 almost always cause a portion of the quan-

tity of electricity produced to be in return neutralized. He has shown that

when the resistance of the conductors is null, the quantity of electricity which

passes by the closed circuit is proportional to the qiiantity of molecules attacked

on the same surface.

He 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 have a cinrent of quantity, it is neces-

sary to use a battery \\ith pairs of large dimensions.

it was generally thought that in a battery, when one pair Avas smaller than

th6 others, this small pair decided the quantity of the whole current. Peltier

proved that this opinion was not wholl\' exact. No doubt this small pair dimin-

ishes the quantity of the current. In consequence of its resistance, which is greater

b}' reason of its very littleness, it forces a portion of the electricity which reaches

it to recombine behind it, but it gives passage as a simple conductor to the rest.

B3' means of positive experiments, Peltier has demonstrated that the intensity

of a current, that is to say, tlie power it possesses of overcoming obstacles, is

only due to the greater obstacles situated behind to prevent retrogradation of

the two polar electricities by the battery. Now, these obstacles may be of two

sorts : they may proceed from the 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 Annnhs de Chirnic ct de Physique, 1836, t. G3, p. 245: the note of Peltier entitled

"Definition of the words electric quantity and intensity, drawn from direct experiments."
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Peltier lias also proved tliat a ciuTcnt endowed witli a great intensity is iden-

tical with a current wliicli possesses but a feeble one, and that these currents of

great and feeble intensity produce the same effects on bodies when they traverse

them in equal quantities. He has established, by two series of new experiments,

the one dynamic, tiie other static, that in a battery well constructed there is a

neutralization of all the intermediate electricities ; that all the negative portions

are neutralized by equal positive portions proceeding from the pairs in front of

them, and that there are no free electricities but those of the extreme elements,

which, to become neutralized, have only the arc interposed between them, or a

return by the battery. Finally, he 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 couhl not pass in suitable quan-

tit}^ 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 the principles above stated. These experiments are almost

all derived from the memoir of Peltier, already cited, on tlie electric quantity

and intensity.

Experiments of Peltier relative to the quantity and intensitf/ of a current.—
If we take a voltaic pair consisting of two fine wires, zinc and copper, immerse it in

common water, 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 pre-

sented 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

be 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.

We 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 muhii)lied l»y

2,000. It is very evident in this experiment that it is by the quantitif that the

power of action has been enhanced, and not by some other modilication. It is,

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 milinie-

tres, heat one of the solderings to 40 degrees, and complete the circuit by tho

sort of multiplier which Ave had previously formed, the needle \A\\ be not at all

deflected ; 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,

will begin to give notable deviations. If we reduce it to 10 coils, the deviation

Avill be considerably augmented. If, in tine, we reduce it to a single coil,

fonned of a strip of copper containing as much substance as the 2,000 coils, the

deviation may proceed even to 60 degrees.

The quantity of electricity produced in this experiment by the thermo-electric

pair is evidently 2,000 times greater than that of the above hydro-electric pair,

since we ol)tain the same deviation with a single coil as with the factitious quan-

tity given l)y the reduplication of. the coils. Nor is this all : in the first experi-

ment the length of the conducting wire was easily traversed by the hytlro-

electric current ; the inertia of the matter was overcome without diiliculty and
without appreciable loss of the cun-ent. In the second experiment this 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 not

(;onfound : 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 tho name of tension for static electricity.
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To tlirow better liglit on the nature of these phenomena, Peltier 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 resi^ects similar, but insulated

from the first, then a third, a fourth, and finally a fifth. This quintuple helix

"vvas so constructed that the homologous ends inight be united and then form

but one helix of 240 coils, having five times more of substance ; they might

also be united in a batterj^, 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 apjiaratus to produce a cuiTent 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 rheomcter of a single coil,

the deviation will increase as the number of helices united by their homologous

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 2o°. If we replace the galvanometer

of one coil l>y a multiplier of 2,000 coils, we 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 helices by their homologous

ends, we unite them in a battery, and that we make use of the rheometer of

one coil ; wo shall have 5° of deviation with a single helix, and we shall obtain

no more with two, three, four, or five helices united in battery. On the other

hand, suppose that 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 o[)position between the results, the reason of

which is simple : with a iheometer 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 the needle. On the contrary,

when we take a rheometer of 2,000 coils, the resistance of the conductor is

oreat, the quantity of electricity produced is in vain augmented ; no more of it

passes, it returns backward and is neutralized by the electromoter itself. The
sole means of making more pass, is to unite the helices in battery ; then, in

cft'ect, we augment the dilficulties to the retrogradation of the two electricities,

and force them consequentl}' to recombine in advancing. Peltier formed still

another multi[)lc helix, of which the wires were of difi'ercnt and proportioned

magnitudes. Tlic result was still that the quantity was given l)y the mass, and

tlie intensity l)y the reduplication of the spires. He repeated the same experi-

ments with thernio-elcctric and with hydro-electric pairs. These gave analo-

gous results; the quantity depended on the qitantity of matter altered in each

element, and the intensity on tlie luunber of interposed pairs undergoing the

same alterations. We shall content ourselves with speaking of the results

yielded by the liydro-clectric 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 00°

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
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a battery of six pairs of tlie same dimensions; tbc same results ^^•ere obtained,

and not a degree more.

If, on the contraiy, the interposed arc 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-

ino- results :
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proportional to tlieir lengtli, and inversely proportional to the surface of tlieir

transverse section. It would be desirable, certainly, that tliis law might be

considered exact ; but unfortunately it is not so, for Peltier has demonstrated

that there are very great difi'erences 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 Ave have to do with a hydro-electric jiile, a

thermo-electric 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.*

Reply of Peltier to an objection made to the ehcmieal theory of the voltaic j^dc.—
The partisans of the theory of contact had often objected that it is not always

the bodies most strongly attacked which give most 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 cuiTcnt sui)erior to that given by copper

plunged in nitric acid, which devonrs it in a few instants ? Peltier has supplied

the explanation of this apparent anomaly, t

To have full (nomhycuxj currents, it is not only necessary that there should

be much electricity produced, 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 diifuse itself over this last. On the

contrary, when the acid attacks copper, the resulting oxide does not remain

adherent to the metal ; it falls into the acidulated liquid, leaving the copper still

bright and clean. Of course, in this case, there must be a vast quantity of

electricity lost ; in effect, the chemical combination is no longer -acconqilished,

as in the preceding 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

recombined, in part at least, with the positive electricity which is present in the acid.

What has l)een said above explains the utility of the amalgamation of the

positive elements in batteries ; the combination of the oxygen of the solution

not being capable of accomplishinent except in the interstices of the mercury,

the electric phenomenon is enveloped by a conducting metal, and the resinous

electricity, thus collected from all jjarts, is propagated through the conductor to

become again neutralized with the vitreous electricity abandoned to the liquid.

IV.—CYAyO-rOLAKIMETKY.

Peltier had occupied himself much with that branch of the phj^sical sciences

which treats of light. It will be readily understood that, desiring to penetrate

as far as possible into a knowledge of the intimate structure of bodies, he would

not neglect the stiuly 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 distinctly dethied; there is none of which the general theory

is so complete and satisfying. Independenth- of many other circumstances, this

is referable to a fact which has not jierhaps 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 the thermometer, the galvan-

ometer, the difierent compasses of declination, inclination, &:c. For light, on

the contrary, we need them not; the instrument has been confeiTcd 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: Conmnmicatiou to the Academy of Sciences on electric conductibility. Comptcs

rendus, t. 1, pp. -203, 1835.

t See Comjitcs nndus of the Academy of Sciences of Paris, 1837, t. 4, p. G5, and the

Diciionuairc Uniccrs. d'Histuire ISaturtUc, article Galvanism.
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mastered them; but he liad experimented little, and all that remains to ns of
Lis 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 slcy varies Avith the quan-
tity and state of the vapors difi'used in the atmosphere; every one knows also,

since the discovery of M. Arago and the researches of MSI. Quetelet and Dole-
zeunCj that the air polarizes light and that the intensity of this polarization is

not the same at all points of the skv, nor the same for the same point at all

hours. There was nothing, for a longtime, wherewith to measure the variations

of the azure of the sky l>ut the cyanometer of Saussure; for the cyanometer of
Arago, as designed by him in 1817, had never been realized. As to the polari-

zation of the atmosphere, there existed for its study only the polariscope of
Savart and that of Arago. But the cyanometer of Saussuro is a very imperfect

instrument which can yield none 1)ut very uncertain results; as regards the
polariscopes of Savart and Arago, they are both, it is true, extremely sensitive,

but as the}' are destitute of the means of measurement, they could not serve 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 ISll, but to which a particular

apparatus had been adapted. The polariscope of Arago becomes a polarimeter

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 polariscope, properly so called. The proportion of polarized

light contained in the pencil observed is deduced from the angle at Avliich it is

necessary to adjust the plates of glass in order to perceive no longer any trace

of color athwart the whole apparatus.

In the sitting just mentioned, Arago had presented to the academy the instru-

ment as constructed and aiTanged by himself; at a succeeding ses.sion, Novem-
ber 15, he submitted to the inspection of the academy this same polarimeter

constructed upon his model, but executed by M. Soleil; this instnmient is known
as the cyano-polarimeter of Arago. Capable 'of serving at once as a cyanometer
and polarimeter, it was, beyond doubt, greatly superior to the instruments 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 Avas it not

without defects : first, as concerns cyanometry, it wanted several important

means of measurement; then, as regards polarimetry, 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 planes, it could l)e

of no utility. Peltier a|)plied himself to correct these defects,»and completely

succeeded in doing so.

Oj)t/ccd piiJicij)Jcs of' C!/nnomcfri/.—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, and
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 modilication. If we now analyze it on its emergence with an
achromatic douljle-refracting prism, taking care to place the principal section of

this prism in the plane itself of the polarization of the ray, the ordinary image
contains the entire ray; that is to say, the complimentary tints are black and
white, and there is no coloration. Quartz, however, forms an exception to this

rule. When, in effect, a ray of polarized white light is made to pass through a
lamina of quartz (rock crystal) cut perpendicularly to the axis, and this ray, as
in the previous case, exactly follows the direction of the axis, if we in like man-
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ner analyze it at its emergence witli an acLromatic donLle-refracting prism, we
shall see two images always colored and presenting complementary colors which
change when the bi-rei'racting 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-refi-acting 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 ])olarization 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,

l)eing 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 then- 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-

ing prism, the colors are distributed in unequal proportions among the ordinary

and extraordinary' pencils, which consequently produce colored and complimentary

images.

The 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 made to turn

uniformly in 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 polarization of a ray might be made
to turn even several semi-circumferences. This 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 has, with reason, chosen the thickness which gives a pure

blue of the second order in the ordinar}' image; this thickness is in general fi'om

six to seven millimetres.

It results from what has been said, that the intensity of the blue color in the

ordinary ray de})ends 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 relative polarization 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

mdl. The more the pile is inclined and the incidence of the ray oblique, the
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more perfect is tlie polarization and the more intense tlie blue color of the ordinary
ray. For a pile of eight glasses, the polarization may be considered as perfect

when the ray of light reaches it under an incidence of 10 degrees; it is at that

point, therefore, that we should have the most intense blue, and it is evidently

this angle which might serve 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,

only a part more or less considerable of the incident light, and reflects the rest.

Now, -when the incidence of the ray is too oblique, the quantity of reflected

light is so much augmented that more is lost in vivacity of color by the reflec-

tion, than is gained by the perfection of tlie polarization. There is, therefore,

an angle at which the polarized ray gives a maximum of the image; that point

passed, the ray still gains in polarization, but loses considerably in l)rightnes3.

It is thought by most authors that this maxinuun is obtained w-hen 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 incidence of 35°* It is in fact under
this angle that wo obtain the maximum of absolute, Imt not of relative j^olsii'i-

zation.

This is the angle also that Peltier has taken as being that which gives the

maximum blue. T confess, however, that it has a2)peared to me that we should

still gain by continuing to incline the pile. We lose, it is true, a little in light,

but to me it has seemed that the blue tint became more pronounced. I think

that the angle 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 ofpolar imetru.—We now" pass to polarimetry. In researches

on this subject, the observer is always supposed at the centre of a sphere of

which the sun is one of the poles and the anti-sun the other. This sphere has

its meridian and its equator, endowed with the properties which characterize

those great circles.

AVe will suppose, then, the axis of the objective tube to be in the plane of

the meridian, the 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,

3,nd 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

image 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 the 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 new
polarized rays is perpendicular to the jdano of polarization of the preceding;
consequently it is no longer the extraordinary image which is colored blue; it is

the ordinary image.

This singular change in the plane of polarization of the reflected rays results

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 rectanga-

* Peclet, Traits dc Physique, $ 1439, p. 447.
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larly, for sucli rays conduct tliemselvcs like the rays of natural light. ]\I. Arago

has'remarked, moreover, that this point does not always correspond to tlie ver-

tical plane passing by the sun, but that it is sometimes found diverted to the

rio-ht 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

difiused vapors, or from the neighl>orhood 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 3IM. Quetelet and Delezenne.* It may be stated, however, that a second

neutral point has been found l»y M. P)al)inet, about 30° above the setting sun,

and a third by Mr Brewster, below the setting sun ; but these two neutral points

are rather ditiicult to be observed. All these neutral points, it may be added,

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 presented itself perpendicularly to the incident ray. If during the move-

ment connnunicated 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 inclined 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 be perpendicular 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 rays of the atmosphere ; in the second, on the contrary, it adds new polar-

ized rays to those 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 plane, ami that the pile also be in the same

plane, and thus presents itself perpendicularly to the incident rays ; if now we
flirect the instrument in succession to all points of the equator, from the maxi-

mum 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 blue

;

moreover that it preserves the same intensity in the whole line of the equatorial

circle; onlv in approaching the horizon, the tint becomes a little weakened,

through the vapors diffused in the strata of air very near the surface of the globe.

We have supposed the pile in the plane of the eijuator and perpendicular 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 inclina-

tion depolarizes the atmospheric rays and renders the iuiages colorless.

Thus in the two great rectangular circles which we have been considering,

one forming the meridian of the optical sjjhere and the other its equator, the

extraordinary ray is blue, the ordinary ray has 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 the rising or setting of the sun,

it will be 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 till

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.

* Sec the Correspondance Muthimalique de M. Quetelet, t. 1, pp. 275 and 333.
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From tlie above, it is seen tliat tlio 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 angle of maximum polarization for the air is precisely at 4o°.

If we look with the objective tube of the polarimeter towards a point of the

heavens situated outside of the o})tical 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 indi-

cates an equivalent change in the plane of the reflector or polarizer. To 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 prism in the same relation that it had with the plane

of the polarized ray befoi-e this deviation of the reflector; we therefore turn the

ocular tube which bears the bi-refracting prism, until we shall have recovered

the blue ; then we carefully note the number of degrees by which it has been
turned, for it is this notation which gives the position of the plane of polariza-

tion in the point of the atmosphere which w'e may be studying. Unluckily, the

rotation which has been communicated to the ocular to restore the blue of the

extraordinary image, has at the same time destroyed the blue of the ordinary

image which proceeds from the pile and from the other lamina of quartz—that is

to say, the blue which is to serve as a point of comparison ; it was requisite,

therefore, to find the means of reproducing the normal blae of the ordinary

image.

To attain this result, Peltier covered the cap of the left and his lamina of

quartz with another cap, turning with easy friction. In this new cap he set a

lamina of mica of a thickness sufficient to restore to the image its normal blue by
turning the cap on itself, and placing by this means the principal section of the

lamina of mica in the plane necessary to obtain this restoration of the blue.

V.

—

Meteorology.

Intwdiicfion.—Astronomical and meteorological phenomena are, beyond ques-

tion, the first which must have attracted the attention of man. The diurnal

movement of the sun, its annual movement and the periodical return of the

seasons, must have so much the more interested him as they bore directly on his

existence and his material well-being. On the other hand, the astounding spec-

tacle of storms, the lightning and the thunder, could as little fail strongly to

impress his imagination. Everytliing, therefore, would lead us to conclude
that, from the earliest times, mankind have been seriously occupied with the

study of the different phenomena of astronomy and meteorology.

But if these two sciences were born at the same time, they are far from liaving

made the same progress. Astronomy has long ago attained a certainty so 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 bodies arc?

sulijected to a small number of very simple laws, always identical ; meteorolo-
gical phenomena, on the contrary, are generated l)y the action of a host of dif-

ferent causes, all widely diverse, and highly variable as to their nature, their

mode of action, their power and their mutual influence. But this is not all : to

arrive at the point it has attained, astronomy has had to ask little succor from
the other sciences ; it has, in some sort, had need only of direct observation for

the registration of facts, 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 law's of jdiysics to a par-

ticular class of phenomena, and could not exist in an independent manner

;

meteorology, tlierefore, could make no real progress until other sciences, and
especially physics, were sufficiently advanced to constitute a satisfactory body of

13 s
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doctrines. Now, the must important part of physics for meteorology, electricity,

dates back scarcely a centnry. The discovery gf the Leyden jar by Musschen-

broeck and Cuneus dates from 1746, the experiments of JJalibard and of Frank-

lin from 1752 ; what could meteorology be before that epoch ? Evidently it

couhl 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 muids ; 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-

nomena on the other ; a great number of savants devoted themselves to the

study of atmospheric electricity, and if the results at which they anived had

not at lirst all the precision that might bo 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 Leraonnier, llonayne, Read, Schiibler, made
use, by preference, of fixed apparatus, while others, like Romas, the prince

Galitzin, Musschenbroeck, Van Swinden, the duke de 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, Schiib-

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.
Pouillet. These experiments consisted in projecting water on a body raised to

a high tehiperature ; 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 formed, almost always j'ields 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

expei'iment of Pouillet, and he 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 tem|X!rature the instruments can no longer collect an}^,

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 tlie surface of the soil, possess any con-

siderable tension ; hence spontaneous evaporation gives no electrical signs,

unless under circumstances wholly peculiar.

Spontaneous evaporation being incapal)le of communicating electricity to

vapors, and those of the atmosphere containing considerable quantities of it,

Peltier felt engaged to seek the true origin of that electricity. He recurred,

therefore, to an old experiment of Saussure and Ermann, which in their hands

had been barren of results ? and as this experiment may be considered as the

* See the note of Peltier contained in V Institut, vol. ix, p. 31 ; and his memoir on atrno-

Epkcric electricity, Ann. de Chim. et de pliys., 3 series iv, p. 383.
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fundamental l;)asis of all meteorology, we judge projjer to recite it here witli

some details.

A place is selected perfectly imcovered and commanding all the environing

objects ; an electroscope is to be taken furnished with a stem of about foiu*

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

instrunient is to be held with one hand, the equilibrium to be managed with the

other, in jiutting in communication the stem and the foot. All the reac-

tions being equal on one part and the other, the gold leaves of the electroscope

fall sti'aight and mark zero. In this state of equilibrium the instrument may
be 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 agitated ; 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-

tum 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 be
replaced at the 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
they are charged with resinous electricity. On raising it again to the point of

departure the instrument resumes its zero, and retains nothing of the free elec-

tricities which it has for an instant shown.

Since no free electricity has remained in the instrument the air has of course

communicated nothing to it, and the electrical signs which the instrument had
presented proceeded only from the electricity developed in its interior by the

influence of a neighboring body in proportion as it was brought nearer to or

removed further from it, by elevating the instrument above the point where it

had been in equilibrium or depressing it below that point : it suffices, in effect,

to replace the instrument at the 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 Avith free electricity, a phenomenon which may be reproduced in the

closet by jdacing one's self on a resinous or a vitreous sm-face. The 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 the earth. In the

fii'st 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 the terminal ball to

the celestial space or to the vitreous body. This latter then acts with more effi-

cacy ; it decomposes a portion of the natm'al electricity of the ball, attracts the

resinous 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 raise it to a greater height, the

foot of the instrument, forming with the arm which lifts it the extremity of a
point more elevated and conducting, becomes charged thereby with a more con-

siderable resinous tension ; the resinous electricity thus accumulated in the pla-

tina and in the armatures acts now with more force, deconqioses the' natural

electricity of the upper part of the instiimient, repels the resinous in the termi-

nal metallic globe, and attracts the vitreous in the gold leaves which diverge.

As may be seen, these two interpretations end in the same result ; l)ut, accord-

ing to the ideas of Peltier on electricit}-, the last alone is logical and admissible.

Peltier may be considered as the founder of meteorology. No doubt, before

him, a great number of distinguished savants had occupied themselves with this

branch of knowledge ; among the more recent it might suffice to mention
MM. de Ilumboldt, Boussingault, Kaemtz, Quetelet, Lament, Arago, Gasparin,

&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 Leen able to draw any
general conclusion, to deduce any law from their ol)sei"\'ations. There had been,

unquestionably, meteorological observations at once curious, interesting and
exact ; there had been, indeed, a great number of them ; but as nothing con-

necte(l, co-ordinated, concatenated them with one another, meteorology as a sci-

ence did not yet exist ; it was Peltier who founded it, for it was he who first

stated its laws ; of this the reader will be convinced by a perusal of the sum-

mary review which we jjropose to give of the discoveries and ideas of Peltier

on this subject, based on his published researches.*

The principal works of Peltier on meteorology are the following : first, his

Traite dcs troiitbcs, (on water-spouts,) published in 1840 ; his memoir on the

electricity of the atmosphere, published in 1842 in the Annales de Chimic et de

Pki/siquc, (3d series, vol. iv, p. 385 ;) his memoir on fogs, which may be found

in the 15th volume of the Mcmoires de VAcademle de Bruxelles, and has been

reproduced in the Annales de Cli. et de Physique, vol. vi, p. 129 ; his writings

on electric metcorologij, printed in the Archives d^Elcctricife de Geneve, 1844, vol.

iv, p. 173 ; finally, his great memoir on barometric variations, published in vol-

ume 18th of the Menioires de VAcademie de Bruxelles. To these should be added
certain articles of the Dictiounaire Universel des Sciences Naturelles (etoiles

filantes, foudre, galvanism, grele, &c.,) and many other less important commu-
nications, composed in the foiui of letters, whether to the Academy of Sciences

of Paris or to the Societe Fhilumatiqne.

Distribution of diurnal ra2Jors under the douhle influence of the earth and the

tropical current.—The diurnal 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 The lowest, that which receives most

immediately the resinous influence of the globe, becomes vitreous. The portion

next to the smface cannot, it is true, long retain its electricity, for the proximity

of the earth too greatly facilitates its efllux ; it is only the zime placed at some
distance which is sufficiently insulated to preserve a part of its own. The infe-

rior vapors, in assuming the globular fomi, 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 al)ove downwards the resinous electricity of the diurnal vapors, as

the earth repels it from 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 vapors assume a tint of glow-

ing white, and form the Ijcautiful cumulus or brilliant cirrus which appears at a

great elevation. The vapors which receive the resinous electricity, repelled

from above downwards by the tropical current and from below iq3wards by the

earth, extend in large, slaty bands which can acquire no great thickness, since

they are confined by these two antagonistic forces. In a word, the 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 the 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 tlie reader must be left, therefore, in a measure to his own surmise as regards the degree

in which filial veneratiou may have prompted the absolute claim here advanced on behalt

of P(!ltier to be regarded as the founder of meteorological science.

—

Tr.
t Peltier, Mcmoire de Mtteorologie £lcctrique ; Arcliices d'Electricilede Gendvc, 1844, vol.

iv, No. J 4.

<
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Tlie succession of electrical signs is accordingly as follows : the earth is res-

inous ; the inferior vapors which give rise to the white mists ai"e vitreous ; tho

middle vapors, which produce by their condensation the large, slate-gray strata,

are resinous ; the superior vapors, which in their turn generate the volaminoua
white cumulus, are vitreous ; and, finally, the tropical current which overtops

the whole is again resinoiis, like the earth.

In a medium so movable as the air, and subject, moreover, to so many differ-

ent influences, this triple distribution has stability only for. the succession of

vapois in time and space, and not for those which, at a given moment, form the
triple superposition. We have before said that the inferior vapors retained but
for a short time their vitreous electricity, and that they quickly resolved them-
selves into drizzling rain ; but that is not all. When, through the lowering of

the temperature, the vapors have ceased to ascend and to thus feed the superior

zone, the cumulus which is suspended therein disappears by degrees under the

form of elastic vapors. This new transformation is effected so much the more
rajiidly as the air at that altitude is drier, and as the electric action of the trop-

ical current is more intense.

The inferior vitreous vapors, those which presented themselves under the fonn
of mist or fog, being resolved into drizzle or dew, the visible, superior, vitreous

vapors, those which presented themselves under the form of cunmlus, having
returned to the state of elastic vapors, there remains in the atmosphere nothing
but the intermediate vapors, which ai'e alone seen at evening and at night,

extended in long, ojiaque curtains, forming clouds of a slaty gray. SuiToundecl

by an electricity of the same natui'e as the globe and the tropical current, the

repulsion which these clouds encounter on each side retards their re-vaporization
;

they repass into the state of elastic vapors only when, notwithstanding the

re-vaporization of the white and vitreous clouds, the air is still far from satura-

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. Hence it often happens that we still see, the next morning, portions of

these graj'ish strata not re-vaporized, and which present themselves under the

form of dark spots, or even extensive black bands, strongly relieved by their

deep color in the midst of the ruddy hues of the dawn.
On the influence of hydro-meteors on the distribution of temperature at the sur-

face of the ground.—The temperature of a place depends not alone on its lati-

tude ,- it depends also on its longitude. Thus Eastport, in America, and Stock-

holm, in Sweden, have a mean temparature of about 5°.o, and yet their latitude

differs by 14 degrees. New York and Naples are in the same latitude, but the

mean temperature of winter at Naples is 9°.9, while that of New York is—1°.20,

the difference being 11.1 degrees.

By uniting by lines all the points for which the mean temperature is the same,

we obtain curves which Humboldt first traced on maps, and which are desig-

nated under the name of isothermal curves. These lines are very far from furm-

ing parallels with the equator : thus the isothermal line of 10° passes successively

by Fort George, (10°.l); bv Erasmus Hall, near New York, (10°. 7); bv Dublin,

(9°.56) ; bv London, (10.4) • byHarlem,(10°.0); andbyOdessa, (9°.8G);' that is to

say, by 46°.18 of north latitude; 40°.37 ; 53°.21; 5i°.31 ; 52°.23; and 4G°.2S.

The extent of the divergence is therefore about 13°. From this Ave 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 effect,

contribute then* action.

The trade winds impelling towards the equator masses of air proceeding from
high latitudes, refresh the intertropical regions. On the contrary, the warm
wind of the southwest, which proceeds from the equator and which sinks

towards the earth in proportion as it advances nearer the poles, communicates to

the regions which it touches a portion of its heat and moderates the rigor of
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tlseir climate. Hence, for the equator, calculation gives stronger temperatures

than those realized by direct oLservatietn. In liigber latitudes, on the contrary,

the values to which it leads us are too small. These two results are satisfacto-

rily exjilained liy 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 cuiTcnts 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 powder to explain the great difl'erences which are sometimes observed

between localities, although in near proximity. They cannot especially explain

the constant decrement of temperatm'o in the different localities of Europe and

of central Asia, in proportion as we advance into the interior of the land.

If we dcpait from the western coast of Europe and proceed direptly towards

the east, always advancing under the same latitude, we shall observe the follow-

ing mete(jrological phenomena : 1. In proportion as we advance towards the

east, the mean temperatures of the year continue to become progressively lower

at the })laces 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 be 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 cast. 3. Finally, it will be observed 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 found

that in proceeding towards the east the quantity of water which hills in winter

becomes a fraction less and less considerable of the whole quantity.

These three facts, namely, the 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

:

3Iean temx^trature of winter for one and tJie same parallel at different longitudes.

Names of localities.

Edinburgh ,

Copenhagen
Tilsit

Moscow
Kazan
Isle of Man.
Cuxhaven ,.

Stralsund...

Dautzig
Konigsberg.
WiJua

Latitude.

55
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We will cite further as extreme points the islands of Feroe and lakoutsk :

KamcB of localities.

Thorshaven
lakoatsk

Longitude cast

of Paris.

G2 2
62 1

8 30 W.
127 24 E.

Mean temperature of
winter in Centigrade
degrees.

+ 4 3
—38 9

It has been our purpose, as far as possible, to introduce into these tables only-

places of little elevation above the level of the sea ; so that, in effect, there v/erc 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 lakoutsk

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 dimi-

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 difi'erent countries of Europe, we have the

following: table

:

Number of days of rain in different regions of Europe.

Names of regions.
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For furtlier details ou this subject recourse may be had to the great treatise on
meteorology of Kaemtz, in 3 volumes, pp. 450, 500 ; the smaller treatise on
meteorology by the same author, translated, with notes by Ch. Martins, p. 138
and seq.; the memoirs of Gasparin on the distribution of rains in Europe,
fBihliotheque UnkcrseUe, t. 38, pp. 54 and 264 ;) and the Atlas PJii/siqfte of

Bergliaus, charts 10 and 12 of the meteorology, p. 19 and seq. of the test.

The 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 Ijond 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 rain3% The clouds are formed of globules of transparent vapor and of

globules of opaque vapor, b(jth kept apart by the latent caloric and the 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. The globules of transparent vapor

approach one another, are condensed, and transfomied into opaque vapors ; the

glol)ules of opaque vapor, for the same reason, pass into a liquid state, the dens-

ity of the cloud, its specific gravity, is augmented, the cloud sinks and falls on
the earth in the form of rain. On arriving at the surface the cloud disengages

the latent heat it possessed, and thus the soil, as well as the ambient air, is ren-

dered warm.
The quantity of rain which falls annually is naturally, all else being equal,

more abundant in western Emope 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, in a manner
more or less indirect, their precipitation. When this cun-ent from the switliwest

reaches Germany it is already deprived of a great part of its vapors. When it

arrives in Russia, there remains still less of them ; finally, in Siberia there is

scarcely any at all remaining. It thus appears that the quantity of water which

falls in a year must continue always diminishing as we penetrate into the interior

of the continent ; it is evident, consequently, that the quantity of latent heat

abandoned by the clouds must also progressively diminish, and that the tempera-

ture must undergo a corresponding abatement. These facts are more marked in

winter than at any other season, because then the wind from the southwest brings

a less quantity of vapors, while these are less elevated and consequently termi-

nate at lower latitudes. Another cause, moreover, coucm-s in augmenting the

asperity of the cold in the interior of Eussia : 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 be colder, all else being equal,

than a locality situated to the west. The chain of mountains in effect, by pre-

cipitating a great quantity of vapors, must have abstracted a considerable por-

tion of the latent heat, which is hence naturally in deficiency on the other side

;

moreover, if these places are 'situated in a latitude somewhat high, where the

clouds are akeady very low, this effect will be still more decided. This in

reality is what occurs as respects Sweden and Norway in reference to the Scan-

dinavian Alps. We may cite as an example Drontheim in Norway, and Umeo
on the Gulf of Bothnia, in Sweden, (see VlnstiUd of 18th February, 1846, p 61,

the connnunication of M. Martins.) These two cities are nearly in the same

latitudes and yet the mean temperature of Drontheim during winter is — 4°.75^

while that of *Umeo is—10°.2, a difference of 5°.45.
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The same fact is ohserved, if we compare together Bergen and Stocliliolm.

Bergen is in 60° 23' north latitude, and west of the Scandinavian Alps ; Stock-

holm is in 59° 20', and east of that chain of mountains. Bergen is therefore one
degree further north than Stockholm, and yet the mean temperature of winter

at Bergen is +0°.79, while at Stockholm it is — 3°.61, a dilference of 4°. 4. Besides

this, the quantity of water w^iich 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 the year is but about 520 millimetres, and the

fall in winter 76. In the latter place, then, there falls in winter about eight

times 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, while at Stockholm there falls but 14.8. These two jdaces, there-

fore, fully confirm the facts which we have above indicated, and lend their sup-

port to the explanation which we have given.

Hydrometeors influence also the mean temperature of summer ; in general,

when we penetrate into the interior of Europe, pursuing always the same line of

latitude, the mean temperature of summer will be found progressively growing
higher ; the ditference, however, being not so great as for the winter, and in the

inverse direction. 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 the countries situated in the interior of the con-

tinent in the same latitude. Hence the climates have been distinguished as
equal or marine climates, and continental or excessive climates.

If the explanation which we have given of the inclination of the isothennal

lines towards the equator in the interior of the continent be true, it is evident

that the isochimenal lines {Itrng equal, ystpiuv winter) should, for a certain extent

of their course, be perpendicular, or nearly so, to the direction of the southwest
wind—that is to say, to the direction of the wind pre-eminently a rainy one.

Now this is in reality the case. The number of observations is not yet suffi-

ciently great to enable us to trace these curves with exactness ; but they suffice

to show the general direction of several of them. If we take, for instance, the
localities at which the mean temperature of winter varies between —1° and
— 1° 5, we find that this isochimenal line passes successively by Odessa, Dant-
wig, Lund in Denmark and Ullensvang in Norway. This curve extends,

therefore, in latitude from 46° 28 to 60° 20 ; it thus traverses 14 degrees of lati-

tude and is almost perfectly perpendicular to the direction of the southwest wind.

The same is very nearly the case witli other isochimenal curves ; they all decline

strongly towards the south in proportion as they withdraw from the westeni coast

of Europe in advancing eastwardl}' into the interior of the continent.

It may be proper in addition to cite Venice, Paris, and Edinburgh ; the first is

situated in 45° 26 of latitude, the second in 48° 50, the third in 55° 51. Now, in

these three cities the mean temperature of winter is very nearly the same; at

Venice and Paris it is -j-3° 3, and at Edinburgh +3° 6.

Sometimes, as the sequel of abundant rains, and especially tempestuous rains,

a decided lowering of the temperature is observed. This fact, at first glance,
seems in contradiction Avith the theory of isothermal cm'ves which we have pro-

pounded; yet it is by no means so. Almost always after a storm the sky grows
clear, if oidy for a few hours; the air of the middle and interior regions, unbur-
dened of the great masses of vapor which have been precipitated in the form of
rain, then presents a certain degree of relative dryness ; the earth, on the con-

trary, is soaked with rain ; there takes place, therefore, at its surface an extremely
abundant evaporation, which withdraws in a few instants a consideral)le quan-
tity of heat from the earth and the air in contact with it. It is this subtraction

of caloric which pri>duces the cold in question.

The temperature indicated by the thermometer, moreover, is not always in accord-
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ancewitli the sensation experienced by living beings. Often, in fact, individuals

realize a mucli sharper cold or intense heat than the thennometer seems to verify

;

this depends evidently on the hygrometric condition of the air. In its natural

state tlie 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 be no
evaporation on the surtace, 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 are 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 those clouds pass above naked
and woodless mountains, inasmuch as the mountains more nearly approach

them, the action in question is more e|ficacious, 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 contrar3^ 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 elc'ctricity 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, Avere kept at distance by
two forces, heat and electricity ; that all the phenomena which dimji^iished by
their action one or the other of these two forces, induced indirectly the con-

densation of the vapors, and consequently thq 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 l)y the trees, which furnish thousands of points,

and neutralizes a part of the resinous electricity of the super-jacent masses of

vapor. The vapors, being less repelled, draw together and are condenses], 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 mountains 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 woodfd moun-
tains, on the contrary, the rains are gentle and continuous. From this we may
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.



THE ROYAL INSTITUTION^ OF GREAT BRITAIN.

By Ed. Mailly.

[translated by C. a. ALEXANDER FOR THE SMITHSONIAN INSTITUTION.*]

I. ComiT RUMFORD, PRINCIPAL FOITNDER OF THE ROYAL INSTITUTION.

^^ " The Royal Institution of London," says Cuvier, in his Eloge lustorique of

Count Rumford, "enjoys an unsurpassed reputation as an establishment for pro-

moting the progress of the sciences and their application to public utility." In
proceeding to give some account of the Institution, it is deemed proper to prefix

a few words respecting the distinguished man to whom it was chiefly indebted

for its origin.

Benjamin Thompson, afterwaiTls known as Count Rumford, was born in 1753,
in tlie English colonies of North America, at a place then called Rumford, but
now Concord. Devoted at an early age to the study of sciencp, he adopted the

profession of teacher for a livelihood, but, by an advantageous marriage, when
scarcely more than 19 years old, he secured for himself entire independence in

his 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-

tions of family and personal predilection to take the part of the royal govern-
ment. He served with courage and address, and after the evacuation of Boston
by the British troops in 1776, was sent with important despatches to London,
where he acquired the confidence of Lord George Germaine, secretary of state

for the colonies, and was by him attached to that department of tlie public ser-

"^ce. 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 solicitude and
activity, continuing to accumulate, the young minister ''felt that he could not
serve with honor a sinking cause, without serving it at the peril of his life." t

Having raised a regiment of dragoons in America, he proceeded to take command
of it and distinguished liimself in several affairs. At the cessation of hostilities,

he returned to England and was knighted by the King, eventually obtaining

permission to enter the service of Charles Theodore, elector of Bavaria, by whom
he was soon received into favor.

Sir Benjamin Thompson (which was the title he bore on his an'ival at JMunich,

in 1784) became successively aide-de-camp, cliamberlain, and privy councillor

to the elector ; was created lieutenant general of his armies ; and when, on the

death of the Emperor Joseph II, Cliarles Theodore was called to the fimctions

of vicar of the empire, the latter promptly took advantage of the prerogative

attached to that position to advance his favorite to the dignity of Count, giving
him the title of his native village ih New Hampshire.

Count Rumford passed 14 j'ears at the court of Munich; charged at once with

* From the Annuaire de V Ohservutoire Royal de Bruxelles, par A. ^uetelet, directeur de cet

ttablissement, Sfc, 8\'c.

t G. Cuvier, Moge Historique du Comte de Ruviford.
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tlie administration of war and the direction of the police, he applied himself, on
the one hand, to the melioration of the condition of the soldier, and, on the other,-

to the suppression of mendicity hy organizing a house of labor for the poor. lie

had never lost sight of the sciences, his earliest predilection. liescarches on the

cohesion of bodies and on the force of powder had procured his admission, in 1779,

into the Iloyal Society of London. In his new position he undertook experi-

ments on the nature of heat and light, as well as on the laws of their propaga-

tion, with a view to supplying large assemblages of persons with economical

nourishment, clothing, warmth, and artificial illumination. It is not within the

scope of this paper to discuss these researches of Count Rumford ; they will be

found detailed in his Essays* Suffice it to say that light and heat became the

engrossing subjects of his philoso{)hic attention. Thus we find him, in 179G,

establishing a ])rize at London " for new discoveries tending to the improvement

of the theories regarding fire, heat, light, and colors, and for the inventions mid
processes l)y which the production, preservation, and employment of heat and
light may be facilitated."t

In 1798 he proceeded to London as minister plenipotentiary of the elector

of Bavaria, but was held to be disqualified for fulfilling the functions of that

office by the fact of his being still regarded, in point of law, as a British subject,

and incapal)le, therefore, of representing a foreign power at the British court.

Soon afterwards he learned the death of tlie prince, his benefactor, and, fore-

seeing that he would have scarcely less difficulty in resuming his old than in

exercising his new functions,! he turned with habitual earnestness to other pur-

suits, and, in becoming the principal founder of the Iloyal Institution, of which

his favoiite ideas formed the basis, established one of his best claims to lasting

remembrance.
The latter years of Count Rumford were passed in retirement. In 1802 he

transferred his residence to Paris, where he contracted a second marriage, with

the widow of Lavoisier. This union proved unhappy, and was terminated after

three yeare l)y a private separation. He then retired to a country house at

Auteuil, about four miles from Paris, and there devoted his time to the eml)el-

lishment of his domain, and to the cultivation of chemistry and experimental

philosophy. Here he died, August 21, 1814, at the age of sixty-one years.

II.

—

The first prospectus or the royal institution.

The first meeting of the founders and directors of the Institution took place

the 9th of March, 1799, at the mansion of Sir Joseph Banks, those present

being Sir Joseph, the earls of ]\Iorton and Spencer, Count Rumford, Richard

Clark and Thomas Bernard. Sir Joseph was named president, and Thomas
Bernard secretary. The prospectus of the establishment, for the preparation of

which Count Rumford was designated, bore the following title :
'' Proposals for

forming, by subscription in the metropolis of the British empire, a public

institution for diffiising the knowledge and facilitating the general introduc-

tion of useful mechanical inventions and improvements ; and for teaching, by
courses of i)hilosophical lectures and experiments, the application of science

to the common purposes of life—l)y Benjamin, Count Rumford, F. R. S.," &c.

;

in octavo, 54 pp. ; Cadell & Davies, 1799.

The folhnving extract from the prospectus, given by the BibJiothcque Brlkm-
iqm (sciences and. arts) of Geneva, for the year last mentioned, will convey an
idea of the objects of the new establishment:

When the directors shall have chosen a site, there shall be prepared large and airy apart-

ments to receive and exhibit the mechanical inventions and improvements which seem to

* See also the tllogc by the Baron Cuvier, already referred to.

t See the History of the Royal Society of London. Count Rumford founded a similar prize

at Philadelphia, United States.

t The new elector, Maximilian Joseph, conferred on him a pension of 30,000 francs.
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improvements wliicli seem to merit public attention ; and more especially such

kinds of apparatus as tend to multiply tlie conveniences of life ; to promote

domestic economy; to form tlie taste and facilitate the exercise of useful indus-

try. Efforts shall be made to procure the most perfect models for each object.

The following will deserve particular attention : Chimneys for cottages, with

appropriate utensils ; complete kitchen for a farm-house, with all its furnishings;

complete kitchen, suitable for a family in easy circumstances ; rooms for wash-

ing, drying, and ironing clothes for a rich family or hospital, with boilers and
other necessary utensils; German, Swedish, and Russian stoves for heating

apartments and passages.
'' In order that those who visit the establishment may acquire just ideas of these

different inventions, and of the circumstances which constitute the 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

susceptible of being presented in that form. In the different apartments, chim-

neys contrived on the best principles shall be provided, to serve as models for

constructors, and fires shall be constantly kept burning therein during cold

weather. In the same apartments, models of grates, adapted both for ornament

and economy, shall bo exhibited, as well as models of ornamental stoves, in the

form of elegant chimney-places, for large saloons, dining-rooms, &c.
" It is proposed also to introduce small models (though such still as shall be

capable of being put in operation) of that curious and useful machine, the

steam-engine ; models also of the apparatus for brewing, with improved fur-

naces ; of large stills, with the new condensers ; of extensive ranges for the

kitchens of hospitals and the marine, Avith improved fire-places. Place should

be found likewise for models of ventilators for renewing the air of apartments

and the interior of ships ; of hot-houses, with all the known improvements ; of

lime-kilns of divers construction; of steam-boilers for preparing the food of

domestic animals ; of rustic houses, upon different plans ; of wheels for spinning,

and looms for the production of fabrics especially suited for the poor, and calcu-

lated to furnish them employment at home ;
together with models of all the new

inventions proper to promote the advancement of agriculture ; those of bridges,

constructed on various principles
;
and, in fine, of all that the directors shall

deem deserving of public attention in point of utility and convenience. Each
article shall be accompanied by a detailed description, and exact drawings, and
a designation be given of the name and abode of the artist engaged in its pro-

duction, with the price of his work.
^' In order to realize the second object of the Institution, that, namely, of show-

ing the application of science to the different requirements of life, a course of

public lectures on natural philosophy, accompanied by experiments, shall be

established. For the use of this course there shall be a cabinet of physics and

a laboratory of chemistry.

''Among the different subjects treated of in these lectures, particular attention

should be given to that of heat in its application to the various uses of life;

combustion, and the relative quantities of heat furnished by different combusti-

bles ; the management and economy of fire ; the causes on which depends the

heat of different substances used for clothing : the effects of heat and cold, both

in a stationary and circulating atmospliere, upon the human body, whether in a

state of health or sickness ; the effects of vitiated and confined air on respira-

tion ; the means of rendering ordinary dwellings agreeable and healthy ; the

construction of ice-houses and preservation of ice in summer ; the prevention of

ailments indifferent seasons and climates ; the cooling of liquids wirhout the

use of ice, &c.

"Vegetation and the effects of different manures, with the method of prepar-

ing and adapting the latter to various soils, should receive attention ; also tho

changes which alimentary substances undergo in the different processes of cook-
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ing, as well as in those of digestion ; tlie chemical principles involved in the
tanning of leather, with the olrjects to which artisans, who may seek to perfect

so important a process, should direct their efforts ; the chemical prinicples of the
art of making soap, of bleaching, of dyeing, and, in general, of all the mechan-
ical arts which bear a relation, more or less direct, to manufactures.

'' There shall be five classes of contributors : 1, subscribers at 50 guineas, pay-
able once for all ; 2, subscribers at 10 guineas, likewise pajmble but onco ; 3,

subscribers at two guineas; 4, testators or benefactors; 5, persons who pay the
ticket of admission. Of these, the first class are the proprietors of the estab-

lishment. They 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 BihIiotMque Britannique, "is
calculated to form 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 subscrip-

tion. The first meeting of the proprietors had taken place April 20 previous.

III.

—

Situation of the establishment at the beginning of 1800

—

dk.
GAENETT, THE FIEST PKOFESSOE OF NATURAL PHILOSOPHY.

The charter of the new corporation, wlricli by permission of George III bad
assumed the title of Royal Institution of Great Britain, bears date January 15,
1800. It was published witli a new prospectus, mainly of a descriptive charac-

ter; the indefatigable activity of Count Rumford having hastened the execution
of the ideas contained in his first appeal to the public. It is here'said:

* * * " The tardiness with wliicli improvements of every kind are intro-

duced, even such as are of the most evident utility, is a remarkable fact; it stands

in striking contrast with the avidity of the public in adopting the frivolous

changes created by caprice or folly, and which circulate in society under the

auspices of fashion, * # * The Royal Institution has two principal objects:

one, to spread promptly and introduce into all the ramifications of society a
knowledge of inventions and useful improvements, draA\Ti from the experience

and practice of all nations ; the other, to make known the applications of wliich

scientific discoveries are susceptible, to the advantage of the arts and manufac-
tures of this country, and the augmentation of domestic enjoyment and con-

venience. * * * The directors have pm'chased (June, 1799) a commodious
and spacious edifice on Albemarle street, where large and airy apartments are

in course of preparation for exhibiting such mechanical inventions or improve-
ments as may be tbouglit to merit public attention. Particularly will those

inventions be exemplified which tend to increase domestic comfort and economy,
to improve the taste, or advance the industry directed towards objects of utility.

''An amphitheatre will be arranged for lectures and demonstrations, accom-
panied by a laboratory and complete collection of instruments of experimental
physics and chemistry. This branch of instruction will be confided to savants
of the highest merit. * * * ^ place has been provisionally i)rei)ared in

which tbree courses are given : First, a course of natural philosu})hy on the

principles of astronomy, electricity, magnetism, mechanics, hydrostatics, pneu-
matics, and optics. The meetings take place every Tuesday, at 2 o'clock, and
this course is particularly directed to the instruction and amusement of persons
wlio, without having leisure or opportunity to explore thoroughly these diflerent

branches of natural knowledge, still desire to know whatever most strongly

provokes curiosity. Second, a course of chemistry and its application to the

arts, to manufacttu'es, and the requirements of life. The meetings take place

Wednesdays at 2 o'clock. Third, a complete and scientific course of experi-
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mental physics, in wliich the propositions avo first denionstriitctl mathematically,

afterwards illustrated by experiments, and finally applied to the various uses of

the arts and domestic economy. The 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, under the date of April 1, 1800: ''The course of physics and

of chemistry opened by Dr. Garnett, in the apartments of the Royal Institution,

is followed with the most marked attention by a numerous and distinguished

auditory."

Thomas Garnett was born in 1765 or 1166, at Casterton, in Westmoreland.

He received the degree of doctor of medicine at Edinburgh, in 1788, and prac-

ticed his art successfully at London, at Bradford, 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. Garnett 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.

—

The situation of the establishment in mat, 1801, and april, 1802,

To M. Pictet, one of the editors of the Bibliofheque Britannique, who visited

London in 1801, we owe the following notices of a report made by Count Rum-
ford to the directors and visitors of the Institution, in the month of ]May in that

year

:

'^ The sums subscribed for the execution of the proposed plans amount at

present to 6623,000, without comprising c£7,000 generously offered by a small

number of the proprietors (which subvention will, however, not be needed) to

supply deficiencies in the cost of new buildings. Those already acquired are

very extensive. The ground on which the principal edifice stands was originally

occupied by foru' private dwellings, and the location is central to that part of

London to whose inhabitants the establishment most naturally appeals for an

enlightened interest, (Albemarle street, Piccaditly.) Professors and demonstra-

tors in physics, chemistry, and mechanics have been engaged* and lectures are

given in two spacious amphitheatres, one of which will contain 300, the other

900 persons. An ample laboratory having been provided, a manager and opera-

tor have been nominated, and negotiations are on foot with a skilful German
chemist to serve as assistant to those two individuals. Shops for the construction

of models, furnished with the most complete assortment of tools that could be
procured, have been placed in order, under a master-workman, who will have

charge 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
still another in sheet iron. To these will be added a brick maker and mason,

who will be instructed and rendered competent to instruct other workmen in the

art of constructing chimneys, ovens, furnaces, &c., upon the principles recently

applied to the management of fire and the economy of fuel.

" There has been established in the apartment of the janitor a complete kitchen

suitable for a family of small means, with an oven for roasting of the most sim-

ple 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 proposed also to establish a principal kitchen, which shall be rendered as

complete as possible in every particular. It will include ovens for baking, others

for roasting, steam boilers of every construction; and in order that everyone
may leam 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
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it. And in order tliat the proprietors and subscribers may be enabled to judge,

by experience, of the merit of such or encli method of cooking, or of any new
viand which may be suggested, a dining-i'oom has been provided at the Institu-

tion, ia which the directors will, fi'om time to time, prescribe experimental din-

ners, of which the proprietors and subscribers shall be invited to partake, the

whole at the expense of the guests.

" A conversation-saloon has heen provided. * * * One of the divisions on
the ground floor has been assigned for a printing-office, which pertains exclu-

sively to the Institution. It is particularly designed for printing its journals,*

which will prol)ably 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 eveiything 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 industr}', bearing on
objects of practical and immediate utility, it has been decided to introduce

nothing which has reference to the three teamed professions : theology, law, and
medicine.

"A department will shortly be arranged for the accommodation of 18 or 20
young persons destined for dillerent mechanical professions. An evening school

will be established with this view, in which will be taught the art of designing,

practical geometry, and the elements of mathematics."

We are indebted to the BibliofJieque Britannique (vol. xx, 1802) for the state-

ments which follow, taken from the report of Count Rumford, April 26, 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 neither echo nor resonance is remarked when a
high tone is employed. Light is admitted from al)ove l)y means of a cylindrical

lantern of double glass, and complete obscurity is obtained b}- lowering the

movable top of this lantern to the level of the ceiling. The saloon 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 15 feet in width. Eleven ranges of

seats ascend from the floor to a gallery which contains three additional ranges.

The amphitheatre is warmed in winter by steam, which is made to circulate in

tubes of copper conducted under the first range of benches. * * * 'T\\e

depot of models is a saloon 44 feet long by 33 wide, and comprises a large num-
ber of new and useful mechanical inventions. * * * The chemical laltora-

tory is finished, as are likewise the workshops, which are all in activity. The
great kitchen is in operation, and is furnished with a complete Itattery. * *

The price of subscription has been considerably advanced, so that while the

expenditure amounts to but c£3,894, (97,350 francs,) the receipts have risen to

d£S,484, (212,000 francs.) The Royal Institution may thus be considered as

completed and firmly established."

V.

—

The engagement of humpheet datt.

From what has been said above, we ma}' form an exact idea of the plan which

had been proposed by Count Rumford in creating the Royal Institution. This

plan, however, was destined soon to undergo essential modiiications, and nothing

more greatly contril)uted to the change than the engagement of Humphrey
Davy by Rumford himself.

Mr. Underwood and Dr. Hope (their names deserve commemoration) having

spoken in the most eulogistic terms of the j'oung chemist of Penzance, Count
Rumford entered into negotiations with Davy in January, 1801, and, 16th Feb-

*"Journals of the Royal Institution of Great Britain.
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rnary 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 join'nals of the establishment. The pro-

ceedings of the directors import that he should be allowed to occupy a room in

the house, be furnished with coals and candles, and be paid a salary of 100

guineas a year.*

Davy arrived in London the 11th of IMarch. His first lecture completely

justilied the expectations of his patrons, nor was he long in becoming extremely

])opular through his natural eloquence, his chemical acquirements, and the suc-

cess which crowned all his experiments. His first interview with Rumford, it

w ould 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 affability, became
more frozen than usual ; it was with difficulty that Davy obtained leave to give,

in a private apartment of the house, a few lectures on the properties of gases

;

but he needed nothing more. "From the first, the variety of his ideas, their

ingenious combinations, the warmth, the vivacity, the perspicuity, even the 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,

enchanted the small number of those who had ventured to come and hear him.

With so much enthusiasm did they speak of him that at the second lecture the

room which had been assigned him could not contain the throng which presented

itself, and it was necessary to transfer his course to the great amphitheatre of

the estal)lishment. The youthfulness of a jJi'ofessor just emerging from adoles-

cence, his handsome face, his ingenuous manner, scarceh' contributed less than

his eloquence to conciliate affection." (Cuvier, Eloge llistoriqtie, dc.)

Davy (born December 17, 177S, at Penzance, a small town of Cornwall) was
then 22 years of age. Son of a carver in wood, he had early entered, as appren-

tice, the office of a skilful surgeon of his native place, who at the same time con-

ducted a pharaiaceutical establishment. It was Davy's intention to become a

physician, but the plan of study which he had traced for himself embraced seven

languages, from English to Hebrew, and all the moral and physical sciences,

from theology and astronomy to rhetoric and mechanics. It is somewhat remark-

able that he does not seem to have seriously occupied himself with clieniistry

until he had attained his 19th year. From that time he devoted himself to it

with all the ardor of his temperament ; and his eldest sister, who lent her services

to assist him, well remembered the damage sustained by her dresses from corro-

sive substances. (Paris, Life of Davy.)
His resources were very limited, like those of Priestle}' and Scheele at their

entrance upon the game career. His apparatus consisted principally of phials,

wine glasses, tea cups, tobacco pipes, and earthen pipkins, and his materials

were chiefly the mineral acids, the alkalies, and some other articles of which use

is made in medicine. He commenced his experiments in his sleeping-room, and
when he had need of fire, descended with his vessels to the kitchen. (Memoirs

of the Life of Sir Uumphrey Davy^ by his brother, John Davy, London, 183G.)

A shipwreck w-hich occurred on the coast procured him some unexpected resources.

He had the good luck to lay hands on a box of surgical instruments. Among
them there liappened to be a common syringe ; of this he constructed an air

pump !
'' During his whole life," says Cuvier, '^ he continued to make use of

everything that came to hand in the service of his researches ; ajul the sim-

plicity of his apparatus was not less remarkable than the originality of his

experiments and the elevation of his views."

*lt was tho iutentiou of Count Rumford to try Davy as professor, and to {?i\e Lim tlie

succession of Dr. Garuett, whose services the Institution was on the point of losing. " Lit-

tle accommodating in his disposition, Count Rumford had already broken with his professor

of chemistry, Dr. Garuett." (G. Cuvier, Eloge Historique da Sir Iluinp/trcy Durij.)

14 s
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Dr. Beddoes, having founded at Bristol an establisbmcnt (the Pneumatic Insti-

tution) \\here the therapeutic properties of the gases might be carefully studied

and turned to account, had need of an assistant. On the recommendation of

Davies Gilliert (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.

—

The first course op 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 he there attained as professor. His lectures took place on Thursdaj's 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 heat or caloric; (2) of light; (3) of electrical

influence; (4) of galvanism. The third part treats: (1) of agriculture; (2) of

tanning; (3) of bleaching
; (4) of dyeing; (5) of metallurgy

; (6) of the man-
ufacture of glass and porcelain; (7) of the preparation of solid and liquid ali-

ments
; (8) of the emploj'ment oi^ artificial heat and light.

Nominated to the incumbency of the chair of chemistry May 31, 1802, Davy
resigned it April 5, 1813. He 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. Apreece, a union which made him master of a large for-

tune. He had shed great lustre on the Royal Institution, at the same time that

lie 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 Cuvier, " 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 Institution 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 philosojjhy of flame. The electric battery with which the

scjiaration of potassium and of sodium was effected, and which is still preserved

in the cstaldishmcnt with other apparatus used by I)avy, consisted of three bat-

teries conil)incd, one of 24 square plates of copper and zinc, of 12 inches to the

side, anotiier 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 Sijlliibiis of a Course of Lectures on Clieinistry, delivered at the Royal Institution of
Gnat Britain, by II. Davy, professor of chemistry, pp. 91, octavo, Londou, Cadell &,

Davies, 18U2.
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his doliglit, and began dancing around the room in a transport of joy, and it

was some time before he recovered sufficient composure to continue the experi-

ment.'' The directors and principal members of the institution afterwards

caused a galvanic batter\' of 600 pairs of four-inch plates to be constructed,

and this again was replaced by a battery of 2,000 pairs. This powerful artil-

lery was directed against the earths, and the new metals received the names of

barium, strontinm, 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
wrote to his brother at the time of his maiTiage, " 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 1S18, three years

after the discovery of the safety-lamp,* and died at Geneva May 29, 1829.

VII.—NoirixATioN or dk. young to the chair or natural philosopht.

Towards the close of ISOl the directors of the RoA^al Institution nominated
to the chair of natural jihilosophy (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 he
could recite from memory a great number of English writers and even Latin

poems, of which, however, he understood not a word. From nine to fourteen

he learned, besides Greek and Latin, the French, Italian, Hebrew, Persic, 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 Paris, whose contents he was desirous of knowing ; Hebrew, in order to read

the Bible in the original ; Persic and Arabic, with a view to the decision of

the question, which had arisen in a conversation at table, whether differences exist

between the oriental languages as marked as those which exist between European
languages." (Arago, Biography of Thomas Young.) His passion for knowl-
edge was unbounded, and no obstacles stopped him in its pursuit. Having seen

a laud-surveyor at work, when he was scarcely eight j^ears 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, he con-

ceives an ardent taste for botany, and undertakes to construct a microscope.

For that purpose he must fii'st know the theory of the instrument ; and, as he
has at hand nothing but a book bristling with anal3-tic formulas, he sttulies

the differential calculus in order to comprehend it, and, between times, acquires

great skill in the art of turnery. His favorite maxim was, tliat ever)/ man ma>/

do what any other man has done. While he was prosecuting his medical studies

in Edinburgh, which had been commenced in London, he acquired so much
skill in funambulism as to compete with a famous professor of the art ; and at

Gottingen, where ho passed nine months, and where he received the degree of

doctor of medicine, he attained extraordinary dexterit}' as a vaultcr on horse-

back. Profoundly versed in the theory of music, he also cultivated his powers

* See the History of the Royal Society of London, wlieve will be found other details respect-
ing Davy, aud, among the rest, respecting the mortiiieatiun which he sustained in relation

to certain means he had proposed for preventing the corrosion of the copper with whicii ves-

sels are lined. I add an extract from a letter, which he wrote on ihis occasion to Mr. Chil-

dren : "A mind of much sensibility might be disgusted, aud one might be led to say : Why
labor for the public interest, when the sole recompense is abuse ? They have irritated me
more than I should have been, but I become wiser day by day, calling to remembrance
Galileo aud 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 sucli an extent tliat Arago says of liirn in tlie biogi'apLy before

cited :
" Of all known instruments, including' even the Scotch bagpipe, it

seems certain that there were but two on which he could not perform." His
brilliant discoveries in physics are well known. In 1818, the illustrious author

of the doctrine of interferences of Ufjht, having been nominated secretary of the

bureau of longitudes, and charged with the superintendence of tlie 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. He was suspected of being too learned, and, in trath, " notwithstand--

ing his knowledge, or, perhaps, even by reason of its vast extent, he 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 incuiTcd as astronomer, and I shall not here return to the subject.

Dr. Young died May 10, 1829 ;
nineteen days, consequently, before his former

colleague, Sir Humphrey Davy.

VIII.

—

The introductory lecture oe dr. young.

"We shall here consider Dr. Young only as regards his connection with the

Royal Institution. This connection was of no long continuance. His first

lecture was given January 20, 1802, and he retired after having filled the pro-

fessorship two years. If wo are to believe the author of his life in the Biogra-

pliie UnivcrscUe of ihe brothers j\Iichaud, he had not been popular. He was
reproached Avith being too laconic, with not giving suflicieut 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 Natural Philosophu and the Mechan-
ical Arts,'' by Thomas Young, M. D., &;c. ; 2 vols, quarto, comprising together

1,570 pages and 58 plates.t

The lirst lecture, which serves as an introduction to the course, possesses so

high an interest that we deem it due to our readers to place it, at least in part,

before their eyes ; 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 their

attendance the amphitheatre of the Royal Institution, already know the nature

of the objects which its founders and promoters have been endeavoring to attain

;

yet it would seem by no means superfluous that I should deflne with accuracy

my own views of the utility which is likely to be derived from it and the most

eflectual means of accomplishing its purposes, in order that we may 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 path we mean to follow, and what departments will more
particularly arrest our attention. * * * The primary and peculiar object

of the Institution is to apply to domestic convenience the 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, in some measure, to the promotion of tlie same
ends which pertain to the special province of other literary societies ; and it is

the m.ore impossible that these objects should be wholly excluded, as it is upon

* Biography by Arago.—" No study," said Dr. Younj^, " is so complicated as that of medi-
cine. It surpasses the bounds of Lumau intellif^ence. 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 Yonug bad published, at the commencement of 1802, a programme of the lectures

which he proposed to deliver at the Royal Institution, under the title of " A Syllabus of
Lectures on Natural and Experimental Pliilosophy,^^ in a quarto volume of 193 pages.
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the fidvancement of these that the specific objects of tlie Institution must nlli-

mately depend. It follotvs 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 arrangemeut, 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, w^jidd be to

reduce our faculties to a state of servitude, and to frustrate the very purposes

which Ave are laboring to accom.plish. No discovery, how'ever remote in its

nature from the subjects of daily observation, can with 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 satisfaction

arising from an advancement in intellectual acquirements, are contented to pro-

ceed in their researches, without inquiring at every step what they gain l>y their

newly discovered lights, and to what practical purposes they arc applicable ; they
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 cncuitously 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 audience, to Avhose 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 measui^e exempted from the more labo-

rious duties that occupy the time and attention of the other sex. The many
leisure hours W'hich 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 mind and the acquisition of knowledge, than to such amusements as are

only designed for facilitating the insipid consumption of superfluous time. The
Lours thus spent will unquestionably become, by a little hal)it, as much more
agreeable at the moment, as they must be more capable of affording self-appro-

bation upon reflection. And besides, like the seasoning which reconciled the
Spartans to their uninviting diet, they will even heighten the relish for those
pursuits which they interrupt ; for mental exercise is as necessary to mental
enjoyment, as corporal labor to corporal health and vigor. In this point of

view, the Royal Instituticni may in some degree supph^ the place of a sul)ordin-

ate university to those whose sex or situation in life has denied them the advan-
tage of an academical education in the national seminaries of learning.

'' But notwithstanding the necessity of introducing ver}' copiously speculations

of a more general nature, we must not lose sight of the origi'ial objects of the
Royal Institution ; and we must therefore direct our attention more particularly

to 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 kiuds, we may proceed
in the most direct manner to contribute to the dissemination of that kind of
knowledge which is more particularly our object. So that we must be more
practical than academies of science, and moi-e theoretical than societies for the
improvement of arts

; while we endeavor at the same time to give stability to

our proceedings by an annual recurrence to the elementary knowledge which is

subservient to botli classes of institutions, and, as iar as we are able, to ap})ly

to practice the newest lights which may, from time to time, be thrown <in piir-

ticular branches of mechanical science. It is thus that we may most elfectually

perform what the sojjhists of antiquity but verbally professed, to bring dowli
philosophy from the heavens, and make her an inhabitant of the earth.
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'' To those who are engaged in the practical cultivation of various arts condu-

cive to the conveuiences of life, these lectures may be of utility by furnishing

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 doc-

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 leanred. * * *

AVe may 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 fair}' ground has been preoccupied, we may save them from

impending ruin, and may relieve the public from the distraction of having its

attention perpetually excited by 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 as})ired 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-

enc}', and to show that we wish only to give additional vigor to the healthful

branches, and not to extirpate the })arent plant.

" Tlie 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 exhil)ited 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 profited bj the lectures, or who are already too far advanced to stand in

need of them, our rooms for reading and for literary conversation may be a

source of mutual instruction. Oar library in time must contain all those works
of importance which are too expensive ibr 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,
\\hatever is valuable in the publications of their cotemporaries. When all the

advantages which may reasonably be expected from this Institution shall be
fully understood and impartially considered, it is to be hoped that few persons of

liberal minds will be indift'erent 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 the learned professions I shall always most willingly submit and most
punctually attend. It requires the study of a considerable portion of a man's

life to qualify him to be of use to mankind in any of them ; and nothing can be
more ptnnicious to individuals or to society than the attempting to proceed prac-

tically upon an imperfect conception of a few first principles only. In physic



THE ROYAL INSTITUTION OF GREAT BRITAIN. 215

tlie wisest can do but little, and the ignorant can only do worse than notliing

;

and just as anxiously as we are dis})osed to seek whatever relief the learned and

experienced may be able to atford 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.—CoivTINUATION OF THE IXTRODUCTOET LECTURE.

" Deeply impressed with the importance of mathematical investigations, botli

for the advancement of science and for the improvement of the mind, I thought

it in the 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 emplo}'^ 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 founded,

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 for the closet than for a public theatre. Here I propose to support the

same propositions by experimental proofs; not that I consider such proofs as the

most 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 Avith 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 the 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 the instructive and the 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 temporar3' amuse-

ment ; for if we fail of being useful for want of being sufiiciently pojtular, we
remain at least respectable ; but if we are unsuccessful in our attemittsto amuse,

we immediately appear trifling and contemptible. It shall, however, at all times

be my endeavor to avoid each extreme, and I trust that I shall then only be

condemned, when I am found abstruse from ostentation or uninteresting from

supineness. The most difficult thing for a teacher is to recollect how much it

cost himself to learn, and to acconnuodate 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 bypassing over

difficulties, but by endeavoring to facilitate the task of overcoming them ; and
if at any time I appear to have failed in this attempt, I shall think myself hon-

ored by any subsequent inquiries that my audience may be disposed to make.
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'' We lircvc to extend our views over the wliole circle of natural and artificial

knowledge, to consider in detail the principles and application of the philosophy
of nature and of art. * * To 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 confessedly advantageous to the judgment as well as to

the memory to unite those things wiiich are naturally connected, and to separate

those which are essentially distinct. When a traveller is desirous of becoming
acquainted with a city or country before unknow^l to him, he naturally begins

by taking from some elevated situation a distant view of the distrilnition of its

parts ; and in the same manner, before we enter on the particular consideration

of the subjects of our researches, it may be of use to form to ourselves a general

idea of the sciences and arts which are to be placed among them. * * *

The division of the whole course of lectures into three parts was originally sug-

gested by the periodical succession in which the appointed hours recur ; but it

appears to be more convenient than any other for the regular classification of

the subjects. The general doctnnes of motion, and their application to all pur-

poses variable at pleasure, supply 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 matterj and of the most general and
powerful agents that influence it.*

" The synthetical order of proceeding, from simple and general principles to

their more intricate combinations in particular cases, is b}^ far the most compen-
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 mode,
on the contrary, which is absolutely necessary for the first investigation of truth,

we are obliged to begin by collecting a number of insulated circumstances, which
lead us back by degrees to the knowledge of original principles, bui which, until

we arrive at those principles, are merely a burden to the memory. For the phe-

nomena of nature resemble the scattered leaves of Sybilline prophecies ; a word
only or a single syllable is written on each leaf, which, when separately consid-

ered, 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 perspicuous and harmonious language. * * *

"Before proceeding to the examination of the several parts of our plan, we
must pause to consider the mode of reasoning w'hich is the most generally to be
adopted. It depends on the axiom which has always been essentially concerned
in every improvement of natural philosophy, but which has been more and more
employed, ever since the revival of letters, under the name of induction. That
like causes produce like efl'ects, 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 indispensable and unavoidable propensity of the human mind. * * *

In the application of induction, the greatest caution and circumspection are neces-

sary ; for it is obvious that before we can infer with certainty the complete simi-

larity of two events, we must be perfectly well assured that we are acquainted

* This third part should include, along with the properties of matter and the particular

action of its particles, the whole of chemical science: but the varietj' and importance of

the researches of chemistry require a separate and minute discussion, and the novelty as well

as beauty of many of the experiments with which the labors of our contemporaries have
enriched this branch of knowledge, and which Vvill be repeated in the amphitheatre of the

Institution by the professor of chemistry, suffices to make this part of natural philosophy the

most interesting of all the sciences.
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witli every circumstance wliicli can liave any relation to their causes. The error

of some of the ancient schools consisted principally in want of sufficient precau-

tion in this respect; for although Bacon is with great justice considered as the

author of the most coiTcct method of induction, yet, according to his own state-

ment, it was chiefly the guarded and gradual application of the mode of argu-

ment that he labored to introduce. lie remarks that the Aristotelians, from a
hasty observation of a few concurring facts, proceeded immediately to deduce
universal principles of science and fundamental laws of nature, and then derived

from these, by their syllogisms, all the particular cases which ought to have been
made intermediate steps in the inipiiry. 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 concluded that all heav}^ bodies tend

downwards; and since flame was most freipiently seen to rise upwards, it was
therefore inferred that flame was naturally and absolutely light. Had suflicient

precaution been employed in observing the effects of fluids on falling and on
floating bodies, in examining the relations of flame to the circumambient atmo-

sphere, and in ascertaining the specific gravit}' of the air at different tempera-

tures, it would readily have been discovered that the greater weight of the colder

air was the cause of the ascent of the flame—flame being less heavy than air, but
yet having no positive tendency to ascend. And accordingly the Epicureans,

whose arguments, as far as they related to matter and motion, were often more
accurate than those of their cotemporaries, had corrected this error ; for we 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 massive beam.
To sink the wood 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, the flaiiie has weight, though highly rare.

Nor mounts but when compelled by heavier air."

"It may br proper to notice here those axioms which are denominated by 'New-

ton rules of philosophizing, although it must be' 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 sufficient

for explaining the phenomena to be considered;' the second, therefore effects

of the same kind are to be attributed, as far as possible, to the same causes ;'

thirdly, ' those qualities of bodies which cannot be increased nor diminished,

and which are found in all bodies within the reach of our experiments, are to be
considered as general qualities of all bodies existing;' fourthly, 'in experi-

mental philosoph}', propositions collected by induction from phenomena are to be
esteemed either accurately or very nearly true, notwithstanding any contrary

hypothesis, until other phenomena occur b}^ which they may either be corrected

or confuted.'

"As an illustration of the remark that these axioms, though strictly true, are of

little real utility in assisting oiu* investigations, I shall give an instance from the

subject of electricity. Supposing that we wish to determine whether or no the

electric fluid has weight, we are to inquire whether or no gravitation is one of

those properties whicli are described in tlie third rule, and whether that rule will

authorize us to apply it to the electric fluid as one of those qualities of bodies,

which cannot be increased or diminished, Avhich are found in all bodies within

the reach of our experiments, and which are therefore to be considered as general

qualities of all bodies existing. Now, it appears to be, in the first [)lace, uncer-

tain whether or no the increase and diminution of gravity, from a change of dis-

tance, is strictly compatible with th(^ terms of the definition ;
and in tlK> second

place, we are equally at a loss to decide whether or no the electric fluid can with
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propriety l>o called a body, for it appears in some respects to be wholly different

i'roni 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 be contented to proceed gradually by closer induc-

tions in particular cases. We shall, however, be seldom much embaiTassed in

the choice of a mode of argumentation. The laws of motion, which will be the

first immediate subject of discussion, have indeed sometimes been referred to

experimental evidence, but we shall be able to deduce them all in a satisfactory

maimer, by means of our general axiom, from reasonings purely mathematical,

Avhicli, wherever they are applicable, are unquestionably preferable to the imper-

fect evidence of the senses, employed in experimental investigations."

X.

—

Summary of dr. young's couese of lectures.

A scientific publication * of that epoch takes the following notice of the work
of we have just been speaking :

"When l3r. Young accepted the chair of physics in the Royal Institution, he

regarded that position as demanding of him something else than a simple com-

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 c^ 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
immediate manner than had before been done, and he has facilitated the appli-

cation of those principles to all the cases which present themselves in practice.

He has investigated bj' a great number of experiments the force or tenacity of

materials of every kind ; a labor of which the results are highly important to

the engineer and the architect. He has simplified, extended and elucidated the

theory of the movement of waves, that of the circulation of the blood, 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 phenomena of colored

light ; he has also pointed out some new cases of the production of colors. He
has reduced the theory of tides to a very simple form ; and his researches on the

cohesion and ca])illary action of fluids are anterior to those of M. de 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 coaiplete

series of demonstrations applicable to all the important cases which occur in that

department of scientific inquiry. The author has excluded only some of the

more complex calculations of astrouom}'. A considerable portion of the volume

is occupied l)y a comprehensive catalogue of works relating to physics and the

arts, methodically sulxlivided, and 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 ixstitu-

TlOIf 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

* Nichulson^s Journal, Our extract is derived from the Bibliotheque Britannique, t. xxxvii,

No. 4, April, I808.

t Johu Dtilton, born September 5, 1706, at Eaglesfield, in Cumberland, died July 27,

]844, at Manchester, where he had passed his lite in making chemical analyses for the

manufacture rs, the price of which varied from a few shillings to a sovereign, and in giving
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Institution. He has himself recortlcd, in a letter to one of his friends, what
occuiTcd on this occasion, and the relations which he had borne to Davy. "I
"was presented," he says, "to Mr. Davy, whose rooms at the Royal Institution

adjoin mine. He is a most agreeable and intelligent young man, and of an evening

"vve 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 the world hereabouts would be disposed to form its

opinions from this introduction : conse(piently I resolved to ivrite my first lecture

throughout; to do nothing but give a statement of what it was my intention to

undei'take, and to expatiate on the importance and utility of the science. I studied

and wrote for nearly two days; I then calculated, almost to a minute, the time

which my lecture would occupy, adapting my discourse to a duration of 50 min-

utes. The 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, he read while I repre-

sented the auditory. We then discussed our respectiv'e styles. The next day I

read ray discourse before a company of 150 to 200 persons, which was more than
had been expected. When I had finished there was general applause, and a
great many of the audience came forward to compliment me. Since that occa-

sion I 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 embaiTassed in my statements; so that now, Avhen I enter the

lecture room, I feel scarcely more concern than when I smoke a pipe with you
on Sunday and Wednesday evenings." To believe, however, an eminent critic,

Dalton must unconsciously have put too high an estimate on a success, of which
the politeness of the audience seems to have defrayed the chief expense, and to

which the simplicity and singularity of the man contributed probably more than

any talent he possessed as a professor. " It would be difficult to conceive," says

the writer referred to, (Quarterly Review, No. XCYI,) ''anything more awlv-

ward and inadequate than his manner of treating the great physical truths l)efore

him. His experiments in puldic frequently failed; his delivery was dry, indis-

tinct, and without expression, and he was far from possessing the language and
power of illustration necessary to the professor who deals with the lofty themes
of philosophy, and by means of which Davy and Faraday have shed so brilliant

a light on their great discoveries."

Dalton survived Davy and Young, and, in 1830, was chosen to replace tlie

former as one of the foreign associates of the French Academy of Sciences. In
1832, having gone to Oxford to be present at the meeting of the British Asso-

ciation, he received from the University the diploma of Doctor of Civil Law;
and hence, modest and simple as he was, a man whose chief pleasures on earth

were the pipe and playing at l>owls, he was to be seen, for several days, invested,

whenever he went abroad, with the red robe of the doctorate. He allowed him-

self, at the instance of Mr. Babl)age, to be presented at court, and that goitle-

man has recounted for us all the incidents of this grand event in the life of the

philosopher of ^Manchester Lord Brougham, at that time Lord Chancellor,

otlered his services to make the presentation, and had already spoken of it to the

King; but difficulties supervened. Dalton, in his quality of Quaker, could ncrt

assume the uniform of the court, which would have required him to wear a
sword. It was suggested to dress him in the 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 distinguisli colors ; he
labored under a sort of blindness as regards them. There remained the cap of

lessons on chemistry and mathematics, at the rate of two shillings and a halt' per hour wheu
he had but one scholar, and one and a half only for each scholar when ho had two or more.
In ]8;?:i, the g^overnment had spontaneously granted him a pension of 150 pounds, which
pension was doubled in 183G.
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velvet ; but lie was made to observe that the cap was usually earned in tho

hand, and that it was rather the sign of a dignity than a covering for the head.
'^ These difliculties 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 ; tlx^t

I would enter at the farthest door, make the tour of the circle, and bow before

his ]\Iajesty; and that thus he would have an idea of the ceremony in which ho

was to take a part. In passing in front of the third chair, before aniving 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 the 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 him 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 high 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 tho whole party ; Episcopal eyes had never witnessed such a specta-

cle in such a society, and I am not 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.

—

Course of moral philosophy by syd^tey smith.

Sydney Smith, (born 1768, died February 22, 1845,) one of the founders of

the Edinburgh licview, whom we must not confound with the celebrated admiral

of the same name, arrived in London towards the close of 1803. He quickly

became noted as a preacher, and obtained great consideration in the highest soci-

ety. The directors of the Institution were at that time, as they have never

ceased to be, on the watch for all talents capable of reflecting lustre on their

establishment; they invited Smith to give a course of moral philosophy, embrac-

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 pounds
to furnish my house. The success was prodigious." Smith is pleased to exag-

gerate liis ignorance. He had passed five years at Edinburgh, and had enjoyed

opportunities of hearing Dugald Stewart and Thomas Brown in their favorite

science.

The 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, [Quarterlij Heview,

No. xcvii.) Yet, if we are to believe the celebrated Review founded by Sydney
Smith, it would be impossible to conceive an assembly less prepared to compre-

hend the mysteries of the understanding than a metropolitan audience at that

epoch.t

* Letter addressed to Dr. Whewell in 184.'?. Quarterly Reciete, No. xcvii.

t Edinbiirgit Review, No. xci. The lectures of Sydney Smith have been published in 1849,

at Loudon, under tl;e title : EUmmtary Sketches of Mural Fkilosuphy, delicered at the Royal
Institution, in the years 1804, ]8U5, and 18Ut).
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XIII.

—

BkANDE, the successor of DAVT, at the KOYAL rxSTITUTTOiT.

It has been seen tlaat Davy gave liis last lecture at tlio Royal Institution April

9, 1812, but did not resign the chair till a year afterwards. In the interval, ^Ir.

W. T. Brande (born at London January 11, 1788) was invited by the directors

to prepare a course of trial lectures, which was delivered in 1813, and was
immediately followed by his nomination to the vacant chair. The same year

Copley's medal was awarded to him by the Royal Society for his comraunicar-

tions on the alcohol contained in fermented liquors, and other memoirs i)ublished

in the PMlosopMcal Transactions. In 1816 he replaced Walloston as one of tha

secretaries of the Royal Society, and occupied that post, for which he had beea
designated by Wollaston himself, till 1826.

Mr. Brando has been successively superintendent of the chemical operations

at the College of Pharmacists^ in London, professor at the Roj'al Institution, and
warden at the English Mint. He resigned his chair at the Institution March

16, 1852, and gave his last lecture April 3. The following are the terms in

which he 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 modern
chemistry and the improved and extended condition of some of our principal

manufactures ; 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

Avith my lectures, and is so evidently aggravated by the exertion of speaking,

that the measure has become, if not a necessity, at least an act of prudence.
*' I have been officially attached to the Institution for a period 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 labor-

atory beneath us. They were designed for students of every kind, and took

place three times a week, from October to May. They were the first lectures

given in London 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 satistaciion, because I

can legitimately claim for them the merit of having sustained the plan 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 be
granted to more than a very few to teach it \\\i\\ success, and to such an audi-

tory, for so long a period. * * * Other thoughts still press upon me, when
I look back upon the long years which I have passed within these walls. I

rejoice 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
l)ut see in it a fruitful source of the popidarity of science, and the extension of

schools destined for scientific instruction, features which so eminently distinguish

the present age, and which are especially manifest in this powerful metropolis.
* * * Wlien I regard the Royal Institution under a j^crsonal point of view,

I reverence it as my ahtm mafcr, where, while 3'et 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 Banks

;

where I was chosen by Wollaston to succeed 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, aiul of art ; where Faraday became my pupil, my col-

league, and my friend."

]\Ir. Brando was named honorary professor, and the chair of chemistry wag

given, in 1SG3, to Mr. Edward Frankland.

XIV. — Mr. faeadat. — his outset in life.— his eeseajiches akd
LECTURES.

Mr. Faraday (Michael) was born in 1794, at Nowington. Ilis 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-

struction of the instruments of physics ; he even succeeded in making an electrical

machine. It occurred one day 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-

curetl for this apprentice, at once book-ljinder and physicist, permission to attend

the four last lectures of Davy at the Royal Institution, of which Mr. Dance
himself was one of the earlier members. Faraday, seated in the gallery, heard

with attention and took notes; so that he was able to write out the lectures and

send them to Davy, with a brief and modest mention of liimself 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 sa}' 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 eflfbrts 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 magnetizing and electrifying a ray of light, and in illuminating a magnetic

line of force.

Nor are these the sole researches of Mr. Faradaj^, 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 embraced philosophic

truths, without allowing any unworthy jealousy, as so often happens, to distort

• Mr. Faraday has succeeded in liquefying and even solidifying several gases regarded as

permanent ; among others, carbonic acid.
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tliem in his eyes ; nor will it fail to Tecognize in him a penetrating and exact

reasoner, endowed with powers of imagination which conimnnicate a degree of

poetic vigor to his conceptions ; a genius of extraordinary resonrces when exper-

iments are to be devised for realizing his ideas, and singularly skilful in execut-

ing them ; a scientific writer, clear, candid, and judicious, and often rising to

eloquence, when the grandeur of the subject is capable of inspiring enthu-

siasm."

—

Qnarkrhi lieciew, No. LXXIX.
Mr. Faraday received from the Universit\' 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 llutnfurd, the

founder of the establishment. He is regarded, in England, as the boast and

sta}^, decits ct futamcn, of the Royal Institution.

XV.—Mil. JOHN TYifDALL, rKOFESSOR OF NATURAL PHILOSOPHY SINCE 1853.

The professor of natural philosophy at the Institution has, from 1853, been

Ml". John Tyndall, doctor in philosophy of the University of Marbin-g. He
was born at London, July 21, 1820, and pursued his studies at Marl)urg and
Berlin ; he is known as the author of numerous researches on the glaciers, and
a work entitled Heat Considered as a Mode of Movement, 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 l>e inexhaustible." (G. Cuvier, Eloge Hisforique de

Bumford.J The molecnlar 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 practical>lo to calculate

the mechanical equivalent of heat, b\' 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 PvOtal institution by me. john fullePv.—
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 the latter is elected every third year. The two
professors bear the name of FulJerian Professor, from the name of the founder.

In 1838, Mrs. Acton invested the sum of c£l,O00, 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 capable
of being produced by the quantity of heat requisite to raise by one degree the temperature
of a kilogram of water: in other words, 425 kUugrammctres are equivalent to a caloric.
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to science and tiesirons of promoting its progTcss ; its principal objects being:

(1) To stimulate to scientific and literary researclies
; (2) to teach tLe piinci-

p\es of inductive and experimental science
; (3) to sliovv the application of these

principles to the different arts of life
; (4) to afford opportunities for study. It

comprises :

1. Puhlic lectures, designed to supply what books or private instraction can

rarely give, namely, experimental exhibitions, comprehensive designs or detailed

descriptions of objects connected with science or art. The}' usually embrace a

short course at Christmas,* and at least six courses, before and after Easter, the

season extending from the middle of January to the middle of June. The
usual sul)jects 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 musict
2. Wceldy meetings of the members of the Institution. These meetings take

place every Friday evening during the season. They were established in 1826,

the members having each the privilege of introducing two of his friends by
ticket. The object of these reunions is to bring into contact men of letters and
savants, and to furnish 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. Tlie Froccedings began to appear in 1851 ; they constitute a sequel

to the Journals of the Institution, which began to be published in 1802, but

had undergone long interruptions.

3. A Jaborafori/, for the cultivation and advancement of the chemical and
electrical sciences, by means of original investigations and experiments. It is

in this laboratory that the researches of Davy and of Earaday, as has been

ali-eady said, were made, embracing a period of more than half a century.

4. A library of about 33,000 volumes,| comprising the best editions of the

Greek and Latin vtTiters and of the fathers of the Chui'ch ; 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 fur study. Here are to be found various series of memoirs

and scientific publications, v.hether English, French, Gennan, or Italian, and a

great number of works relating to the natural, medical and mathematical sciences.

6. A reading-room, for journals, furnished with the principal reviews, maga-
zines, and jovtrnals 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 the newest works as soon as published.

7. A museum, containing a large selection of specimens of mineralogy and

geology, collected by Davy, Ilatchett, Wollaston, &c., and much of the original

apparatus 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 lectures, the subjects of which tor the years i857-'58 to

]8G0-'Gl were: Static electricity ; the properties of metals; the different forces of matter;

the cliemical theory ot" 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 1858 by M. Lacaita ; and

a course in nine lectures on the Science of Language, given in 18G1 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 mnny other objects, given in

great part by the members.
The collection of minerals dates from the year 1804. In a review of that

period, (BiUiotlicque Britamiiqtic, t. xxviii, 1805,) it is said, with reference to

the Institution :

" This establishment has not ceased to extend and prosper. A considerable

fund has been destined for a library, and, last year, a sum of c€4,000 was pro-

cured b}' private subsci'iption for the purpose of forming a mineralogical collec-

tion, to be attaclied to the establishment under certain conditions, with a labora-

tory exclusively intended for the regular assay of mines. The first idea of this

useful undertaking is due to Messrs. Gieville, St. Aub}T5, and Hume, distin*

guished amateurs of mineralogy and well known on the continent. They remark
in their prospectus that, while on one hand the private working of mines is con-

ducted in England with a combination of pecuniar}^, 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 sets and all the

most interesting facts in mineralogy ; 2, an office or bureau of assay, exclusively

destined to tlie advancement of mineralogj' and metallurgy. Each of these two
establishments shall be conducted by a man of the first merit in his line and
entirely devoted thereto, a condition necessary for the progress of science, for,

although private and occasional researches may produce some interesting dis-

coveries, the perseverance, which is always crowned by success, can only be
expected fi'om a savant exclusively devoted to this particular branch of study."

# # * " * * * *

Thus it would seem to have been in contemplation to annex to the Royal
Institution something like a school of mines; but this project was abandoned for

want of encouragement on the part of the government and the proprietors of

mines.

XVII. CONTrNTTATlOSr OF THE PKESEXT ORGAJS'IZATIOX THE FINANCIxVL
SITUATION.

The members* after having been regularly presented, are balloted for, the

first Monday in each month, and pay at their admission 10 guineas, (five guineas

as a first annual payment, and five as a contribution to the fund of the library,)

or 60 guineas in place of all payments. They are admitted to all the lectures

given at the 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 the lectures at reduced prices. Further,

by means of a supplementary subscription of 20 guineas once paid, or three

guineas a year, each member can introduce personally or by wTitten 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 the

libraries and the journal-room, but they have not the privilege of being present

*The Royal Institution counted, in 18()3, 17 honorary members, the Prince of Wales,
the King of Wurtemberg, the Prince of Hesse, 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 VVales was elected, in 1863, vice-patron of the Institution, to replace tlw

prince consort, Albert, who had exercised the same functions sines 1843, and who had been
assiduous in his attendance on the lectures and soirees of Friday.

15 s
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at 'tlie evening reunions. The widows of members, and tlie sons and daughters

of the same, if above tlio ago of 21, are admitted for the season to all the

courses and to the muscnm on the payment of one guinea; and to each special

course on the payment of a half-guinea for each course. The subscribers to the

courses pay two guineas for all the courses, extending from Christmas to mid-

summer, and a guinea for each special course. For 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 \nsitors on the condition of the establishment,

to revise the accounts, and to elect ^president, treasurer, secretary, fifteen directs-

ors, and as many lusitors. The vice-presidents, six in number, are chosen by
the president from among the directors. The treasurer may also be desig-natotl

for this office.

The property of the institute—consisting of buildings valued at c£15,000

;

furniture, cf£l,400; library', c£6,500 ; laboratory and mechanical apparatus,

c£l,400; collection of minerals, c£300—was estimated, December 31, 1862, at

a sunr of c£24,600, (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, 1S57, to but c£25,166, had risen to c£30,108 at the end of 1862.

At this last date the total annual revenue of the Institution amounted to £5,522,

The expense of the public com-ses for 1862 amounted to c£670, of which

62453 were paid to professors other than those attached to the establishment.

These latter received ; The professor of natural philosophy, who lodges in the

establishment, c£300; the Fullerian professor of chemistry, who also lodges in

the establishment, 6696, besides 66350 which ho receives as director of the labor-

atory; i\iG Fullerian professor oi physiology, 6696. We have not ascertained

the amount of the salary paid the professor of chemistry, who is remunerated

by the Institution.



MICHAEL FArvADAT-HIS-LIF!E"AND WORKS.

BV PROFESSOR A. DE LA RIVE.

Science has just lost one o* its most eminent and faitliful representatives.

Faraday died on Sunday, tlie 25th of August, 18G7, at Hampton Court. He
was born on the 24th of September, 1791, at Newington Butts, near London.

In 1804, at the age of 13, he was apprenticed to a bookbinder, in whose Avork-

shop he remained eight years. So many books passed through his hands that

he 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.

The Ejicydopoidia Britanniea first of all introduced him to some notions of elec-

tricity ; and it was aftenvards, from the works of Mrs. Marcet, that he derived

his first Ivnowledge of chemistry. His labors received their permanent direc-

tion from this opening ; their essential objects were electricity and chemistr3\
" Do not fancy," he said to me in a letter t of the 2d of October, 1858, in

which he gives me these details, " that I was a profound thinker or a precocious

child ; I had merely a good deal of life and imagination, and the tales of the

Thousand and One Nights pleased me as much as the Encydop(pdia Britannica.

But what saved me was the importance I early attached to facts. In reading

j\Irs. Marcet's book on chemistry, I took care to prove every assertion by the

little experiments which I made as far as my means permitted ; and the enjoy-

ment which I ff)und in thus verifying the exactitude of the facts contributed

essentially to give me a taste for chemical knowledge. You may therefore

easily imagine the pleasure I experienced when I subsequently made the per-

sonal acquaintance of Mrs. Marcet, and how delighted I was when my thoughts

went backwai'd to contemplate in her at once the past and the present. When-
ever I presented her A\ath 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 he was, I may say, the first who encouraged and sustained me,

first at Geneva, when I had the pleasure of seeing him there, and afterwards

by the correspondence which I regularly maintained Avith him."

Faraday here alludes to a journey in which he accompanied Davy to Geneva
in 1814, and in v/hich, during a stay which he ma<le with his illustrious master

at my father's, the latter quickly discerned the merits of the young assistant,

and formed relations with him which were inten'upted only by death. At the

time when he travelled with Davy, Faraday was his assistant at the Royal
Institution in London ; and I must say that he has more than once expressed

to me, both by letter and viva voce, his thankfulness to the eminent chemist

who had admitted him to one of his courses, and consented, after running
through the not^s of this course prej)ared by the young pupil, to take him for

his assistant.

After the journey just refeiTed to, Faraday, with the exception of rare and

* Translated from the Bibliotheque Universelle, October 25, 1867, Arch, des ScL, 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 BM. Univ. , nouvelle

.

serie, 1858, vol. iii.)
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sliort absences, never again quitted the Royal Institution, where lie had Lis

lahoratory and his residence. Married to a lady worthy of him, and who shared

and understood all his impressions and all his sentiments, he passed a life

equally peaceful and modest. lie refused all the honorary distinctions which
the government of his country wished to confer upon him ; be contented him-

self with a moderate salary and with a pension of c£300 sterling, which fully

sufficed for his wants ; and accepted nothing supplementary to this except the

enjoyment, during the summer, in the latter years of his life, of a country house

at Hampton Comt, which the Queen of England gi'aciously placed at his dis-

posal.

Without children, a complete stranger to politicks or to any kind of adminis-

tration except that of the Royal Institution, which he directed SiS he 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 savants the one most completely

and exclusively devoted to the investigation of scientific truth of which the

present century oflers us an example.

One may easily understand what 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. Everj' morning Faraday went into

his laboratory as the man of business goes to his office, and tlien tried by expf^ri-

ment the truth of the ideas which he had conceived overnight, as ready to give

tliem up if experiment said no, as to follow out the consequences with rigorous

logic if experiment answered yes. His every-day labor experienced no inten-up-

tion exce])t the few hours which he devoted from time to time to the exposition

in the theatre of the 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 he 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

cjfposition. He exerted an actual fascination itpon his auditors ; and when,
after having initiated them into the mysteries of science, he termir^atcd hio lec-

ture, as he was in the habit of doing, by rising into regions far above matter,

space, and time, the emotion which he experienced did not fail to communicate
itself to those who listened to liim, and their enthusiasm had no longer any
bounds,

Faraday was, in fact, thoroughly religions, and it would be a very imperfect

sketch of his life which did not insist upon this pecitliar feature which charac-

terized him. His Christian convictions occupied a great place in the whole of

his being ; and he showed their power and sincerity by the confonnity of his

life to his principles. It was not in arguments derived from science that he
sought the evidences of his faith ; he found them in the revealed truths at

which he saw that the human mind could not arrive by itself alone, even though
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 man 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 who assert that the progress of science is incompatible with these

convictions, is to say to them, And yet I am a Christian.

The 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 and 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 c-ontribution both foE.

inquiries upon questions of public health or industrial applications, and to give
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practical advice to an artisan or examine tlie discovery of a debutant in tlic sci-

entific career. Only, as I liave already said, with these exceptions, he made it

a rule not to allow himself to be tnnied aside from the labors to wliicli lie bad
consecrated his life by occnpations of another kind, or by tliose pretended duties

of societ}'^ which waste time, abridge intellectual life, (already so short,) and
very often leave nothing behind them but emptiness and regret. It was not

that he could not be eminently social)le when necessary, or that he did not

allow himself some relaxations when, fatigued with work, he needed some
repose. But these were only accidental circumstances in his ijfe, which \\as so

exclusively devoted to his laboratory.

The scientific career of Faraday was ecpiall}' fortuii^ite and complete. Named
as early as 1823 a correspondent of the Academy of Sciences of Paris, he \\as

called in 1844 by this same academy to occupy one of its eight foreign asso-

ciateships, after having been associated sticcessively with all the learned bodi(>s

of Eunjpe and America. lie was by no means insensible to these scientific

honors, which he accepted with genuine satisfaction, whilst lie constantly refused

every other kind of honorary distinction.

But it is time to commence the moi-e important ])art f)f this n<jtice, that which
is to be devoted to the examination of the works of Faraday. Ordy I may,
perhaps, be allowed, before speaking of the works themselves, to say a few
words of the maimer in which Faraday worked.

Is it true that the man of science who wisljes to inteiTogate riatm-c must set

himself face to face with his apparatus, make them act to derive fticts from
them, and wait until these facts have appeared, in (.rder to deduce their conse-

quences, and all without any preconceived idea? Most certainly the philoso-

pher who could advance such an opinion has never experimented, and in any
case tLis method bas never been that of discoverers j it was assmedly not the

one adopted I'y Fai'aday.

There is a second method also which was not his. although it is truly worthy
of attention, and often fertile of results. This consists in taking up known
jihenomena and studying them with great precision, carefully determining all

the elements and numerical data, so as to deduce therefrom the laws which
govern them, and often also to show the inexactitude of the laws to which they
were supposed to be subjected. This method requires great previous studv,

great practical talent in the construction of apparatus, remarkable sagacity in

the interpretation of the results furnished by experiment, and, lastly, much per-

severance and [tatience. It is true that it leads with certainty to a result ; and
this is its good side ; but the difficult conditions which it imposes are so manv
obstacles which prevent its being generally followedj except by the highest
intellects.

A tliiid method, very different from the last mentioned, is that which, quitting

the beaten track, leads, asif l)y insjtiration, to those great discoveries which open
new horizons to science. This method in order to be fertile requires one condi-
tion—a condition, it is true, which is but rarely met Avith—namely, genius.
Now this condition existed in Faraday. Endowed, as lie himself perceived, with
much imagination, he dared to advance where manv others would have recoiled

;

his sagacity, joined to an exquisite scientific tact, by furnishing him with a pre-

sentiment of the possible, prevented him from wandering into the fantastic.

Still always wishing for facts, and accepting theories with difficulty, he was
nevertheless more or less directed by preconceived ideas, which, whether tiiie or
false, led him into new roads, where most frequently he found what he sought,
sometimes, indeed, what he did not seek, but where he constantly met with some
miportant discovery.

Such a method, if indeed it can be called one, although barren and even
dangerous with mediocre minds, produced great things in Faraday's hands

—

thanks, as we have said, to his genius, but thanks, also, to that love of truth
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vv'liicli cliaracterized Lim, and which jDrescrvcd him from the temptation so often

experienced by every discoverer^ of seeing- what he wishes to see and not seeing-

V/hat he th'cads.

The worhs which have issued from his brain, so well organized, are numerous
and varied ; they relate essentially, as wo have already stated, to chemistry and
electricity. Those on the latter subject are by far the most numerous and import-

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.

He gave it to Faraday for analysis, and found that the account given was so

perfect that he had 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. He published (in 1817 and 1818) an investi-

gation of the passage of gases through narrow tubes, from which it appeared

that the velocity of the flo-w of elastic fluids does not depend upon their density

alone, but also iipon their individual nature. Various other points of chemistry

and physics, besides those which had electricity and magnetism for their object,

attracted his attention from time to time throughout the whole of his scientific

career. Now we have a note upon the combustion of the 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 copper at the ordinary tem-

])erature, (Trevelyan's experiment ;) and then, again, researches upon the limit

of vaporization, or upon the evaporation of mercury at low temperatures. "We
may notice two impoi-tant memoirs—one upon the explanation of certain ojitical

illusions produced by bodies in motion, the other describing some new acoustic

figures proceeding from the vibrations of the stratum of air in contact with the

surface of vibrating plates. His elegant discovery of rcgdation (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 has been by Tyndall, has had a

much greater influence than perhaps he ever expected. In all these notices, even

the least important of them, we find an original idea, a new and striking point

of view, which enables us at once to recognize Faraday. And, in connection

with this, how can we omit to mention his simple and clear explanation of table-

turning, and the ingenious experiment by which he so clearly shows the muscu-

lar efibrts made unconsciously by the persons who, by laying their hands upon
the table, cause its movement ?

Let us now dwell for a few moments ujion some researches of longer dura-

tion, the publication of which preceded, and also in great part accompanied, his

great works on electricity.

In 1820 Faraday described two new compounds of chlorine and carbon.

One of them is solid, transparent, and colorless ; it crystallizes in little jirisms

and in laminae, and is obtained by exposing to the direct action of the sun bicar-

bouated hydrogen gas with a large proportion of chlorine. The other contains

less chlorine; it is liquid and ctdorless, possesses great density, and is prepared

by passing the former through an incandescent tul)e, from which chlorine is set

free. The discovery of these two compounds filled up an important gap in the

history of chemistry.

Subsequently, (in 1825,) by the compression of the gas obtained from coal,

Faraday obtained a new compound, which, no less interesting tlian the preced-

ing from a scientific point of view, had besides a great industrial importance.

Tiiis was a bicarburet of hydrogen in a li(|uid state, which was found to be a

mixture of several compounds endowed with various degrees of volatility, and

which could be separated by distillation. Ever3^ one knows the advantage, in

the production of colors, derived from this by the illustrious chemist Hofmann,
Avhen he extracted aniline from it.
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The discovery of tliis bicarbm-et of hydrogen was only an incident in the

reseai'ches which Faraday had undertaken in 1S23, upon the condensation of

gases into liquids. His mode of operation in this investigation consisted in

placing in one extremity of a recui-ved tube, closed at both ends, the necessary

ingredients for the production of the gas, and plunging the other extremity in a

freezing mixture. The gas, evolved in a closed space, speedily condensed into

a liquid state in the refrigerated extremity of the tube. In this way chlorine,

sulphurous 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 supenor to

that of water. The attempts made to reduce the other gases, especially hydro-

gen, oxygen, and nitrogen to a liquid state were fruitless. Twenty years later

(in 1844) Faraday resuminl these experiments by directly condensing the gases

by mechanical processes in very strong and hermetically sealed tubes, refrige-

rating them by means of the mixtme of ether with solid carbonic acid pro-

duced by Thiloriei-'s method. The condensation could be brought to fift\'

atmospheres, and the lowering of temperature to — 1C6°F., or 110°C. below 0°.

In this way Faiaday succeeded in liquefying, besides the gases which I have
already mentioned, olefiant gas, phosphuretted hydrogen, and arseniuretted

hydrogen, as also liuosilicic acid ; but he did not succeed in solidifying them.

On the other hand, by applying his new process to the gases which he had pre-

viously liquefied, he brought them not only to a liquid state, but even to that

of transparent and crystalline solids ; hydrochloric gas alone of these latter

would not become solid, whilst hydriodjc and h^'drobromic gas were successively

liquefied and solidified.

It is easy to understand all the importance of an investigation tlie result of

which was to modify completely the received ideas as to the constitution of the

permanent gases by causing them to enter into the category of simple vapors
;

this was to intxoduc« into molecular ph3'sics a new and important notion, the

consequences of which have gradually unfolded themselves.

It is also to a question of molecular physics that we must refer the memcjir

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, wlien placed upon a plate of glass,

becomes perfectly transparent and colorless when it is brought to a high tem-

perature, and which, when seen by transmitted liglit, resumes its green color

when it is subjected to strong pressure. A great number 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 the same body. "We
also find in this memoir a detailed investigation of the various colors presented

by different solutions of gold, and especially of the fine raby-red tinge obtained

by the solution of a quantity of gold which, if agglomerated into a single mass,

would not occupy the seveu-hundre<l-thousaudth 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 nmuerous works of Faraday relating to the .applications of sci-

ence to the arts, we shall confine om'selves to citing his researches u])on the

manufactm-e of steel, and of glass for optical jjiurposes, these being the most
important.

It was by the analysis of the Indian steel called tcoofs that he was led, in

concert with Stodurt, to compose an alloy which had all the properties of this,

by combining aluminium with iron and carbon, hi a letter addressed in 1820
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to Professor De la Rive,* he relates all tlie attempts made by liis coUaboratcnr

and himself during two years of persevering labor, to discover the most satis-

factory alloys. He indicates, as one of the best, that of rhodium and steel,

and, as presenting curious peculiarities, that of steel and silver ; this last alloy

does not become a true combination unless the silver only forms one iive-hun-

dredth part of it. Platinum, on the contrary, combines in all proportions with

steel, but it does not furnish so good an alloy as rhodium and silver for the con-

struction of cutting-instruments.

Although interesting in many respects, the results which Faraday obtained

in his great investigation of the alloys of steel were not proportionate in their

importance to the time and trouble which they cost him. We may say the

same of the lal)orious researches upon the manuhicture of glass for optical p>;r-

poses, which he made a few years afterwards, (in 1829.) It was upon the initia-

tive taken in 1824 by the Royal Society of London, which named a committee

for the study of the improvement of glass with a view to its optical use, that

Faraday was called upon to occupy himself with it. Whilst he pursued the

chemical })art of these investigations, Uollond worked up the glass, and Her-

schel subjected it to the test of experiment. At the end of long and difHcuU

experiments, Faraday ascertained that the greatest difficulty in the way of the

fabrication of a good flint glass (that is to say, a very refractive glass) was the

presence of streaks and striae proceeding from a want of homogeneity, due, in

its turn, to difterences of composition between the contiguous portions of the

same glass. The employment of oxide of lead in the composition of flint glass

was the cause of this defectiveness, which could not be avoided even by making

use of the most efficacious means of rendering the mixture perfect while in a,

state of fusion. Among the combinations tried, that of borate of lead and silica

furnished a glass endowed with optical properties still more strongly marked

than those of flint glass, and at the same time presenting a very uniform struc-

ture. This glass, which, on account of its great density (double that of flint

glass) has been named heavy glass, is found, unfortunately, to have a slight

yellowish coloration, which renders it unfit for optical purposes ; V>ut the labor

which Faraday devoted to its fabrication has not been lost ; for, as we shall see

hereafter, this'same glass, in the hands of the talented experimenter, became

the instrument of one of his most beautiful discoveries.

In the long and curious memoir which he published upon the fabrication of

optical glass, Faraday gives a minute description of all the processes cmjjloyed

by him—of the construction of furnaces, selection of crucibles, means of heating,

various artifices, such as the injection of platinum in powder into the fused glass

to cause the disappearance of bubbles, &c. It is a genuine instruction in chem-

ical mani[)ulation, and, as it were, a complement to his treatise on this subject,

which was pul)lislied in 1827, and has since gone through three editions. Only

those who are called upon to experiment in the domains of physics and chem-

istry can appreciate the imniense service which this treatise has rendered to

them, by teaching them a multitude of processes of detail so valuable for them

to know, aud of which a description was previously nowhere to be found, so

that every one was obliged to undergo an apprenticeship to theu> on his own
account. It was necessary that a savant who for so many years had been strug-

gling with the difficulties of experimentation, and who had been able to sur-

mount them in so ingenious a manner, should give himself the trouble to

describe the means which ho had employed, so that his experience might be of

service to others. Fai'aday was this savant, and his object was completely

attained.

Here, perhaps, before proceeding to another sot of subjects, we ought to

speak of certain of Faraday's theoretical ideas relating to general physics, and

more esjiecially to the nature of the forces, and their correlation to each other

and to the essence of matter ; but we prefer not to discuss the opinions emitted

* ^.f Bibl. Univ., (1820,) vol. xiv, p,209.
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bv Inni upon these questions until after tbc exposition of liis works on electricity

and magnetism. We nnist^ however, at once admit that his views on these mat-

ters are very contestable, and that, if thej^ inspired him to make experimental

researches of the highest interest, this is a proof that, in the hands of a man of

genius, even a bad theory may be the origin of the most beautiful discoveries.

II. I pass now to the examination of those works of Faraday which relate

to electricity and magnetism. It is not without embarrassment that I approach

this examination ;
for these researches are so numerous that it would be neces-

sary to extend this notice beyond all bounds in order to give only a simple

analysis of them ; and they are at the same time so varied that it is impossible

to explain them in the chronological order of their publication without confusion

T)eing the result. Thus, for example, the researches on induction are intcn-upted

by others on electro-chemical decompositions, to be afterwards resumed and com-

pleted. Each memoir certainly forms a complete whole ; but one memoir is

most frequently followed by another the subject of Avhich is quite different. It

seems as if the author, after having treated one question, found it necessary to

recollect himself before resuming it, and to divert his mind from it, so to speak,

by taking up some other kind of work.

It has, therefore, appeared to me that the best thing for me to do was to group

all these various works under a few distinct heads, so as to be able to give their

essence without requiring to enter into too many details. The first would include

all the researches relating to electro-chemistry ; the second those which have for

their object induction, whether electro-dynamic or electro-static ; and the third the

phenomena relating to the action of magnetism and dynamic electricity upon light

and upon natural bodies in general. It is true that there are some works which

elude this classification, as they will not enter into any one of our three divisions.

But these are less important works, and such as were produced as occasions

oti'ered ; that is to say, they are the fruit of some particular circumstance which

attracted Faraday's attention to some special point. Such is, for example, the

memoir which has for its object the investigation of the electrical properties of

the Gymnotus—and that devoted to the evolution of electricity by the friction

exerted against solid bodies by the globules of water or other substances carried

up by vapor—experiments undertaken in consequence of the invention of Arm-
strong's machine. Lastly, there are others which only contain the more or less

indirect consequences of the fundamental discoveries, which will bo explained

in one of the three subdivisions under which we have grouped them. We shall

not dwell upon any of these, thinking that we may give a more exact and com-

plete idea of all the progress which Faraday caused the science of electricity

and magnetism to make by confining ourselves to pointing out in some detail

the most prominent parts of his researches upon these subjects.

Farada}' commenced with chemistry in his scientific career; it is therefore not

surprising that he approached electricity by the study of electro-chemistry. It

was, moreover, towards electro-chemistry that his attention must have been first

directed in that laboratory of the Royal Institution which had witnessed the

magnificent discoveries of Davy in chemical decompositions efl'ected by the pile,

and especially in the production of the alkaline metals. In taking up this sub-

ject Faraday only followed the traditions left to him by his predecessor.

His researches upon the electrical conductibility of bodies constitute a first

step in this path. The business was to ascertain whether, as was previously

supposed, the presence of water is necessary to render solid bodies conductors,

and whether solid non-metallic (and consetpiently compound) bodies can conduct

electricity without being decomposed. Commencing with water, which is an
insulator when solid and a good conductor in the liiiuid state, Faraday shows

that a great number of compound substances are in the same case. Such are

many oxides, some chlorides and iodides, and a multitude of salts, which do not

conduct electricity in the solid state, but, without any intermixtm-o of water,
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Lecome excellent conductors when liquefied by licat, and are not decomposed by
electricity with separation of their elements in the same way as aqueous solu-

tions. To the list of these compounds Faraday adds that of those substances,

either sinqile, like sulphur and phosphorus, or compound, such as tlie periotlides

and perclilorides of tin, and many others, which continue isolators when fused

as well as in the solid state. In this first investigation, notwithstanding a great

number of experiments in which he employed the influence of heat and of elec-

tricity of high tension in the study of the conductive power of solid bodies, he

did not succeed in detennining very accurately the conditions of electrical con-

ductibility ; he oidy ascertained that, with one exception, which he justly

regards as only apparent, there is not a solid body which, on becoming conduct-

ive by its passage to a liquid state, is not decomposed by the electrical current.

We may add, so as not to return to the subject, that Faraday sometimes had

doubts upon this point, and that he even thought that water could conduct elec-

tricity Avithout being decomposed. Now experiment shows that in all cases,

even' those which appear most favorable to this opinion, electricity cannot bo

transmitted under any form through a compound liquid body without this body

undergoing electro-chemical decomposition.

As to the causes of conductibility, they are still far from being known ; when

we see bodies, such as the gases, becoming conductors Avhen greatly rarefied,

whilst under the ordinary pressure they are perfect insulators, we are compelled

to come to the conclusion that the impossibilit}' that we find of explaining this

difference, as well as so many others presented in this respect by solid and

liquiil l>odies, is due to the fact that we have not yet a correct notion of the

molecular constitution of bodies. Perhaps the recent theories of several physi-

cists, particularly that of Clausius, who regards the particles of bodies as being

in a constant state of movement, may succeed in elucidating this subject, which

is still so mysterious. Faraday himself had fully foreseen this relation between

electrical conductil)ility and the ideas which Ave may form as to the nature of

matter. In a remarkable article published in 1844 he showed, upon an experi-

mental basis, that in the theory according to which a body is regarded as con-

sisting of atoms possessing weight separated from each other by larger or

smaller intermolecular intervals, there are a multitude of facts, some of which

can only be explained by assuming that the atoms are the conductors and the

molecular space an insulator, and the others by supposing that the intermole-

cular space is the conductor and the atoms insulators—a contradiction which is

inadmissible. He concluded from this that we must imagine matter to bo con-

tinuous, or rather imagine the atoms to be simply centres of force, and conse-

quently replace the atomistic by the dynamical theory. We shall often find

traces of these ideas in the subsequent works of Farada}- ; for ourselves we
cannot take this view. We are convinced that it is not by denying the exist-

ence of matter, properl}^ so called, and admitting only that of forces, that we
shall succeed in solving the difficulties under consideration and man}- others,

but rather, following the example of Clausius and others, by modifying the

ideas hitherto accepted as to the mode of constitution of bodies, and replacing

them by others more in accordance with recent discoveries.

But we must return to electro-chemistry. I have already said that Faraday

first occupied himself with chemical decompositions effected by the electrical

current. He commences by effecting the decomposition of water and of solu-

tions by means of a jet of ordinary electricity, rendered as continuous as possi-

ble by leaving a stratum of air interposed between the metallic points which

convey and carry off the electricity from a machine, and a strip of moistened

paper which this electricity traverses. Ho observes that the deposition of the

elements, separated from the decomposed liquid, takes place against the surface

of the air wliich is in contact with the paper. Then, investigating the decom-

positions efl'ected by the pile, ho examines the various explanations which have
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been i^iven of this plicnomcnon, and concludes that it is much rather a chem-

ical plieuoraeuon than a truly electrical one. In other words, it is a peculiar

form of atlinitv which, under tho influence of electricity, is exerted between the

neighboring molecules, so that the decomposition is the easier in propoilion as

tho affinity is stronger. He shows that the transfer of the elements can only

take place between bodies the 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 comltine with the sub-

stance of these poles ; for whenever this combination is possible, they are no

longer set free. "Water in some cases, air in others, as we have already seen,

may serve as poles just as well as solid bodies. Faraday justly rejects the old

idea of certain physicists who attributed electro-chemical decompositions to the

ordinary electrical attractions and repulsions exerted upon the elements of a con-

ductive liquid by the voltaic poles immersed in it. The metallic wires, or other

conductors, which transmit electricity into a liquid, are merely, according to

him, the roads by which the electric cmTent passes into the liquid
; therefore, to

exclude any idea of electrical tension, which is more or less implied in the name
2)0le^ Faraday proposed to substitute for the denomination poles that of elec-

trodes. He liliewise applied the term electrolysis to the chemical decomposition

eflected l)y electricity, reserving that of analysis for the ordinary chemical

decompositions in which electricity does not assist. Lastly, he gives the name
of electrolytes to those compound bodies which are capable of being decom-

posed by the electric current.

After this preliminary and general study of the subject, Faraday enumerates

the results which he obtained by submitting to electro-chemical decomposition a
very great number of compounds, some of them simple acids or simple bases,

others saline combinations. He dwells particularly on the secondary effects

often manifested in these decompositions, especially in tho case of aqueous solu-

tions, in which decomposition of the water and of the substance dissolved takes

place at the same time. But the essential point of his researches is the law at

which he arrived as to the definite nature of electro-chemical decomposition.

He demonstrates, relying solely upon experiment, that the quantity of chemical

action exerted by an electrical ciuTcnt is proportionate to the quantity of elec-

tricity constituting this current ; and, further, that the same quantity of elec-

tricity, or the same current, decomposes cliemically equivalent quantities of all

the compound bodies through which it is passed. Thus, if we place one after

the other in the circuit of a voltaic pile, several pieces of apparatus arranged

for 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 and size of the electrodes are different in each, the same current

traversing them for a given time produces the same quantity of gas, and conse-

quently decomposes the same quantity of water. The quantity of water decom-
posed in a given time, appreciated by the quaiitity of gas evolved, is, therefore,

the exact measure of the quantity of electricity which has produced this effect.

Hence, like Faraday, we give the name of voliayneter to the very simple appa-
ratus which holds acidulated water destined to be decomposed by the current,

and by means of which the volume of gases set free by this current in a given
time may be exactly measured.
Tho second principle, that the same quantity of electricity decomposes chem-

ically equivalent quantities of all compound bodies, was demonstrated by Fara-
day by placing several different electrolj'tes one after tho other in the same cir-

cuit ; as, for example, acidulated water in a voltameter, and protochlorido of tin

and chloride of lead in a state of fusion ; and ho obtains quantities of tin, lead,

chlorine, hydrogen, and oxygen, which are chemically equivalent. Then, rising

fi-om the effect to tho cause, ho comes to the conclusion that there is a perfect

equality between the electricity which decomposes a body and that which is
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generated hy the chemical action which produces the direct decomposition of an
equal quantity of the same, or of a cliemically equivalent quantity of some other
body. He is thus led to pay attention to the theory of the pile, and to recog-
nize that the power of this apparatus originates in chemical action, and not in

the contact of two heterogeneous metals—a contact which is not necessary
either to produce a spark or to cause a chemical decomposition.

He establishes, in the 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 being necessary to bring the zinc into contact with any other metal. He
shows that in every pile the presence of an electrolyte (that is to say, a liquid

susceptible of being decomposed) is indispensable for the evolution of elec-

tricity. Then, distinguishing in the electricity generated the intensity (or the
tension) and the quantity, he studies the circuuistances, de ending eitlier'on the
nature of the chemical action or the number of voltaic pairs associated, which
exert an influence on these two characters of the cuixent. In a word, he estab-

lishes such a correlation between that which occurs in the interior of a pile, and
that which takes place in the electrolyte interposed between the poles of this

pile, that it is impossible not to admit (with him) that electrolytic decomposi-
tion is nothing but a form of chemical aflinity transferred from the pile into the
electrolyte deconq^osed.

Wishing to ol)tain an idea of the quantity of electricity which is associated

with the particles of_ which matter is composed, he endeavors to estimate that

which is necessary for the decomposition of a grain of water, regarding it, as he
is justified in doing, as equivalent to that produced by the direct chemical
action (of the acidulated water upon the zinc) which decomposes this grain of
water. He arrives at this incredible result, namely : tlMit this quantity of elec-

tricity, appreciated by the heat evolved by it in traversing a fine platinum wire,

is supeiior to that manifested in 800,000 discharges of a battery of Leydcn jars,

charged l)y thirty turns of a powerful plate-machine, and consequently equiva-
lent to that constituting a violent flash of lightning.

The researches of which I have been speaking were made in 1833, 1834,
and 1835. I had previousl}^ paid attention to the same questions, and had
arrived l)y somewhat different methods at the same conclusion with Faraday,
namely: that it is in chemical action that resides the origin of the evolution of

electricity in the voltaic pile. Faraday frequently alludes to my investigations

in a very kind manner ; and subsequently (in 1840) he wrote me a letter in

which he said that, being a thorough adherent of the chemical theory, he had
just attacked the question directly, as I had already done, by demonstrating that

contact alone, if not accompanied by chemical action, is not a source of elec-

tricity. The memoir in which he probes this question to the bottom is the last

which he devoted to this department of electricity. In it, by means of a multi-

tude of ingenious experiments, he demonstrates that the presence of an electro-

lyte (that is to say, of a liquid which is at once a compound and a conductor of

electricity) is indispensable for the production of electricity in a voltaic couple;

he varies his experiments in a thousand ways, sometimes b}^ exhausting the

number of chemical compoimds employed as electrolytes, son;ietimes by the inter-

vention of temperatm-e or of other agents ; and he concludes by showing by
general considerations the improbability of the existence of a force of contact.

We may say that this last work, a ]n-ecious supplement to the preceding ones,

has rendered perfectly evident the truth of the chemical theory. This theory,

foreseen by Wollastou and Fabroni, but opposed by most of the physicists of

the earh' part of the present centmy, had found a powerful argument in its favor

in the beautiful experiments of the elder Becquerel upon the electricity developed
by chemical actions. It was then (from 1825 to 1835) that, profiting by these

experiments, and seeking, on my own part, to make others of the same kind
although in a slightly different direction, I published several memou's to support
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and render more precise the cliemicul theory of the voltaic }iile. But I cannot

but admit that we are indebted to Faraday for having based this theory upon

irrefutable proofs, not only by the great numljer and variety of his researches,

but especially by his beautiful disct)very of the definite decomposing action of

the electric cunent—a discovery which established between the external chemical

action of the voltaic pile and the chemical action which takes j)lace in the interior

of tliis a}t]iaratus. a relation so intimate that it is impossible not to see in the

latter the cause of tlie former.

III. In 1831 Faraday discovered electrical induction ; it is the most important,

although perhaps not the most brilliant of his discoveries. I'en years before

(in 1S21) he had observed a perfectly new phenomenon in the science of elec-

tro-dynamics—that science which issued complete, as we may say, from the brain

of Ampei-e, after Oersted's discovery. Struck by the experiments of the great

French physicist upon the mutual attractions and repulsions of electrical cuiTents

and magnets, Faraday was led, by theoretical ideas which were rather disputable

and not very comfonnalde to the principles of mechanics, to assume that an electric

cuiTcnt must turn round the pole of a magnet with a continuous movement, and
reciprocally that the pole of a magnet must in like manner turn round an electric

current. He verilied this double result by experiment ; and Ampere soon showed
its accordance witJi his theory, adding to it other facts of the same natui'e. It is

not the less true that the discovery of a continuous movement of rotation due to

the combined action of a magnet and an electric current was quite unforeseen,

and at the same time very important ; for up to that time there was no example
of any such action in jdiysics. It Avas a first step in the course which was to

lead to the finding of a relation between mechanical movement and tho mole-

adar forces.

Arago (in 1824) was the first who directly established this relation by his

beautiful discovery of magnetism by rotation ; for he showed that simple

mechanical movement could render a body, in itself non-magnetic, capable of

acting upon the magnet. Faraday advanced still further in 1831 by discover-

TTjg that it w3« sufficient to bring towards, or remove from, a metallic wire I'onn-

ing a closed circuit another parallel wire traversed by an electric current, or

simply a magnet, in order to develop in the former wire an electric cuiTcnt. He
discovered induction—that phenomenon which so many others had sought iu

vain, although suspecting its existence, but wliich he alone had succeeded iu

producing.

Let us dwell for a moment upon his fundamental experiment. Two metal

wires covered with silk are rolled together round a cylinder of glass or wood ;

tlie two wires are thus isolated, and have all their spires approximate and par-

allel. An electric ciuTeut is -passed into one of these wires; imujediately a cur-

rent is manifested in an opposite direction in the neighboring wire, tho extremi-

ties of which are united by a galvanometer; but this current only lasts for a

moment. The cuiTent passing through tho first wire is intemipted ; immedi-

ately another current is developed in the second wire, which is momentary, as

in the former case, but directed in the same way as the producing current,

instead of in the contrary direction. The momeutarincss of these two currents,

and the fact of their alternately opposite directions, constitute the two impoitant

cliaracters of this new mode of production of electricity.

Faraday did not stop at this. Starting from Ampdre's idea that a magnet is

only an assemblage of electric currents arranged round an axis in a manner
very analogous to the circulation of an electric cun-ent through a metallic wire

rolled into a coil, he tried the replacement, in his fundamental experiment, of

the wire traversed by the current by a simple magnet. For this purpose he

twnsted 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 thai a^ this moment
a momentary current is developed in the coil of wire, and that a seo->nd, equally
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reomentary, but in an opposite direction, is developed at the moment when the

magnet is withdrawn. Here, therefore, was reahzed that production of elec-

tricity by mag-netism which Faraday had long been seeking, convinced, as he

was, that as electricity produces magnetism, magnetism in its turn must produce

electricity.

Is it necessary to follow Faraday in the multiplied experiments T)y which he

demonstrates that the ele^^tricity 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 teiTestrial 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. He foimd that it was not even necessary to

employ metallic wires to ascertain the influence of the terrestrial magnetism

upon the production of induced cuirents, but that it sufficed to set a metallic

disk (of copper for example) in rotation in a plane perpendicular to the direc-

tion of the inclination-needle to find that it is trnverBcd by electric currents

passing fi-om the c<?ntre t<> the circumference, or from the circumference to the

centre, according to the direction of the rotation. Still more readily does the

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 satisfactory manner the phenomena
of magnetism by rotation discovered by Arago.

These cim-ents, although difficult to perceive, must neveribeless possess con-

siderable power, since they can drag a rather heavy magnet by the action which

they exert upon it. It is probable that this power is due less to their individual

intensity than to their numbei-, which appears to be very consideral)le. We
may cite two examples which pixive in a stinkiug manner the energy which this

mode of production of induced euiTents may acrpiire. The first is funiished 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 unmagnetized electromagnet

to turn upon itself, he saw this mass stop suddenly the moment he magnetized

the electro-magnet, 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 l)y Foucault, of the sudden stoppage which is likewise

experienced b}^ 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 onl}^ be surmounted by a considerable etibrt, 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 eftect 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 ])e 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 18.34

ho 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 fu-st at the moment when the latter cuiTcnt 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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tlie passage and interruption of the cniTcnt in the wire. We all know tliG

advantage that has been taken of this combination in the construction of very
powerful apparatus. Wo also know how, fi'om one improvement to another,

we have come 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 cuiTcnt by the influence of an exterior cun-ent) 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. He ascertained,

what no one had previously suspected, that 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 e2"ect produced—that, of the various

bodies, some facilitated the development of electricity at a distance, 'v\hilst

others completely stopped it. He named the former dielectrics ; and he proved
that these dielectrics, which are essentially resins, sulphur, shellac, oils of tur-

pentine and naphtha, Sec, enjoy this property of transmitting electricity by influ-

ence in different degrees, whilst there is not in this reepect any ditiereuce

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
j

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, l)nt that it is effected

by the intermediation of the particles interposed between the inductor and the

inducted body. He assumed that these particles are polarized one after the

other, which M. Matteucci afterwards demonstrated directly l)y experiment
j

that consequently the mode of propagation of electricity is the same in insu-

lating as in conducting bodies ; and that the various substances only difler 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

fi'om this to the analysis of the diflerent modes in which electrical discharges

take place, some obscure, others luminous, some 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 interjiosed 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 jihenomena—that

these polar forces emanate from contiguous particles ; such ai'c the })riuciple3

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,

i;efemng 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 which he 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-dynamical induction have 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-dynamics, discovered by Ampere, with the electrical phenomena due
to mechanical movement, discovered by Faraday.

Ampere and Faraday : two names which will always be united by the inti-

mate relation of their works to the history of the science of electricity, in which
they have opened such new and vast horizons; and yet minds as dissimilar in

their mode of proceeding as similar in the power of their genius. Both eirii-

nently endowed with that faculty of divination which generates great discoveries,

but one of them, Faraday, arriving at them by impression, by a kind of instinct

which never deceived him, the other, Ampere, advancing with a more certain

step, having as his instrument those calculations which he handled with such

remarkable ability, and thus aniving at results which he hardly required experi-

ment to confirm, so certain was he that this would not contradict him.

IV. I now pass to the last gi'eat series of Faraday's works. I have said, and,

1 think, proved, that induction was the most important of his discoveries ; I

must now say that the action of magnetism and electricity upon light was the

most brilliant. Often the attempt had been made to see whether magnetism and
electricity exerted any direct influence upon light ; but these attempts had always
failed. Investigators had operated upon luminous rays travelling in the air of

in liquids, and endeavored to act upon them, sometimes by strong magnets, somor

times 1)y electric currents or by statical electricity ; but these attempts had led

to nothing, absolutely nothing. All these negative investigations have never

been published, but they have nevertheless been made.
Guided bj" theoretical considerations upon the mutual correlation of the forc-es

of nature, Faraday, after many fruitless attempts, succeeded in finding the con-

iiection wdiich exists between light and the 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 lengtlv

This prism, terminated V)y two square and parallel bases, the surfaces of which
are well polished, and which are those by which the ].x>larized ray penetrates and
issues from tlie prism, is placed between the poles of an electro-magnet in such a
manner that its length and, consequently, the direction of the transmitted rav^

are pai'allel to the line joining the magnetic poles. Lastly, the polarized ray on
issuing from the glass prism only reaches the eye after passing through a Nioors
prism, which serves as an analyzer. It is also by traversing a jS^icol's prism

before penetrating into the glass prism that the ray of light is polarized ; but

this may be eflected in any other manner.
It is well known that by tm'uing the analyzing prism to a certain angle the

polarized ray is extinguished in such a manner that the brilliant s})ot is replaced

by a black spot. If, after this operation has been effected, a strong electric cur-

rent is passed through the wire suiTounding the electro-magnet, the black spot

disappears and the bright one again makes its appearance. Then by turning

tlie analyzing prism a little further in the same direction, the luminous ray Is

again extiiiguislied; but this extinction ceases as soon as the magnetic action ia

suppressed by the inten'uption of the current which magnetized the electrjo-

magnet. The action of magnetism, therefore, consists simply in causing the

plane of polarization to tiu'n by a certain angle, and to give artificially to tlic

glass, while it is under the magnetic influence, a property which certain §ii\y-

stances, such as quartz and essence of turpentine, possess naturally.

Any transparent substance, except gases, may serve, although in difFcren:!

degrees, as the medium for magnetism to act upon the polarized ray. But that

by means of which this influence is best manifested is the yellowish heavy ghiss

(borosilicate of lead) which Faraday obtained in his experimental researches

upon the fabrication of glass for optical purposes. He happened to have a^

hand several specimens of this glass ; and it was by using one of these for per-
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cpvery to wliicli I liave 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 sul)-

stance, suspended between the poles of an electro-magnet, places itself axialJij,

(that is to say, parallel to the line which joins the poles,) a ])rism of heavy
glass (the same, for example, whicli served for the expenments 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 ; l)ut all

bodies in nature which are not magnetic (and tkese are by far the most numer-

ous) present the same pi'operty, although in various degrees. In this way
Faraday comes to class all bodies under two heads : those which are magnetic

or paramagndk^ as he calls them, such as iron, nickel, &c. ; and those wliich

are diamagtwtic, such as bismuth, antimony, heavy glass, &c. The character

of the former is to T)e attracted by the magnet, that of the latter to be repelled

l)y it. It is true that this repulsion, to become sensible, requires an enormous
magnetic power even in the case of bodies of which the diamagnetism is most
strongly marked, whilst a very weak magnet is sufficient to betray its action

upon the magnetic bodies, such as iron, steel, nickel, &c.

It therefore required very powerftil means, such as Faraday employed, for the

discovery of diamagnetism. Nevertheless a distinguivshed amateur in science,

M. Lebaillif of Paris, had shown, as early as 1S2S, that a fragment of l)ismnth

or antimony ver}' evidently repels a delicately suspended magnetized needle

when brought as near as possil)le to one of {\ui poles of the needle, but without

touching it. Mr. Faraday was ignorant of this circumstance when he published

his first work on diamagnetism. I innnediately informed him of it, at the same
time indicating the journal in which I had published M. Lebaillif 's experiment,

which I had witnessed at the time. He accepted my reclamation in the most

amicable manner, and at once, with his usual good faith, recognized the priority

of M. Lebaillif with regard to bismuth and antimon}'.

In the numerous researches which Faraday devoted (from 1845 to 1855) to

diamagnetism and at the same time to magnetism, there are some important

points which I must indicate. He discovered the remarkable influence exerted

u]>on this kind of properties by the molecular constitution of bodies, and espec-

ially by crystallization. He showed, for example, that a crystallized lamina

of bismuth or antimony can place itself axially l)etween tlie poles of an electro-

magnet like a magnetic body, as well as equatorially, and that the position

which it takes depends on the manner in which it is suspended relatively to the

direction of its cleavage. He endeavored to investigate the i'orce which comes
into play in facts of this order, which he names marincfocrjistalUm force ; whilst

Pliickcr, on his part, widened its field by his lieatttiful and numerous researches

on the manners in which crystals place themselves between the poles of an

electro-magnet ; and Tyndall, the worthy successor of Faraday at the Royal
Institution, by .his ingenious experiments analj-zed the phenomenon in its gener-

ality and succeeded in connecting it, in a perfectly satisfactory manner, with

the laws which govern magnetism and diamagnetism. Subsequently Tyndall
succeeded also in demonstrating, by a decisive experiment, that diamagnetism,
like magnetism, is due to a })olarity caused by the influence of the magnet in

the diamagnetic body, but with this difference, that, instead of opposite poles,

homonymous poles are developed by the poles of the magnet. Thus fell to the

ground all the other more or less rash attempts at explanation w'hich had been
given i)f diamagnetism.

Another point which deserves attention is the investigation which Faraday
made of the magnetism and diamagnetism of gases. He arrived at this curious

result, (observed likewise by Edmond Becquerel at the 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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forming the experiment just described that he discovered the magnetic rotation

of the ])lane of poLirization, a phenomenon which would prohably have escaped

him if he had made use of ordinary ghiss at first starting. Thus the long and
painful labors to which he 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 em-iching it with one of his finest dis-

coveries.

Let us now study the new phenomenon a little more closely, so as better to

sl^ow all its importance. Some substances, 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 obseiwer. The discoveiy of Faraday was that the

influence of magnetism or of electric currents develops this same property in

nearly all transparent substances, but with this difference, that the direction of

rotation of the plane of polaiization depends only upon the position of the

magnetic poles, or the direction of the currents with relation to the transparent

substance. The law is, that if the north pole of the electro-magnet is placed

on the vsarae side as the observer who receives the ray into his eye, and conse-

quently the south pole on the side by which the polarized ray enters into the

substance, the rotation of the plane of polarization takes place, to the observer,

from left to right. It takes place from right to left if the direction of the cur-

rent, and consequently that of the magnetization, be changed. The action of

the magnet may be replaced l)y that of a coil in the axis of which the trans-

parent substance is placed. In this case, again, the rotation of the plane of

polarization is very well observed when a rather strong current is transmitted

through the wire of the coil ; and the direction of the rotation is always tlie

same as that of the current.

Thus, whilst in substances naturally endowed with circular polarization the

rotation of the plane of polarization always takes place, according to the nature

of the substance, either to the right or left of the observer, in Faraday's experi-

ment the direction of this rotation only depends upon the direction of electric

currents or the relative position of the magnetic poles, since it is completely

independent of the position of the observer. These two kinds of action are

therefore not identical, and we cannot say that by the influence of the magnet <

or of electricity we produce in all transparent bodies exactly the same property

that certain substances naturally possess. Faraday well shows this ditlerence

by an experiment which consists in producing, by an ingenious artifice, the inter-

nal reflection of the polarized ray upon the extreme surfaces of the prism ; this

may be done once or several times before the ray is allowed to escape, and
doubles, triples, or (j^uadruples tiie angle of rotation of the plane of polariza-

tion, according as the ray is reflected once, twice, or three times. But when,

instead of the magnetic, we have to do with the natural rotary polarization, the

result is quite different, the return of the reflected ray neutralizing the effect

which the direct ray had undergone while travelling in an opposite direction.

In this case the angle of rotation of the plane of polarization reflected twice,

and which consequently has. three times traversed the transparent substance, is

no greater than that of a ray which has only traversed it once.

The general phenomenon so unexpectedly discovered by Faraday has hith-

erto remained unexplained, notwithstanding many investigations, and especially

the persevering and remarkable researches of M. Verdet.

It has not even been possible to connect it with some other property of bodies,

although each substance has its specific magnetic rotatory power. Faraday,

however, drew from it a general consequence which led him to another dis-

covery, namely : that magnetism acts upon all bodies, since all transparent

bodies may be modified under its influence sufficiently to acquire, in difierent

degrees indeed, a power which they do not possess of themselves. The dis-
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other erases are diamagnetic. Considering the great part taken l)y oxygen in

the composition of our atmosphere, he attempted to explain, by the magnetic

properties of this gas combined with variations of temperature, the phenomenon
of the diurnal variations of the magnetic needle which he traced over all parts

of the surface of the globe. It is impossible for us not to regret a little the

consideralile time which he devoted to this investigation, especially as it appears

to us very probalde that it is not in the action of the atmos])here, l)ut much
rather in that of the earth itself, or perhaps even in that of the sun, that we
must seek the cause of all the j^henomena presented by the magnetic needle.

Lastly, a third point remains to be noticed, namely, that which relates to the

investigation of the magnetic field and of what Faraday denominates the lines

of magnetic force. According to him, as we have already had occasion to

remark, there is no such thing as action at a distance ; consequently the mag-
netic field (that is to say, the space included between two approximated mag-
netic poles, such as those of a horseshoe magnet) is a medium from which, in

every one of its points, forces emanate, the distribution and direction of which

are indicated by the ver}^ regular arrangement effected by fine iron-filulgs

placed in this space. The lines which he calls lines of magnetic force thus

become visible and even tangible. But they exist none the less even when we
cannot see them, and it is the displacements or modifications which 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 the magnetic field is the

scene. Such is, in a few words, Faraday's Anew upon this particular question.

We pass in silence over a multitude of interesting details upon diamagnetic

polarity, upon the distinction to be set up between magnetic and diamagnetic

bodies, and upon the possible relation between gravity and electricity. In
L850 Faraday reverted to this question, which he had previously attempted, but
without success. We see that it is with regret that he is obliged to relinquish

the discovery of this relation, which he had twice sought after ; but with his

usual good faith he admits that, although convinced that it exists, he was una-

ble to find any fact to establish it. If experiment, which he knew so well

how to employ constantly, gave him a negative response, would not this be
because his point of view was not con*ect ? and did not his error arise from his

forming too vague ideas as to the transfonnation of forces, not taking suffi-

ciently into account that it is the work ejffected 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 only
remains for 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 the progress of science.

The first character that strikes us is their number. What Faraday published

in the form of memoirs, fi-om 1820 to 1855, is incredible. And what would it

have been if, side by side with the multitude of experiments wliich he has made
known, Ave placed in a parallel series those which he never published *? It is

trae that if he has left them buried in his journal, it is because they gave him
negative results ; but from how many fruitless essays and erroneous attempts
he would have preserved scientific men if he had not been so discreet

!

A second character is the exactitude of the results obtained : I do not think
that Faraday has once been caught in a mistake ; so precise and conscientious

was his mode of experimenting and observing. It must be admitted that iu

him the hand marvellously seconded the head ; he was of remarkable dexterity,

and possessed 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 attaining with more certainty the desired result.

A third character, of quite a different kind and of much greater value, is the

originality of the works of Faraday. A disciple of Davy, he undoubtedly



2i4 MICHAEL FAKADAY-—HIS LIFE AND WORKS.

shows traces of the school from which he came, especially in the choice of the

subjects of which he treats ; but he does not blindly follow either the method
or the steps of his master, and, soon quitting the beaten track, he strikes out a
path for himself. What is this path ? I shall be asked. This 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, the science of physics had acquired a character

of precision and clearness which seemed almost to make of it a mathematical

science. The fine treatise, in four volumes, on Experimental and Mathematical
Physics, published in 1816 by M. Biot, gives the most correct and conqilete idea

of the point at which this science had arrived. To the confusion which still

reigned in the middle of the eighteenth century between the various depart-

ments of the science, to the 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, elec-

tricity, and magnetism were regarded in it as so many distinct agents, having
their special properties and obeying their own laws. Calculation was admirably

fitted to these clear and precise conceptions ; hence wo find it greatly used, as

witness the very title of M. Blot's treatise.

The great discovery of CErsted, (in 1820,) upon the relations existing between
electricity and magnetism, 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 Arago upon light. The breach once opened, the

fortress was soon entered ; and among the most intrepid assailants Faraday
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 aiid permanent
gases. By his investigations upon voltaic electricity, he establishes between
chemical afiinity and the production of electricity a relation so intimate that it

seems as if the one was only a form of the other. By his discovery of induc-

tion, he brings in mechanical movement as an important element in the produc-

tion of electrical phenomena. By his experiments on the iniluence 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. He
succeeds thus in establishing between the natural agents which wo name light,

heat, electricity, magnetism, chemical affinity, and molecular attraction such

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 he is not the only one that has followed this path.

Many others have brought in their contingent to this work of demolition and
reconstruction 5 but he was one of the first, most active, and most persevering.

Therefore his works, I have no doubt, will always be regarded as corner-stones

in the new edifice which we are now endeavoring to construct.

I designedly say, ?r/i/cA w'C rtre endeavoring to constntcf ; 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
imponderable rether, and a mechanical impulse. Vulgarizers of science, more
anxious to produce an effect than to remain faithful to scientific truth, proclaim

a molecular system of the world destined to foiTn a pendant to the Mccanique
Celeste 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 inq^ulse 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 diffusion ; for it is especially

upon those who take to themselves the high mission of popularizing science
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that it is imperionsl}' incumLent to spread nono hut coiTcct 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 feiv

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
general considerations upon the phenomena of nature, the philosophers finished

by adopting, with Galileo, the experimental method, the only one that can lead
with certainty to the discovery of the truth. A rigorous and profound analysis,

placed at the ser\'ice of this method, furnished certain and fiindamental results.

Reverting to a synthetic phase, many superior minds now seek by means of

these tediously and painfully collected materials to reconstmct 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
consequently 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 ?

do we know their natm-e ? We have certainly proved transformations of move-
ment, and shown that one work may change into another work, mechanical
motion into heat, and heat into mechanical motion ; these are, without doubt,

the most important points gained l)y science, and enable us to get a glimpse
of the existence of a single cause manifesting itself in various forms. But it

is a long way from this to the discovery of this cause, tliis single force. Shall
wo some day ariive at it ? It is possible and even proliable ; 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 NATUP.AL METHOD.

BY M. FLOURENS, PERPETUAL SECRETARY OF TUE FRENCH ACADEMY OF SCIENCES.

Translated for the Smithsonian Institution by C. A. Alexander.

Introduction. Few books of botany, or even natural biatory, have had more
success than the small treatise of Magnolt (I say small, for it has less than a

hundred pages,) entitled : Prodromus Ilistorios Generalis Plantarum in quo
Familice Plantarum i^er tabulas disponuntur, Mouspelii, 1689, The fine preface

of this little book—and it is only the preface which is fine—comprises but thirteen

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, X I thought
that I could perceive in plants an affinity, according to the degrees of which it

might be possible to arrange them in diSerent 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 tt> 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 afiiuity, 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, v/ilhout

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 be arranged in families as we ari-ange animals ; he

seeks \\\id parts in which the jirincijjal chararteristic marks occur ; he sees that

the characters offamilies may he derivedfrom the first leaves of the germ, ifc.

And yet how much uncertainty is still apparent—how much vagueness ! Some-
times he considers such or such parts separately, the roots, the floicers, the

seeds ; sometimes he considers several of them together ; sometimes he con-

*An account of several members of the distiutruished scientific family of Jussieil will be
found to be embraced in the present article. "When, in 1838," says M. Flourens, "I had
pronounced before the academy the Eloge, of Laurent de Jussieu, M. Adrien de Jussieu ex-

pressed to me an earnest wish that the study should be extended to all the members of his family,

and that some details might be added to show their patriarchal habits and the ties of mutual
regard which united them. He then confided to me certain private manuscripts which his

premature death has devolved on me the duty of employing, and of v/hich I have reproduced
some extracts in this notice."

t Magnol was the fir.st who introduced into the Method the word "family."

+ This method, too diffirult, though very learned \quamvis (/oc£issii!<'«m,) indicated at that

early period the grand division of monocotyledons and dicotyledons : hcec diinsio (that of

dicotyledons and monocotyledons) ad arbores ctiam extendi potest : siqiiidcm pulma ct con-

generes hoc respectu eodem viodo a reliquis arboribus diffcrurit quo monocotyledones a rcliquis

hcrbis. {Joannis Raii, Methudus Plantarum Nova, etc., lC8xJ.)
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siclers the wlwJe of the plant. Hesitation is everywhere conapicuous, because

the inquirer is destitute of a guiding principle—the principle established by
Bernard de Jussieu and developed by his nephew Laurent—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," {methodus naturalis

primus et vlhmusjinis botanices est et crit.) To this end, in effect, have tended

all persistent and comprehensive researches. AVhen, in the middle of the six-

leeuth century, Gesner indicated the characters drawn from the fructification

as the most essential,* he pointed out the right path. " It was Gesner," says

M. Cuvier, "who discovered the art of distinguishing and classing plants by the

organs of fructification, the art which has, in tmtli, created scientific botany ;"t

when, shortly after Gesner, Caisalpiuus founded the first genera on the root and
germ ;| when, profiting by the labors of Gesner and Ca?salpinu3, though without

acknowledgment, Morisou established his classification on the seeds ;§ v/hen

Magnol wrote the suggestive page just read
;||

when Tournefort excluded

from the constitution of genera every other character but that of flowers and
fruits ;^ when Linna?us published his Researches res|)ectiug Natural Orders ;**

these vigorous intellects did but follow, by successive advances, the route

opened by Gesner. The problem of the natural method was in the nature of

an enigma, which they transmitted from one to another, and of which the tv/o

Jussieus, Bernard and Laurent, eventually fouLd the solution.

The Jussieu family, natives of a small town in the mountains of the Lyonnais,

which separate the basin of the Loire from that of the Saone, had then exercised,

from sire to son, the function of notary for several centuries, when, about 1680,

ong'of its members quitted Montrotier, near the hamlet which bears their name,

in order to seek his fortunes elsewhere. This more enterprising member, whose
name was Laurent, having taken his degrees in medicine, established himself

'
'
* Ex his (tlore et fractu) enim jwtins quam foliis stirpium naturae et coguationes apparent.

"

{Epist.ad Tlicod. Zuinggeriim.) "His notis (afrnctu, semine et flore) stapbisagriaui et cou-

solidara regalem vulgo dictum aconito congerem facile deprehendi." (/iiJ.) " Melissa C'ou-

tautiuopolitana ad lamium vel urticam mortuam quodam modo videtur aceedere, semiuis

Jameu, uude ego coguationes etirpiimi iudicare soleo, figura differt." {Epist. ad Adolpk.
Occonem.)

t Bthliographie universdte, article Gesner.

t '"Partes sunt radix et germen : ex borum igitiir diiTereutiis prima genera constituenda

sunt." (De plantis, ], cap. 13.)

§ After claiming for his doctrines equal novelty and infallibility (Plantnrum Hist. Univ.

Oxoniensis, seu herbarum distrihutio nova, 1735,) pretensions on which the judgment of

Magnol has already been seen, Morison proceeds to say: "Notas genericas et esseutiales a
semiuibus eorumque similitudiue petitas per tabulas cognationis et aiSnitatis disponentes

stirpes exhibebiuius. Differentias specilicas a partibus ignobilioribus, scilicet radice, foliis

et caulibus, odore, sapore, colore desumptas adscribemus."

II
It was 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

find in the proceedings of our ancient academy (February C, 1709) this note of the secretary,

Fontenelle ; "I read to the company a letter from M. Pontchartrain to the Abbe Bignon,
dated Versailles, February 5, in which it is anounced that, for the nomination of the 30tli

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 Morison, Magnol, Ray, published their

general views, and thus opened for their successors the way to the study of the botanical
afiSnities, Riviu, by a few pages replete with philosophic views, anticipated Liunoous in sev-

eral points of the reform which was required in the nomenclatiue. {Introductiu Gcneralis in

rem Herbarium, IGDO.) Morison's work, Plantarum Uiibdtiferaruni Distrihutio Nota, Ijear.s

the date of 1672; h\H Plantarum Historia Universalis, thatof IGSO; the work of Ray, Mt:t/iodus

Plantarum Nova, S^c, appeared in lGd2 ; that of Magnol in 1689 ; that of Rivin, the title

or which has been just cited, in 1()90 ; and tho Elements 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.
H" Hsec, cum ita sint, genera plantarum statui non posse liquet, nisi flores simul et fructus

adhibeantur." {Isagogc in rem Herbariam, p. 57, 1700.)
** Fragmenta Methodi Naturalis vel Ordines Naturales, 1738.
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finally as a master of pbarmacy at Lyon. He there married and became the

father of sixteen children, three of whom, Antoiue, Bernard, 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 JUSSIEU.

Destined to the ecclesiastical profession and educated at the college of the

Jesuits, Antoine had, from an early age, substituted for the rude sports of youth
the observation of plants. This taste, already very decided in the child, became a

passion 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 of that, perhaps, which those duties might have properly claimed."

From the age of fourteen years he explored, in his herborizations, the environs

of Lyon, la Bresse, Bugey, Forez, &c., and even a part of Dauphiuy. To find

means of classifying the plants he collected, he addressed himself to a celebrated

jjhysician, M. Goiffon, who placed in his hands the Elements de Bntanicluc of

Tournefort. This work gave a fixed direction to his ideas ; and from that moment
all traces of the ecclesiastic disappeared.

Having 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 transport

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 liad the advantage

of hearing: Mag-nol. Thenceforward his most earnest wish was to obtain 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 botanist 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 Avell be imagined when, not later than the following

year, he found himself occupying, at the age of twenty-three, the chair from which

he had hoped to receive instruction ; for Isnard, who bad been at first nominated

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 to the vacant

place.

The volumes of our Academy contain several botanical memoirs of Antoine

Jussieu on Fungi, on coffee, the simaronha, contrayerva, torch-thistle, 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 Chaummtt in the Lyonnais, fMemmres de

r Academic drs Sciences, 1718;) the second : Physical researches on the ptiri-

factians of different parts cfforeign plants and. animals ivhich occur m France,

(Ibid., 1721 ;) the third : On the origin and formation of a species of convoluted

stones, called horns of Ammon, {Ibid., 1722;) the fourth : On the origin of

*" As he was going to tho Academy ot Sciences he had his breast violently pressed by the

axle of a cart which he could not avoid, and died December "20, 1708, aged only 53 years."

{Memoire Historique et Litteraire sur ie College Royal de France, par Abbi Goujet, article

Tournefort. )
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stones called adders' eyes and toad-stones, (Ibid., 1723;) and tlie fifth: Obser-

vations on some bones of a licad of th^ liijypopotavius, (Ibid., 1724.)
01" these memoirs the most imjiortaut m the first; it is, so to speak, the

author's memoir of discoi-ery. And yet how far was the learned world at that

date from any just conception respecting those phenomena of remote ages

which every day hecome more imposing in proportion as they are better under-

stood. If we listened to Antoine de Jusaieu, the question would seem to relate

only to certain national antiquities, which give to one people a title to glorify

themselves above others on account of their possession. " There is no nation,"

he says, " which does not pride itself on the monuments 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 any
other peculiarity which points to a remote origin. Even botany, since its

recent and striking progress has attracted more general attention, has been laid

nuder contribution as aliment for the sentiment in question. Thus MM. Lloyd
and 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 has enumerated all the places

in Germany which may pretend to the possession of these ancient vestiges of

nature. M. Scheuchzer, lastly, extols Switzerland for an unequalled affluence

in 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 equality

of advantages in this respect, he says :
" Of this I had an opportunity of sat-

isfying myself when, passing through the province of the Lyonuais 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 Gies \xq had the pleasure oi

observing on most of the stones which he picked up, the impressions of an
iufinitude 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 supposed
it, first remarks that in these stones the impressions of plants are found only

on the surface of the laminations. He next remarks, that on each flake or lamina

they are different and placed in different directions, and the number of these

flakes, the fecility of separating them, the great variety of plants distinguishable,

causes him, as he 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 the more curious inasmuch as these i)lants either exist no longer, or, if

they still exist, only in countries so remote that we should have no knowledge
of them without the discovery of these impressions." I have italicized the words
exist no longer, as being in effect not a little remarkable, and as presenting, though
under a rather hesitating expression, a first indication of the grand idea of the
Bufifons 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, ceterachs,

polypodiums, adiantums, osmundas, filiculas, and species of ferns which resem-
ble, he says, " those that R. P. Plumier and M. Sloane have discovered in the

islands of America, and those which have been sent from the East and West
Indies." He recognizes also leaves of palms and other foreigu trees, peculiar

stems, seeds, &c. But hoAV 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 content 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 tlie waters of

the pea have entered ; without speaking of the fearful overthrow of vast moun-
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 ivant of proof that the greater part of

outlauds, which seem to have been inhabited from time immemorial, were origi-

nally covered with the water of the sea, which has since either irjsensibly or

suddenly abandoned them." No ; truly, there is no loant ofj>roofthai the greater

part of the land has been covered by the waters of the sea, 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 Hoods, 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 fornuitions have constituted bays or

basins, have there retained these light bodies, some entire, others broken."

Thus, impetuous floods driven to and fro, violent Jiurricanes, 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, in regard to the

causes, so long hidden, of the displacement of seas, one could scarcely expect

from 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 most in-

trepid of our geologists, Leopold von Buch.
I may dismiss the other memoirs more briefly. In the second our botanist

examines a fossil seed, which he believes to be that of the arhor tristis, (Nycfante

de Vlnde,) of which marvelling travellers had related that it blossoms at night,

and that its flowers fall at daybreak, because they open in the evening and close

in the morning; in the third he considers the Jiorns of Ammon, which he takes

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, cephalopods mollusks,

closely allied to the nautilus ; in the fourth he treats of adders' eyes and toad-

stones, which, notwithstanding their absurd names, he rightly recognizes for the

teeth of certain fishes, and in one case, with rare precision, for the teeth of the

pogonias ; and in the fifth he discusses caxiain fossil hones, which he properly

refers to the hippopotamus ; thus, in the early years of the last century, presenting

some curious attempts, to which their date at least gives an interest, in fields

of inquiry 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

discovered'' 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 is 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 suftVages 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 hy sundry botanists during the lapse of nearly fifty

years in different foreign countries ; observations which can only be rtmdered of

advantage to botany by referring them to the place which they would naturally

occupy, and which M. Tournefort would not have failed to a3!>ign them, had he
lived till this day."

The modification, or, to use his own phrase, the new ferfection, 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 convenient!}'' to admit the plants

recently discovei-ed in foreign countries ; but he 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. He 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 nev/,

and that the new, in turn, has a multitude of others which are not found in the old
;

secondly, that the greater part of the plants which occur with us arrange them-
selves 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 aiTange themselves under common classes. These three

propositions are strictly correct ; and to appreciate their merit, it is enough to

remember that at the moment when Antoine wrote, the able dissertation of Buffon

on the distinction between the animals of the two continents did not yet exist.*

Strictly speaking. Antoine never occupied himself with method. We see this

in the care with which he deprecates an intention of interfering with that of

Tournefort ; still more clearly from his Discours sur les j^rogres de la hotanique,

and more than all from the Introduction a la connaissance des plantes. He says,

in the Discours, with reference to Fagon, who had called Tournefort to the Jardin

Royal : "For what advances is not botany indebted to him in the choice of the

most excellent person who had yet appeared, since he was skilful enough to

fix the principles of a science which till then had floated in uncertainty '\
"

And in the Introduction, " the most perfect of methods being necessarily that

of which the rules are the most simple and invariable, there is none more distin-

guished by these characters than that which teaches us to know plants by their

tiowers and their fruits." Now, the method which teaches us to know plants

by their flowers and fruits is that of Tournefort ; and the whole Introduction of

Antoine de Jussieu is litlle more than a siimmary exposition of that method.

Nevertheless, thanks to Vaillant,t he hsti already formed more just ideas

respecting the flowers, particularly the statnens, which Tournefort only regarded

as excretory vessels. " We understand," says Antoine, " by flowers that combina-

tion of parts called stameiis and pistils, serving for their multiplication."

A passage in his Discours paints, in an artless manner, the pleasure which the

Jardin Royal yields to those who 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 mtich of

what constitutes the separate riches of each nation."

* Antoine died in 1758, and the volume of Bufion on the distinct animals of the two con-

tinents appeared in 1771.

t It is proper to recall that six years before the celebrated Discours of Vaillant, a memoir
had been published by Claude Joseph Geoffrey, of the French Academy, on tlic Structure and
use of the principal parts of flowers, in which the sexual organs of plapts are detnoustrated.
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It was Autoine de Jussieu who, in 1720, consigned to the Chevalier Des-

Clieux, inidBhipman, 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 Antoine of a wholly different kind from

those 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 P/anfes. The memoir is enti-

tled :
" A history of thefacts ivhich have occasioned and perfected the assemblage

ofpaintings of plants and animals on sheets of vellum, preserved in the Bibli-

othtique dii Iloiy********
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-

fined 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 which he 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 he 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 of his 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 uniou of interests and affection rarely paralleled, at least in modern times.

In a like spirit Joseph, the yonngest,t came at a later period to join his two
brothers, for whom he preserved the same deference, the same devotion."

• * * * * * * *

* Histoirc flu cafe, (Memoires de P Acad, des Sciences, 1713, page 292, edition 17J6.) The
follow iug, 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

ohsercalion 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' facts and exact experiments, we may
regard as imperfect the descriptions of the coffee plant which have appeared lieretoforo, since

we have been enablsd 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 Peru 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, where he often joined the labors of the engineer with

those of the botanist. To him Europe owes several new plants, the heliotrope, cierge du
Perou, &c., with many curious and then unknown species. Condorcet remarks that, by a
singular chance, he was an acadeaiiciau for thirty-six years, without having ever appeared at

the Academy."
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BERNARD DB JUSSIEU.

§ 1.

—

His youth.

This first founder of tlie natural metbod, whose name is so^-well known, whose
personal history so little, was born at Lyon, 17th August, 1699. His youth
seems to have passed without indications denoting any special taste or aptitude,

much less superiority. Having pursued bis early duties at the Jesuits' college

in Lyon, and completed that of rhetoric, bis brother Antoine invited him to Paris,

in 1714, that be 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 Routh-

ern provinces of France, and thence to Spain and Portugal, took Bernard with
him as a comp;ruion. It was during this excursion, and especially during his

exploration of the Lyonnais and Saint Chaumont, that Antoine made his valua-

ble observations on natural history. '' Ilis young brother," as their nephew
Laurent tells us, " was then acquainted with but few plants, and had no decided
taste for botany ; the plants which he met with were examined, however, with so

much attention that he never forgot them ; and. at a greatly advanced age, still

perfectly recollected the places where he had gathered them."

In 1722 Antoine procured him the appointment of sub-demonstrator to the
chair of botany at the Jardin Royal, and unequal as the position might appear
to his merit and subsequent reputation, he could never be prevailed upon to

relinquish it ; nor, with the exception of two short trips to England, did he 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 faculty of Paris.
" The functions of Bernard at the Jardin Royal,'' as Laurent informs us,

"consisted in directing the cultivation of plants, and in conducting in the country
the berborizations of pupils who attended the courses. He also superintended the

gardeners, 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 he sedia-

lously watched under all the forms they assume at the different stages of their

growth." Tournefort had 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. The 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 for sec-

onding Antoine. He foresaw and prepared everything for his lectures. When
the care of the sick necessitated the absence of Antoine, on Bernard devolved
the reception 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 Bernai-d dc Jussieu and Linvceus.

From the mutual letters of Bernard de Jussieu and Linna3ust we are enabled
to form an idea of the singular contrast which existed between the two, united,

' Lanrent_ remembered havingr heard liim relate that on one of those occasions he brougjht
back wiih him from Loudon, in his hat, a pot containing two plants of the cedar of Lebanon,
which liad not, as yet, been seen in France. One of these two cedars forms, at this
day, a distinguished ornament of our Jnrdin des Plantes.

t Epistohe Caroli a Linne ad Bernardum de Jussieu ineditat, et mutum Bernardi ad Linnaum :

curunte Adriano de Jussieu. (Exactis Acad. Art. ct. Scient. Americ, t. v., ser. nov. Canta-
brigisc, Nov. Aug., 1854.) Must of the Lettres of Bernard had been published by Smith, but
translated into English. M. Adrien de Jussieu has given them in latin, the language in
which they were written, and interspersed them with those of Linnaeus.
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as they were, by a passion for study, and the same study ; the one all enthu-

siasm and unreserve, of an activity incapalile of restraint ; the other always self-

collected and calm, of an inertia alinoat insuperable. "These two celebrated

men," says Vicq d'Azyr, " of whom each was the only rival whom the other

could fear, were asssociated in many herborizations. The impatience of M. Liu-

uiBUS, who never asserted anything without warmth, opposed to the simplicity

and composure of M. Bernard de Jussieu, who looked on every phase of nature

with a regard of equal satisfaction, could not fail to present a very surprising

contrast." (Eloge de Linne.) This contrast is manifest even in the numerical

proportion of the letters. Of the twenty-eight of which the correspondence con-

sists, one is from Antoine, nine from Bernard, and all the rest from Linnaeus.

From his irrepressible inclination to learn from every one, as well as to communi-
cate information to others, Linnceus had the pen constantly in hand. " Assu-

redly," he says to the Abbe Duvernoy, " if I had ten hands they would scarcely

suffice to answer all the letters I receive ; and if you were to see me at this work
you would think that I did nothing but write and wasted therein both money
and time." " If I had as many hands," he writes to Jacquin, " as the famous

Chinese idol, I would still not have enough for all the answers I have to give-.

It is certain that I alone write more letters every year than all the other profes-

sors of the university together." Accordingly, while we have several volumes
of the correspondence of Linnaeus, as regards Bernard there can be no question

except of single and scanty letters. It had required all the heat of Linnajus

to melt the ice of Bernard, but this communicated heat could not subsist. Of
the last twelve letters of the collection there is but one from Bernard. Linnceus

grew weary, at last, of so inert a correspondent, and directed his epistolary

ardor to other quarters.

The correspondence commences in 1736, and terminates in 1763, thus em-
bracing a period of twenty-seven years. It opens with a letter from Antoine de

Jussieu to Linnajus, but evidently only an answer, for Antoine mentions therein

the " Flora of Lapland " as a work Linneens had promised to transmit, and
" which is eagerly expected in Paris on account of the early departure of our

academicians for those frozen regions." It was, in effect, at this time that, with

a vieAv to a more precise measurement of the figure of the earth, Bouguer, Godin,
and La Oondamine were proceeding to Peru, and Clairaut, Camus, Lemounier.
and Maupertius to Lapland.********
The second letter is from Linujens to Bernard. He had learned that An-

toine had devoted himself with great succes to the practice of medicine, and
is unwilling to trespass upon time so usefully employed. He therefore addresses

himself to Bernard, as being more at leisure, and consequently more disposed to

write. (How little did he know of Bernard.) Linnajus sends him his ''CritAca

Botanica," and solicits his opinion on it : "I send you," he says, " my Crkica,

a work written in a crude and uncouth style. I have been constrained to pub-

lish it almost without devoting to it a single moment, my whole time being oc-

cupied by my Ilortus Cliffortianus, which I propose to publish towards the end
of the yeax'." Bernard replies: " I have received your two letters, and your
Critica Botanica,^^ nor is there a word more respecting a book, which, by re-

forming the entire nomenclature of botany, substituted Linnfeus for nil other

terminologists, and naturally aroused the jealous susceptibilities of all scientific

cotemporaries. The foin-th letter of the collection is again from Linuajus, and
in this he announces himself as about to depart for Paris, where he arrived soon
after, (in 1738.)

Linnteus was then aged thirty-one, having been born in 1707, the same year

with Buffon, 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 iiis pocket, a pas-

sion for knowledge, and hope. From Sweden he had gone into Holland, first

to Amsterdam, then to Leydeu, and finally to Hartecamp. His resources be-
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coming exhausted, Hartecamp opened for bim new ones ; lae there found in George
Ciiffort, celebrated for his taste for natural history, a generous friend. It was in

the cabinet, the garden, the library of Ciiffort, that he wrote the following ad-

mirable workn : The Si/.sipjn Naturce, the Funda?nenia Botanica, the Bibliothcca

Botanicce, the Genera Plantarum, the Glasses Plantarum, (Sec, and that other

book, by uo means to be forgotten, the Hortus CJiffortianus, a touching testimonial

of the gratitude of a man of genius towards one of worth. In 1736 Linnaius made
a short excursion into England, and two years afterwards passed into France.

At the time of his arrival, Tournefort and Vaillant were no more, and the

two Jussieus held the sceptre of botany. He presented himself to Antoine,

with a letter from Van Royen, a learned professor of Leyden, who said of him

:

"The bearer is Charles Linnaius, whom I would cheerfully name iho, prince of
botany, if I acknowledged one."

The Jussieus received Linnaeus as Van Royen had hoped they would; and
during the month he remained at Paris he was constantly with them, especially

with Bernard, who placed himself xinreservedly at his disposal. In announcing
his projected visit, in the fourth letter, Limiosus had given the most lively and
ingenuous expression to his hopes :

" Happy shall I be if you grant me your friend-

ship ; if I shall be allowed to see your plants and those of Tournefort ; if, through
you, I can make some progress in a study for which an ardent thirst consumes me.
Hitherto I have received the kindness of all the botanists I have met with, and I

tnist that you will not be more difficult." These hopes were not disappointed. To
form an idea of the cordial union then cemented between these two individuals, it is

only necessary to pass from the letter, in which Liunasus announces his depart,ure

for P;u'is, to that which communicates his return to Stockholm—from the letter of

hope to the letter of acknowledgment: "I live in the recollection of your kind-

nesses, of your house, your table so liberally offered to me, your days which were
allatmy disposal, your garden, your herbariums, to which Ihad unrestricted access.

I returned 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 with success ; I have been recently appoint( d physician in ordinary

to the marine ; lastly, I have taken a wife, a friend long and ardently coveted, and,

if I may say so between ourselves, sufficiently rich, so that I am leading at present

a contented and tranquil life."

Proceeding with the con-espondence, I pass by a letter of Linnreus which
mentions nothing new but the foundation of the Royal Academy of Sciences of

Stockholm, in 1739, and arrive at a letter of Bernard; this time, a real lettei',

for the former was but a note :
" I discovered," he says to Linnasus, " during last

summer the flowers and entire fructification of the Pilularia, and have published
a memoir upon it in the acts of our Academy. This year I shall add a history

of the Lemma of Tkcoplirastus, a plant allied to the Pilularia, but differing from
it sufficiently to form a distinct species."

In the memoir on the Pilularia,* I remark a passage which could scarcely

* Bernard can, in strictness, be scarcely regarded as a writer. At most, he has loft in the vol-
umes of our Academy but three very short memoirs on botany, one on the Lemma, another on
the Pilularia, a third on the plantain, besides a zoological memoir, noto-f greater length, on the
polypes. The following briefanalysis of the three botanical memoirs is prestmted by Laurent

;

"The first memoir (17:39) gives a description of the Pilularia, a plant before but little

known. He shows therein the sexual organs, which had not then been discovered, and proves,
by their analogy with those of the ferns, that it is of the same family. The stamens especi-
ally are described with care, as well as the form of their pollen, and the phenomena which
they present in the water, seen with the microscope. He compares them with tiiosc he had
observed in the pollen of other plants submitted to the same examination. Plund on water,
he says, they presently eject, by a small rent tohich takes place at a paint of their capsule, a jet

of liquid or oily matter, ichich remains in the water tcithout mixing with it, and in small globules

of extreme tenuity. These grains of pollen, swelling in the fluid like small vesicles, have an
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have been written at that time by any otber than the destined founder of the

natural method : " My object," he saye, " is not to demonstrate in lliis place the

preference of one method over another ; I only propose in the present memoir
to compose the history of a pingular plant of the 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 thought them necessary for the perfect-

ing of the method. " " The character of a plant," he continues, " is what distin-

guishes 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 the

parts which compose the flower. We call that an vnromplete tharacter, or with

M. Linnanis an artificial character, in which are described only some parts of

the plant, while silence is observed respecting other parts which, according to

the 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, \}in:\\figure, and \)i\€\\ 'proportion are considered."

This being premised, Bernard proceeds to inquire to what place in the botani-

cal field the plant which he is studying should be assigned, following first the

method of Tournefort, and then that of Linnicus, and he very correctly decides

that the generic characters proposed by Linnceus 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 the Pilularia, and it is not possible, from such a

character, to give to this plant a place which will suit it in the classes of several

botanical methods. The mode in which iM. Linnaius establishes the natural

character of plants, in his book entitled Genera Plantarum, does afford this

advantage ; it is more exact, and appears to me to Jeserre some preference^*

From those last words we feel that Bernard already has a glimpse of something

preferable to the process of Linna3us ;t and, in effect, when he shall have suf-

ficiently matured his ideas, he will not stop, as he does here, with considering

together and on the same footing all the circumstances

—

number, situatum,

figure, proportion ; he will see that they have not all the same signification, the

same constancy, the same weight, and he will found the natural method on the

decisive principle of the relative importance of the characters.

Quitting the memoir, I return to the letters and find there, at nearly every

step, proofs of the profound attention with which Bernard applied his mind,

from this time, to the search for the natural method. Linnajus makes an

almost gpontaneous movement, or movement of attraction, and ajter the rent or expulsion of the

liquid, they remainflacxid and at rest."
" In 1740, M. de Jussieu presented amemoironthe Lemma, a plant known to the ancients,

but in wliicli flowers had never been observed. He showed that the small bodies situated at

the base, and similar, in some respects, to those of the Pilularia, contain stamens and pistils.

He describes both with the same exactness, observes the same phenomena in the pollen of

the stamens, and draws the same consequences, assigning the Lemma to the family of

ferns, in proximity to the Pilularia."
" The memoir presented in 1742 on a species of plantain which has but one flower at the

extremity of each stalk, is also very interesting. The author shows, in this plant, two
characters before unknown : the one, drawn from the absence of the pistil in this apparent

flower, which is male; the other, from the existence of several female flowers, hidden in the

axillie of the leaves, at the base of each stalk of male flowers."
" In order to omit nothing of the little written by Bernard, we cite, in the last place, his

memoir of 1747, on the effects of the Ean de Luce (a mixture of volatile alkali and oil of yellow

amber) against the bite of vipers. " Having made repeated proofs of it," says Laurent, and

being well convinced of the eflicacy ot this substance, ho always carried a flask of it with

him in his herborizations."

—

{Notes manuscrites sur Bernard.)
* Memoires de P Academie des Sciences, 1739.

t We feel it also from these other words: " There can be no embarrassment in giving to

the Pilularia in the arrangement of plants, a place which will suit it, from its manner of

vegetating. As, in the natural method, the monocotyledons should form the first general

division of plants, we will place it there, and, if there is any class into which it can enter, it

appears to me to be that of the ferns." {Mem. de V Acad, des Sc, 17o9.

)
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inquiry respecting his projected publication of tbe Plantcs of Pluraier* In reply

Beniaid says : " The Pluntes have not yet appeared, and will not appear before

I have gucceeded in arranging them in an order conl'ormable to the natural

method, or at least approximating to that method." In the following letter he
felicitates Linnaeus on his nomination to the chair of botany at Upsal. " I have

received this news," he says, "with great joy, for, devoted as you are to the study

of plants, your new position will give you new means of ascertaining that natural

method which is the 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

nearly twenty years later, in 1759, that he ventured to make, in the garden of

Trianon, the first experimental trial of his ideas.

The memoir on the polypes exhibits Bernard under another aspect ; he reveals

to us, in this remarkable study, that singular sagacity which seemed instinctively

to guide him to the truth in everything.t Nothing had more interested the

naturalists of the XVIII century, and nothing was better calculated to do so,

than the experiments of Trembley on the polype, 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. Tlae polypes of Trembley's experiments were those of fresh water ; the

polypes of Bernard are those of the sea, animals not less surprising than the

former, having equally the property of reproduction from 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 taken for plants ; they were called marineplants ;

it was even thought that the flower had been discovered, and the author of the

discovery, Marsigli, had become famous. Peyssonnel was the first who, in the

pretended flower of the coral, had the sagacity to recognize, in 17^7, a real animal,

the coralline animal, as he called it, the polype of the coral, as we say at present;

a fact which then appeared so strange that Reaumur, charged with the duty of

announcing it to the Academy, did not venture to name the author. " The esteem,"

said he at a later period, " which I felt for M. Peyssonnel made me avoid naming
him as the author of an opinion which could not fail to appear incredible."

Bernard wrote to Linnajus :
" I have made some excursions, and, last autumn,

traversed the coasts of Normandy, where I discovered things of no little novelty,

and you will wonder, some day, to see how much the animal kingdom is enriched."

In his memoir he says : "The diversity of opinions on the nature of the marine
plants, so far from satisfying a botanist, has seemed to me only the more capable

of stimulating his curiosity, and 1 acknowledge that mine has been excited by
the desire of making some researches on this subject." He 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 the question was considered to be decided, and a whole class of beings

* Since Bernard's time, the museum has received several manuscripts of Plumier, and in a
rather sins^ular manner. " Plumier had left a large number of manuscripts, some of great
value , but his monastic brethren, among- whom there was neither botanist nor naturalist,

held them in very little estimation. At the epoch of the revolution, when the convents were
wisited and the libraries of the moubs carried off, some of these manuscripts were found which
had served for fire-screens. M. Laurent de Jussieu had them carried to the Jardin du Hoi,
and deposited in the library. (Cuvier: Lecons sur I' Histoirc dcs Sciences Naturellcs.)

t In proof of this " singular sagacity," we are told that "Bernard de Jussieu's scholars
used to bring him flowers which they had mutilated or compounded with others, for the pur-
pose of testing his knowledge, and he always recognized them immediately. Some of them
having made the same experiment on Linnaeus, he said, ' God or your teacher (Jussiou) can
alone answer your questions.' " Cuvier, in a biographical memoir on Richard, calls Bernard
" the most nu)dest and perhaps the most profound botanist of the eighteenth century, who,
although he has scarcely published anything, is, nevertheless, the inspiring genius of modern
botanists."

—

(Encyc. Americana.)—Tu.

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
uttei'ance to these generous expressions :

" The attention which M. Peyssonnel
had brought to his observations ought to have convinced me sooner that these

flowers, with which M. Marsigli had endowed the different productions just

spoken of, were in reality minute animals."*

The tenor of all the letters written by Bernard to Linnjeus, or by the latter

to the former, is the communication and discussion of novelties like these.

"These things," says Bernard ingenuously to Linnneus, "constitute your delight

and mine : Hoc res sunt tuce, sunt mece delicicB.'^ At one time it is Linnaeus who
consults Bernard on some difficulty with which he is occupied. .What is the

Peloria, that species of metamorphosis which transforms certain Howers, the

flowers of the Liuaria, for example, from irregular flowers, as they usually are,

mio regular OMQ^I Must this be considered a monstrosity ? " That," replies

Bernard, "is what the seeds sown cannot fail to teach us." Nor was he mis-

taken; the Peloria is reproduced 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 sijmmctnj of beings, f has elucidated this

phenomenon, which, on examination, has been found much more general than

was at first supposed :| the Peloria is the 7?rm^V/^•<? and regular type of the

irregular flowers. At another time, it is Bernard who announces to Linnaeus

some new miracle of science : Sed quid moror 1 Ecce nova panduntur orhi

Utterario miracula. It chances, however, in this instance to be a false miracle;

the matter in question being the animalcules which Buifou thought he had dis-

covered in the liquids of females, and which do not exist there.

§

********
For another trait of Linnajus, we may cite the friendly warmth with which

he eveiywhere speaks of Bernard; going so f;^r at one time as to say "that he
loves him more than any one else, with the single exception of his wife."

,:): :(; * * >): * * >ic

The true key, indeed, to everything in Linnajus, is to be found in the inexhaust-

ible fund of his geniality and goodness of heart. Thus, how touchingly does he

speak in his letters of his pupils; calling Kalm, Kalmus noster ; Hasselquist,

his dearest disciple. We cannot wonder at the atfection which they in turn 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 new
subjects of study; with this view, Kalm betook himself to North America,

Forskal to Arabia, Hasselquist to Egypt, Toren to the Indies, Osbeck to China,

Thunberg to Japan, Sparrman to the South seas, &c. Through his disciples

the world, in some sort, pertained to him. On the other hand, if kindliness is the

characteristic of Linnajus, modesty is the quality Avhich attracts vis in Bernard.
||

Of this Linnaeus is especially sensible, and Bernard is the only botanist against

whom the former has not launched some shaft of petulant impatience. Well,

indeed, might he be considerate of that signal disinterestedness and silence which
left him the secure possession ot a supremacy which Bernard alone could have

disputed with him.

* Respectiufj the whole history of the cornl animal see the analysis of the manuscripts of

Peys.souuel, which I inserted in the Journal dcs Savants for 1838.

t See the Memoir of De Candolle, Smithsonian Report for 1859.

t Linna3us had at first observed it only in the Linaria arvensis ; it has been observed since

in several other plants of diiferent species.

^ See, in the notes of the edition which I have given of Buffon's works, the causes of this

error.

li
Nothing, his nephew Laurent tells lis, was moi^e familiar to him than the answer: je ne

sais pas (I do not know.) Jean Jacques, who had become an enthusiast in botany, sent to

ask of him what method he should follow. " None," replied Bernard ;
" let him study plants

in the order in which nature ofl'ers them to him. It is impossible that a man of such genius

. should occupy, himself with botany and not teach us something."
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The last letter of Linnoeus bears the date of March 1, 1763. lie had just

been named one of the eight foreign associates of our Academy, and says: "Of
all the academic titles I have received, none has flattered me so much as tliis,

with which I alone, of all my countrymen, have as yet been invested." On
Bernard's part the coi'respondence had stopped much sooner; his last letter

bears the date of 1751; a subject of no little regret, for it yra,s towards this

period that he made, at Trianon, the first trial of his natural orders. He would,

without doubt, have said something to Linnaeus on the subject, and however
brief his communication, it would now bo of much interest.

§3.

—

On Bernard de Jussieu^s mode of ohserinng in botany.

It is my good fortune, due to the kindness of Dr. Tessereau,* to be now able

to add to the memorials already considered sixteen 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 the

higher 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
plants and other objects of natural history. In an early part of the correspond-

ence Bernard, under date of December, 1736, writes as follows :
" You know

that the seeds of all the plants of the colony interest us ; I hope that y on will be good
enough to collect them for us, as time and opportunity permit. Pray do not neg-

lect to send us roots of the simarouba, as well as branches charged with leaves

and dried between paper, and the ripe fruit of that shrub ; skilful as you are in

drawing, you might sketch for us the flower it bears ; and you are highly com-
petent to give its description, with that also of the pareira brava, the ipecacuanha,

and other plants recommended by their virtues in medicine or use in the arts."

Apparently Bernard's estimate of Artur's competency must have undergone
some modification, for in the fifth letter he 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, in the description of all the parts which constitute flowers, be-

comes," he says, " more and more necessary for the perfection of the method
which arranges plants in classes, and distinguishes essentially each species; we
should not adhere solely to the fonn of the petals, and the pai't which, in the

flower, changes into fruit ; it is necessary to particularize the figure of the calyx.

its composition, the different figure of the petals, the part they occupy, their

number, their division, the number of the stamens ; whether they stand alone

and distinct, or whether, united in several bodies or a single one, they spring

from the sides of a calyx or a petal. The pistils are sometimes single and some-

times many in the same flower ; and tliere are three parts to be considered in

them, the lower, which is the ovary, the middle, which is the style, and the upper
and last, which is the stigma."

Everything in this little treatise is worthy of remark, for, in indicating to M.
Artur the mode of observing, Bernard, at the same time, indicates the scrupulous,

attentive, and complete manner (and for the first time complete in botany) prac-

ticed by himself. I think it proper, therefore, to reproduce the whole letter :

"These parts are not always found in the order in which 1 mark them ; in that

case, great attention is to be paid in observing the fact ; these parts, too, are often

multiple—that is to say, there are several ovaries, several styles, and several

stij^mas ; again, their figure, situation, porportion, vary, and all this requires de-

tails ; finally, the ovary becomes the fruit, either naked or enveloped, simple and

* An emiuent physician and author of a valuable treaties on hygiene.
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containing but one seed, or composite and divided into different loculameuts, and
the seeds have their appropriate form.

" There are, besides these particulars, bodies which are met with in the flowers,

either on the petals, or simply adherent to these petals, to the calices, to the base of

the embryons of the ovaries, where they appear as tubercles, cornets, ornamental

leaves, or narrow strips. As they serve to secrete, in the interior of the

flowers, a juice or honeyed liquid, modern botanists have given them the name of

nectarium; it is important to remark, in any flowers, whether this body exists,

what part it occupies, and what is its conformation. You well know that in

plants some are hermaphrodites ; others bear only flowers with stamens, and are

males; others, which are females, have only pistils; there are some which, on

the same stalk, are furnished, at different places, with distinct male and female

flowers ; we see what it is proper to observe, and also what is wanting in the char-

acters which have been established in the methods we possess respecting plants.

If you have time to labor more at botany, you will do well to verify all that

may suggest itself to you in reference to the principles I have above indicated
;

you will not only find in the occupation a source of pleasure, but will be enabled

by your reseaiches to correct, reform, and au,theuticate more particularly what-

ever information is attainable respecting the plants of the colony of Cayenne.,

Jn adapting your phraseology to the plants which you shall arrange according

to species, do not make use of comparisons, but express, in few words, the specific

mark which you perceive in a species, which serves to distinguish it from those

you already know ; if you know but one of the species, it is useless to bestow

upon it other phrases than the name it bears or which you may assign it, for we
should not distinguish a species which is unique ; this would be to distinguish

the known from the unknown, and the consequence is obvious. I write in 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 the plants you
wish to describe ; be on your guard respecting the varieties which cultivatiou or

a difference of soil may present ; these should be left to the amateurs of flowers

and fruits. Adieu, m}^ dear colleague."*********
§ 4.— The catalogue of Trianon.

The papers which contain this valuable memorial, the first foundation of the

natural method, are inscribed with this title : Order established by M. Bernard de

Jussiev,for the plants in the garden of Trianon, in 1759; with a notification by
Laurent, importing that " from this catalogue, written by his own hand, was
copied that printed in the Genera PJantarum."^

In this catalogue of Trianon, everything is reduced to a list of names; but

these names are arranged in a determinate order, and that happily-conceived

order has been found to contain the key of the natural method. Linnaeus also

had, before Bernard, given in his Classes plantarum (1738) a series of names,

fragments, as he expresses it, of the natural method—Fragmenta naturalis

7riethodi. How comes it, then, that the names of Linnaeus have produced nothing,

and that \hose of Bernard have produced the method 1 Simply because Lin-

naeus failed to discover the true order, while Bernai-d discovered and disclosed it.

* To this letter attention is doe, as important in the history of Bernard's progress towards

the natural method. It was necessary to commence by establishing the complete enumeration

of the characters, before pvoceeding to their appreciation, their relative valuation, the great

principle of the subordination of characters. This letter is of 1738, the catalogue of Trianon

of 17.59. Bernard does not hun-y himself, but he is always advancing.

t To this M. Adrien de Jussieu has subjoined the following: "The catalogue printed in

the Genera plantarum differs from it in some points: in the suppression of citations and
synonyms, tlie intercalation of certain species written in general by the hand of A. L. de

Jussieu, the omission of name in some families, and even the division of some of them. The
arrangment of all the hypogynous mouopetaleiE is here different, another manuscript, of the

date of 1765, having been followed in the printed -copy, in relation to this group alone."
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Not a few botanists have attempted, as well eiuce the deatb of Linnaaus as

during bis life, to di;?cover tbe key of bis names, tbe bidden principle of bis order,

but none has succeeded. Giseke, one of bis pupils, bud maintained at Gottingen,

in 17G7, atbesis on tbe Keui systcvis qfhotany, [Systemata jjlantarum recentiora.)

and, in reference to the natural orders of Linnaeus, bad said :
" Linnaeus has

written a series of name?, but nothing more ; no character, no description ; a

genuine enigma, almost impossible to divine; one knows not why such a plant

is placed here, another there, nor what reason has prevailed with the author for

uniting or separating them." After some hesitation he sent bis thesis to Lin-

naeus, who answered him with bis usual good-nature :
" You ask of me tbe char-

acters of my orders, and I confess that I cannot give them."

Bernard would not have spoken thus lightly of his orders, and would not have

changed tbe arrangement he bad given them for another, and this because he

possessed the key, the reason, tbe ascertained principle of that admirable arrange-

ment—a principle which, after having carried the natural method into botany,

has carried it into zoology, and will carry it everywhere ; a principle which is

to-day so universally recognized under the name of tbe principle of tbe subordi-

nation of characters " In examining characters," says Laurent de Jussieu in

speaking of Bernard, " that botanist had remarked that some were more general

than others, and ought to furnish the first divisions. After having appreciated

them successively, he bad recognized that the germination of the seed and the

respective arrangement of tbe sexual organs were the two principal and most

invariable. He adopted them, and made them the basis of the arrangement which

be established at Trianon in 1759."

There is, in effect, a visible succession, a visible suhordination of tbe organs,

and consequently of the characters. In plants, tbe first rank pertains to the

enibryo, the end and purpose of vegetation, as destined to preserve the life of

the species ; the second, to the organs which concur in the formation of that

embryo—that is to say, to the stamens and pistils—but taken together and con-

sidered in their reciprocal relations ; then come the organs which protect these

or the other parts of tbe flower, of the fruit, of the seed ; then the secondary

modifications of tbe essential organs themselves, considered separately; and then

tbe organs of vegetation, which contribute only to tlie individual life. Before Ber-

nard the characters ^&cq enumerated ; since his time, they are ajipreciated ; we
know, since then, that they have unequal values, that a character of the first rank

is equivalent to several of the second, one of these to several of the third, &c.

Neither Tournefort,nor Adanson, nor Linnaeus had discerned this controlling prin-

ciple ; Bernard perceived it, availed himself of it, and embodied it silently in bis

catalogue ; Laurent de Jussieu drew it thence, developed it, and placed it in full

light ; M. Cuvier transferred it, by giving it wider scope, from botany to zoology
;

and thus by successive steps we have been endowed with the natural method.

§ 5.— Old age of Bernard.

" Convinced that principles exist ready formed in nature," (it is Laurent who
speaks,) " and that tbe botanist ought to confine himself to seeking them there,

without attempting to establish them apart from nature," Bernard had excused
himself from the labor of composing a book. According to iiim, tbe perfect book
was open to all; it was only necessary to learn to read it. When be found

himself intrusted with the creation of a botanic garden, he could not fail to ex-

perience the liveliest pleasure, for it was the living book, of which he bad in-

dulged a dream, that he was now commissioned to produce by arranging plants

in the natural order, of which be bad discovered the clue. Simply to supply an

aid to his memory, be bad then composted bis catalogue, and such is the charm
of truth that this catalogue, which is only a long series of barbarous uames, be-

came the poetry of a life instinctively devoted to one great task.
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Years meantime had accumulated, and Bernard, always absorbed in bis

problem, perceived the lapse of time as little as be did the renown wbicb bad
encircled bis name. Notbing bad altered tbe serenity of tbe life of tbe two

brothers ; tbe love of order bad, in tbis bouse, passed from theory into the

most scrupulous practice. To tbis modest retreat in the rue des Bernardins

regularly resorted Malesherbes, Duhamel, Lemonnier, Poivre, and other dis-

tinguished men, whom similarity of labors and opinions and long attachment

united in the bonds of the closest intimacy ; here also every learned stranger,

particularly every botanist, was emulous of being introduced. The prolonged

life of tbe good Tessier has left to us only tbe impression of the aged man

;

here he appeared as the young debutant. Andi'e Thouin was indebted to tbe

two brothers for tbe origin of bis botanical fortunes, and not a few besides,

devoted upon similar grounds of gratitude and affection, enlarged tbe circle by
wbicb our celihataires were encompassed.

Occupied in scrupulously fulfilling towards his elder brother tbe duties of a

piety which might well be called filial, it is easily imagined with bow poignant

a grief Bernard was affected when a short malady bereft him of Autoine. He
fell into a gloomy reverie, from which nothing seemed capable of arousing him.

Seated alone at the once common fireside, bis long meditation only then began
to be interrupted by bitter reflections. He no longer quitted the house except

to go to tbe church, tbe Jardin Royal or the Academy.********
The protracted life of Bernard condemned him to blindness ; but those allevia-

tions which he had ministered to Antoine were in turn supplied to himself by
Laurent, tbe son of their eldest brother, who was, during many of his later years,

tbe inmate of his house. Seated daily near this nephew, and superintending bis

studies, the old man, under the appearance of a tranquil reverie, became once

more absorbed in his former pursuits ; it was as a second phase of the same life,

as a thought wbicb revives and is perpetuated. Passing away thus, tbe exist-

ence of Bernard may be said to have been at last rather transformed than ex-

tinguished ; bis mortal remains left the fraternal mansion November 6, 1777.********
LAURENT DE JUSSIEU AND THE COMPLETE VIEW OF THE METHOD.

M. de Candolle, in his Tlieorie Elementaire dc la Botanique, undoubtedly tbe

most original and maturely considered of his works, thus expresses 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 tbe most confidential intimacy, will

be always still more closely united by fame, we shall merely remark that what
characterizes the method of the Jussieus is that it is founded on tbe subordi-

nation of characters." Now, this problem of the distinct part borne by the two,

and the proper merit of each, a problem which M. de Candolle has chosen to

evade, is precisely that wbicb I propose to consider ; but, before attempting its

solution, it is necessary to refer to some manuscript notes of Laurent de Jussieu

respecting his uncle.* It is of interest to see how Bernard was regarded by

* These valuable notes on the life of Bernard de Jussieu are accompanied witli a notice

that " they were intended foi- instructions to M. de Condorcet." It was, in eft'ect, on these

notes that was founded the historical cloge of Bernard de Jussieu, read by Condorcet 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 that moment, which so shortly preceded
his death, Voltaire was the object of general admiration. " Paris contained at the same
time the celebrated Franklin ; the latter was naturally desirous of seeing a man whose fame
had so long occupied the attention of both the Old and the New World. Voltaire, although he
had lost the habit of speaking English, attempted to sustain the conversation in that language.
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his neplaeAv, who was at the same time his successor and contimiator ; without

whom we should with difSculty have penetrated the secret of his thoughts or

possessed the authentic explanation of his catalogue.
" He regarded botany," Laurent tells us, "not as a science of memory or of no-

menclature, but as a science of combinations, founded on a thorough knowledge
of all the characters of each plant. He compiled, every day, materials for form-

ing that natural order which is the touchstone of botanists. Always thinking

himself not sufficiently advanced, he neglected to publish his first essays, and
sought the improvement 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 few attain

or even aspire. '' He wrote little," continues Laurent, "but observed much ; and
the fruits of his labor would perhaps have been lost to science but for a favorable

circumstance, which obliged hitn to give a practical exposition of his general

system in the arrangement of plants." The favorable circumstance was the fol-

lowing : Louis XV having seen at Saint Germain the plantations in which the

Marechal de Noailles had indulged his taste, by collecting the trees and shrubs
of foreign countries, was struck with the fancy of forming similar ones at

Trianon, and of founding there a school of botany. With 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 on how mere a contingency depended our

possession of this ?iew 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 catalogue.

Respecting those ancient methods for which he substituted his new plan, Lau-
rent has conveyed to us the views of his uncle :

" Those methods were, according

to him, only descriptive tables in which the plants wei'e arranged agreeably to a

conventional order adopted for the convenience of those who study them. The
science, limited to these methods, is a factitious science, very remote from that

of the natural order, which 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 the existence of many from the pres-

ence of a single one, to refer on the spot this species to the order which suits it;

when he has destroyed the prejudice, so disparaging to botany, that it is to be
regarded as a science of memory and nomenclature, and has made of it a science

of combinations which affords aliment to thought and imagination, that man may
be called the creator, or at least the restorer of the science. Others will, perhaps,

extend its bounds, but he will have been the first to point the way, to trace the

plan, to establish the 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. The same conception reigns in the recent arrangement of the

Jardin Royal of Paris, formed upon the model of that of Trianon, and only differ-

ing from it in some points for greater facility of study." Finally, Laurent
arrives at the higher view which characterizes the Jussieus in botany, at the

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 more general than others, and should furnish the first divisions.

but presently resuming liis own : I conlcl not resist the desire (lie said) of speakinp: for a
nunnent the lanjruag-e of JI. Franldin. They met again at a public sitting of the Academy
of Sciences : they here embraced amidst the acclamations of the spectatt>rs, who exclaimed
that it was Solon embracing Sophocles." (Condorcet : /'ie dc Voltaire.)
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After duly considering their relative value, lie recognized the germination of the

seed and the respective arrangement of the sexual organs as the two principal

and most invariable; he adopted them, and made them the basis of the arrange-

ment which he establi^^hed at Trianon in 1759."

Thus the solution of the problem I had proposed is seen to have little diffi-

culty; for Laurent himself tells us, as well in these notes as in the preface to

his Genera Plantarum, tliat it is to Bernard we owe the discovery of the prin-

ciple of subordination of characters. "This inequality of characters had not

escaped the excellent author of the Orders of Trianon, neither the subordinate

part of the more variable, nor the importance of the more constant, nor the dig-

nity of the embryo and the sexual organs, nor the affinity of the genera and
orders which are associated with one another by these primary indications. The
fixmilies which he has established are, in general, strictly natural, and conforma-
ble to these principles." At a still later period, he styles the Catalogue oj

Trianon, that mature result of the long meditations of Bernard, "the most solid

monument of his renown." Nor does M. Adrien de Jussieu, though disposed

by a natural bias to incline the balance rather to the side of his father than his

uncle, bear a different testimony :
" I have beneath my eyes the manuscript cata-

logues of Bernard : there are two of them ; that which was printed at the head
of the Genera, and another still longer, in which are enumerated, in connection

with the name of each kind, the species according to the Linna:'an nomenclature,

with a brief synouomy of former authors. But the whole is limited to a series

of names, without a word of development or explanation. Such as they are,

however, they evince that Bernard de Jussieu had established the principle of

the slibordiuation of characters, and had determined those to which must be
assigned the first rank ; au immense step in advance, and sufficient in itself to

immortalize him who conceived it." * * * * "But does this embrace," asks

M. Adrien with reason, " all that we find in the Genera Plantarum V In reply,

let us briefly examine that work. At the time of its appearance, botany possessed

'

20,000 plants, of which more than half had been unknown to Bernard—those

of Commerson, of Dombey, of Forster, of Forskal. The 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 char;\,cters into three classes : The first class, essential,

constant, uniform in all the orders, and drawn from the most important organs,

the number of lobes or cotyledons of the embryo, the insertion of the stamens
or their arrangement in relation to the pistil, the situation of the staminiferous

corolla; the second class, general, nearly luiiform in all the orders, or only vary-

ing by exception, and drawn from organs less important—the presence or defect,

whether of the calyx or of the non-staminiferous corolla, the structure of the

corolla considei'ed as monypetalous or polypetalous, the relative situation of the

calyx and the pistil, finally the presence or absence of the perisperm ; the third

class, sometimes uniform and sometimes variable, now furnished by one organ

and now by another, the calyx mouophyllous or polyphyllous, the ovary simple

or multiple, the number, proportion, connection of the stamens, 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 the signs, Laurent has always before

him the principle which controls the arrangement of plants. It only remains

to respect everywhere this first classification, which gives the other. Let no

character of a genus intrude into the definition of an order, nor of an oider into

the definition of a genus. The least inversion produces dissonance in the natural

order. By this system the method is seen, more clearly than ever before, to be

t\\ii science of characters. There are found to be laws by which these characters

* Add 150 genera which are supernumerary, or of doubtful place (planta inccrta scdis.)
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imply or exclude one another; tlie 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.

Adansou* and others, who censured Laurent for this exclusive preference

given to one part among all the rest, were completely at fault. They failed

to appreciate that wonderful correspondence through which a character, aptly

chosen, far from excluding others, as they apprehended, 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, which enable us from each to infer the whole, and reciprocally from the

whole to infer each—a singular prerogative inherent in the natural method, and
which that method, among all others, alone possesses. 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? Doubtless

the catalogue of Trianon had been his first guide, the counsels and conversation of

Bernard his earliest and most valued resource. But in the following extract from

a short manuscript account of himself, which lies before me, we obtain an insight

into the means he had devised for rendering this knowledge peculiarly his own.

" In 1 773," 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 understand thoroughly what are called families, I determined to take

one of them as the subject of my essay. Linnaeus had published his Frag-
menta Naturalia or Ordines Naturales ; Bernard de Jussieu had arranged his

Families in the garden of Trianon, and Adanson had published his Families

des Plantes in 1763. I selected for a subject the family of the Eanunculacesa,

adopted by these three authors, and after having studied their catalogues, I

reviewed this family in all its characters, and soon recognized that these had not

all the same value; that some were constant in all the plants of the family, that

others varied only by exception, and that others again Avere 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 that the seed furnished me the first values, the

sexual organs, taken together, the second, and the 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 accepted

by the Academy and opened its doors to me in March, 1773."

This work on the characters of the Ranunculacece being finished and published,

Laurent immmediately commenced a similar one on the CompositcB, the Graminece,

the LeguminoscE, the Uinbdliferce, &:c., families alike natural by the consent of

all botanists ; and, this completed, he felt that he was master of the science.

* "The priuciples of M. Jussieu," says Adanson, "will encounter perhaps some difficulty on
the part of botanists who believe that a method, in order to be natural, should found its di-

visions on an examination of all tlio parts taken together, without g'iviug to any one an ex-

clusive preference over others." (Report of Adanson to the Academy on the first memoir of

Laurent de Jussieu.)
Adanson was, after Bernard de Jussieu, the man of his time who had given most attention

to method. In his elaborate work, Families (Its Plantes, he remarks : "In the artificial methods,
of which the object was simply to render more facile a knowledge of plants, by disentangling
it from the multiplicity of characters, consideration was given to but one or a few of the more
general or prominent parts of the fructification, but, in a natural method, the characters,

whether of the class, the genus or the species, ought to be taken from all parts, more or less

obvious, of the plant." Laurent de Jussieu having one day read a memoir to the Academy,
Adansou abruptly remarked that he recognized therein several ideas which lie had liiniself

already made public. "I can well believe it," was the calm reply of Laurent; "we studied

under the same master." Adanson had, in eflVct, studied under Bernard; m6reover, the

plantation of the garden of Trianon dates from 1759, while the Families des I'lantcs appeared
in 17Gc!.
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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 the

Genera commenced. The author was so full of his book that he began to print

without having written it, or, as he himself says, " it was sent to press in pro-

portion as it was composed." It appeared in 1789, under the title : Genera
j)lantarum secundum ordines naturales disposita, juxta metJiodum in horto regio

parisiensi exaratam.

Now that both Bernard and the Genera are known to us, may we not say with

confidence that Bernard would never have taken upon himself the execution of

so laborious an exposition ? He loved truth, but sought it only for the satisfaction

it pnjcured him. On a nature of so much simplicity neither vanity nor ambition

had any hold. In 1758, after the death of his brother Antoine, whose sub-

demonstrator he had been, it was proposed to him to be advanced to the first

place; he preferred to retain the second: "The old," he answered, "are content

with what they have ; they do not like change." In 1770, Lemonnier, the

successor of Antoine, being appointed first physician to the king, and hence

obliged to reside at Versailles, it became necessary to find a substitute ; Buff'ou

referred the nomination to Bernard, who presented Laurent. Very different in

this respect from his uncle, the latter accepted the charge, though then only

twenty-two years of age and nearly ignorant of botany.

" It was now time," he tells us, "that I should apply seriously to the study

of the science ; the method of Tournefort, then taught in the garden, was, it

is true, very easy, and the students were novices; there was little difficulty in

retailing to them in the morning what I had acquired the evening before. My
uncle, who had always arranged the plants, whether for his brother Antoine

or his successor Lemonnier, rendered me the same service, and, in the earlier

lessons, supplied me with the characters of the principal species." When
Bernard, in 1770, fulfilled this part of sub-demonstrator to His nephew of twenty-

two, he was himself seventy-one years of age ; no circumstance perhaps could

more strongly mark the difference of their respective characters.

LIFE OF LAURENT DE JUSSIEU A.\D INFLUENCE OF HIS LABORS.

It has 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 the direc-

tion of the latter, a master in science. The explanation of this is, that having

been guided by the impressions he received into apath atonce true and untrodden,

all the steps which he took were naturally confident and progressive.********
In the memoir which procured him, at the age of twenty-five, admission to

the Academy, he had laid down the principle " that, without neglecting the

nomenclature, it was above all necessary to devote attention to the investiga-

tion of characters, the most important part of botany." This was one of the

truths which had occupied the life of Bernard, and now proclaimed by Laurent,

it challenged general recognition at the moment when it »had become most neces-

sary to the progress of the science.

In 1774, he presented, in a second memoir, written on occasion of the reor-

ganization of the botanical school of the Jardin Rojjal, the plan of a new classi-

fication. This new frame-work of the science, a skilful combination of the labors

of Bernard at Trianon, of the method of Tournefort and of the nomenclature

of Linn;eus, was developed with a precision and confidence which struck all 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 destineil to guide all the

great labors upon method executed during his era. I cite the following passage :

" There exist in vegetables, as in animals, primary classes which comprise other

secondary clases ; both are founded on general and invariable characters, which
can only be derived from the organs most essential to life, and the reproduction

of the species ; all beings which differ in the structure, situation and function of

these principal organs ought to be separated ; hence the first divisions of the

animal kingdom result from the inspection of the heart, the number of its ven-

tricles and auricles. The organs, which hold after this the first rank in 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 the foundation of

all researches in organized bodies ; nothing conclusive can be obtained from the

examination of the external parts, of those parts which supply, at most, charac-

ters of the third or fourth order ; methods founded on these characters always
deviate from nature, both in the animal and vegetable kingdoms.

" These truths," he continues, "did not escape my uncle, and the arrangement
of families, in the garden of the Petit Trianon, proves that he was thoroughly
penetrated with them ; his order is more natural than the methods published up
to this time, because it is simple in its general divisions, and preserves the in-

tegrity of families. We find there the three primary classes, characterized by the

embryo ; the acotyledons are arranged according to the more or less marked ap-

pearance of the parts of fructification ; in the monocotyledons the author is

guided by the insertion of the stamens, and successively passes in review the

stamens borne on the pistil, those which adhere to the calyx, and those Avhich

are attached to the support. The dicotyledons are divided, likewise, by observing

that, when the corolla bears the stamens it is their insertion which becomes the de-

cisive character in referring the plants to one of the three insertions of the stamens."

For his classification Laurent takes from Linnaeus, as we have already seen,

the genera, the species, the nomenclature ; from Bernard, the orders, or natural

families ; from Touruefort, a means of multiplying the classes of BeruartI, with-

out breaking up his orders or his families. The genera of Linnaeus were the

most precise which had yet been known ; his species the most definite ; his no-

menclature was admirable. This nomenclature, which reduced the long phrases

of Tournefort and Gaspard Bauhin to two words for each plant, the name of

the species and the name of the genus, constituted in itself a great reform in the

science. Yet Avhen the question arose of introducing it at the Jardin des PIantes, a
difficulty occurred ; Buffon, who was then intendant, rejected the Linna?au names
simply because they were those of Linuaius. A little reflection, however, recalled

him to a sense of right, and the Garden received at the same time the nomen-
clature of Linnaeus and the natural order of Bernard. A year later, instruction

was given only according to the new method. The presence of Bernard, coming
every morning to arrange the plants for the lectures, lent a sanction to the de-

velopment given by the young chief of the doctrine to the thoughts which had
been suggested to him by the old one.

A science whose progress strikes the imagination is sure to attract a throng of

proselytes. Never had botany counted so many. The expeditions into the
country, to which Bernard had imparted so much interest, and which Linnaeus,

by adopting them, had rendered still more famous, had now no other guide than
Laurent. Each spring-time saw the train which accompanied him increase in

number; neither age nor celebrity stood aloof, for the same attraction captivated

all minds however different their predilections. There might be seen the youth-
ful son of a procurator, escaped from the jargon of the paternal office, who
merely skimmed the surface of botany preparatory to a bolder flight in another
science, through which he would one day endow his country with the glory
attached to the name of Lavoisier; or it might be Raynal, coming to seek the

scientific details embraced in his history of the two Indies. We have already
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seen Jean Jacques Rousseau ask from Bernard directions for the studies wliicli

consoled his latter years. For five seasons, the author of E?mlius assiduously-

followed the herborizations conducted by Laurent, and often succeeded in turning
their course towards Montmorency. De Jussieu, fascinated by the blandish-
ments of the distinguished man, complied the more readily with his wishes on
such occasions, because a compact existed between them which interdicted all

allusion to the works of the philosopher, and under this condition the latter

sUowed no want of the qualities of a gay and complaisant companion.

Let us return to the two memoirs, which may be considered as the basis of all

that was effected by Laurent in the sequel.* They had been written while
Bernard and Linnaeus were alive ; a few years had elapsed and the two patri-

archs of botany were no more. Thenceforward the first place was open, and
all felt that it was Laurent who must occupy it ; it Avas impossible that he him-
self should not feel it. Accordingly, we find in a letter of his, written about
this time, these noticeable words :

" There are circumstances of which it is our duty
to take advantage, and one offers itself to me which J should be wrong to neg-
lect. We have lost, within three mouths, the three first botanists of Europe,
M. Haller in Switzerland, M. Linnaeus in Sweden, the 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 the consciousness which
he felt in his own strength ; what still more evinces it is the labor which he
then projected of comprehending the entire vegetable realm within the princi-

ples which he had just established in his two memoirs; a vast enterprise, result-

ing in his great work on ihefamilies ofplants, the celebrated Genera Flantarum
which we have already had 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

fourfold, and yet there is no great principle of the natural order which is not
laid down in his book, and scarcely any of the combinations established by his

successors of which the germ is not to be found. Fontenclle admires in Tourne-
fort a classification in which twelve hundred new species, which, he adds, no one

expected, have found admission without 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 wi-otc, have found their place, and almost

everywhere a place indicated in advance, a place which expected them ?

I ijave said that the author had established a hundred primitive families ; none
of these has been suppressed ; more than half have undergone no modification.

Three have been transferred, and transferred entire, into neighbouring 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 wantino^

a note, an indication, a doubt, pointing in the direction of the truth—truth which
only the most wonderful sagacity could then have descried, so few were the ele-

ments at hand from 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 the natural method

lived long enough to see it almost universally adopted. Desfontaines not only
taught it, but rendered it essential service by an important discovery in vege-

* For the note, which, iu the orij^iual, is appended to this passage, the reader is referred to

the end of the article, whither it has been consigned on account of its length.
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table auatomy. Richard, who first applied exact and detailed aualysii?, was
often associated with Jusaieu in his labors. I find a memoir inscribed by him
to the latter in the words, To the greatest botanist of Europe ; and no one

who ever knew Richard will suspect him of flattery. The penetrating and
critical spirit of Du Petit-Thouars found nothing to censure; De Candolle, Mir-

bel, Robert Brown have developed the method in their writings; Humboldt
has applied it to botanical geography ; the 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

nature has enlarged by thousands of species the outline originally traced, without

permitting an infringement of the ordinances of the lawgiver.

In 1793, the Jarditi des PIantes received a new organization, and took the

title of Museum of Natural History. Daubcnton was the first director, and was
succeeded by De Jussieu. In those difficult times, he devoted himself entirely

to tlie administration of this admirable establishment. The libraries of the religious

bodies having been suppressed, he obtained leave to select from them all that

had a bearing on natural history, and thus laid the foundation of the present rich

collection of the Museum. Nearly alwtiys secluded in his cabinet, he had re-

mained a stranger to the political agitations which then convulsed France ; it

had even been a subject of public reproach that he never appeared in the pop-

ular assemblies. He judged it expedient therefore to repair to his section, which
was that of the Sans Culottes. It was the day for choosing a president, and,

to his amazement, he found himself promptly promoted to the honors of the

chair. From this time municipal dignities were showered on him ; dignities

which it Avas dangerous to refuse, however earnestly he might covet the retire-

ment of his garden. Yet, in the exercise of functions thus unexpected, his spirit

of order and method suggested to him a report on the hospitals of Paris, which
is still regarded as a model.

As a relaxation from severer studies, M. de Jussieu applied himself to the

compilation of Monoirs of the Museum, an exact and complete history of men
and things. We there see the origin of the Jardin Royal, which was «.t first but

a garden for medicinal plants ; 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 most magnificent of collections, its historian recalls the difficulties of every
sort which were to l)e surmounted for the establishment of instruction in natural

history, independent of that in medicine, and the petty war which it was ne-

cessary to sustain against the Faculty, who could not tolerate the introduction of

chemistry, the object of one of the new chairs, into the course of instruction,

as being, ' so said the Faculty,) for good, causes and considerations, prohibited

and denounced by decree of Parliament.
In 1S04, the chair of materia medica in this same Faculty, having become

vacant by the death of Peyrilhe, M. de Jussieu offered himself,* and all com-
petition disappeared. As professor, he took for the basis of his lessons the fruitful

principle of the correspondence of the properties of plants with their botanical

affinities. t " Reasoning, founded on experience," he had said in his memoir of

1774, demonstrated that plants conformable in their characters possess the same

* He had, in 1766, taken a very active part in the formation of the Royal Society of Medi-
cine, and ably seconded the efforts of his fneud Vicq d'Azyr, to found and sustain a body,
then so strenously combated by the old Faculty, and which, at a later period, became the
nucleus of the new Faculty.

t The development of this principle forms the basis of the discourse which he read at the
public meeting of the Schuol.of Medicine in 1806. It is curious to see this important princi-

ple already distinctly enunciated by Morison : Plantm qiice generis socictnte. junginitur ple-

rumquret similes possidentfacultates, [Plantarum Historia, S\-c.) But it should be remarked
that this prniciple has only become leally serviceable to the materia medica, when it has been
practicable to apply it to groups more comprehensive than the genera, to orders, namely,
or families.
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properties, so that, the natural order bemg once given, it will be practicable to

determine their virtue by exterior signs.

During the latter half of his life it was his most cherished 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 the 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 Gairtuer on fruits was not available to him in

1789. He 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 Gcertner had
brought anatomy to bear upon the same organ, from which M. de Jussieu has

drawn the principal bases of his method. Applied to the science of relations,

thf( observations of Gfcrtner 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 fixmilies, on the art, but little known before, of adapt-

ing to one another those two resources, on which depended thenceforth the advance-
ment of the science—anatomy and the method. Numerous articles, scattered

through the Dictionnaire des Sciences iVa^Mre/Zes, are also important productions,

and, collected in a single work, would form one of the most useful of books upon
botany. The article Mctkode naturelle is a second edition of the introduction to

the Genera Plantarurti ; that uipon Ja»iilies, though much shortei'—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

?ia?ncs 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 he 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 he was in almost all languages,

he never replied. " If I am mistaken," he would say, " it is natural that I should

be attacked ; and if I am not, all attacks "will be futile." He 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 bearing so honored a name ;
" Yes," re-

plied M. de Jussieu, 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 his career the other became so enfeebled as to allow neither of writing

nor observing.********
In advanced age he passed a part of the year in the country, still finding his

chief pleasure in the search for plants, which, while some degree of vision remained,

he recognized by bringing them close to his eye, and, when he could sec no lon-

ger, by the application of touch. To succeed under such circumstances pleased

him as a sort of triumph. At the creation of the Institute he became naturally one

of its members. He was nominated to the Council of the university in 1808, was
for sixty-three years a member of our Academy, and for sixty-six years a profes-

sor at the Jardin des Plantes. His constitution was robust, his stature tall ; his

gait and whole bearing denoted the self-possession of a profoundly thoughtful man.
Thi^ simplicity of his tastes, the habit of labor, the tender cares of a devoted family,

secured to him a long and vigorous old age. He expired September 17, 1836, in

tlie midst of the most cherished objects of his affection, at the age of 88 years.



THE JUSSIEUS AND THE NATURAL METHOD 271

ADRIBN DE JUSSIEU.

In this sole and last direct inheritor of the name of Jussieuwere early manifested

a singularly just and acute discernment, a certain archness of humor, and a senti-

ment of profound respect for his progenitors. To these was added a thorough and

very comprehensive instruction. M. Adrien 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 Elementaire de Botanique supplies the most substantial, precise, and at

the same time most elegant survey of the actual state of the science, while liis

article Taxonomie, in the Dictiovnaire univcrscl (VHistoire Naturelle, is the

most well-considered and profound disquisition which has been given, in our day,

on the important subject of Methods.

His fathei', who had relinquished to him his chair at the museum in 1826, had
the satisfaction of seeing him, in 1831, take a place beside him at the Academy.
The herborizations, which his great-uncle Bernard and his father had rendered

famous, were continued by him. In 1845 he was designated to fill the chair of

vegetable organography at the Faculty of Sciences. His pupils will not readily

forget with how much skill all available knowledge was condensed in his les-

sons. He had been long collecting the materials for 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 he possessed at once clear-sightedness, discrimination, and pro-

fundity of knowledge. His colleagues and friends have still in lively re-

membrance the vivacity and originality of his conversation, the humorous and
graphic turn of his mode of narration. M. Adrien had religiously cultivated the

domestic virtues, which were traditionary in his family, and which contribute so

much to the happiness of life. His veneration for his father was almost idola-

trous, while his devotion to the two daughters, who survived him, was not less

marked by features of the most tender and judicious regard. He died June 29,

1853, aged 55 years, having been born December 23, 1797.

Note to paffc 23.

All that M. de Jussieu has produced may be regarded under two chief points

of view: character and classijicalion. It was with his memoir of 1773 that he
opened the study of the former, and in that of 1774 that he laid down the prin-

ciples of the latter.

§ 1. Ofcharacters.—Characters are the signs which indicate the relations of

beings. In every organized body, whether animal or vegetable, each part has
necessary relations with all I he others. We may therefore judge of all by each.

And those parts which are thus taken for signs of others, those parts by which
we judge of othei's, are what we name characters. Naturalists had begun by
seeking these characters, these signs, almost indiff'erently in all the parts. It

was subsequently recognized that these different parts are very far from having
an equal value either in uniting or separating beings. Thence has sprung the

valuation of characters, and this valuation has furnished the solution of the pro-

blem of method.

* Especially those on the Euphorbiacea, (18'24,) the Rutacem, (1825,) the Mcliacece, (1830,)
the Mnlp-ffhiacfitB, (1843,) &,c., and lastly, his fine treatise on Monocotylfdinous embryos,
(l'^:!y.) I here bat indicate his labors ; the time for their complete appreciation has not jet
arrived.
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Everything depends, then, on the principle of the relative importance of cliarac-

ters. But how is this relative importance tn be learned ? By two means equally

sure, and which M. de Jussieu has himself explained : one, founded on reasoning,

infeis directly the importance of the character from the importance of 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 other vegetable functions. " It is in the embryo,

then," says M. de Jussieu, "that naturalists must seek their principal charc-

ters." (Diet, des Sc. naturelles, article Methodc naturelle.) In his memoir
of 1774, he had said: "A different conformation in the vegetable embryo
occasions, in the development and organization of the plant, remarkable difier-

ences, which constitute so many characters; these dilFerences being dependent on
those of the embryo, the characters which they give depend equally on a single

one 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.

When this fiiils, M. de Jussieu supplies it by another purely experimental, and
which never fails. In defect of the.function which is not known or is badly

known, he determines the importance of the organ by its constancy. Nor is this

all; it is with each 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. Linnaeus has made of the stamens the base of his system; the num-
ber, attachment, union, proportion, situation of these parts, are all considered,

all employed ; and he does not see that, among all these characters, one only

has importance, because it alone has constancy, namely^ the attachment of the

stamens, or their insertion. Tournefort has founded his system on the corolla.

He considers the absence, presence, situation, division, form of the corolla,

and employs all these characters wliich are variable, while he neglects precisely

the character derived from the attachment of that organ, which alone is constant.

The natural order has escaped both these sagacious men, and has escaped both

from the same cause, because of their not having recognized the relative import-

ance of characters. Still further, if we take the botanists from Gesner onward,

all those ^ho have been fortunate in their attempts, who 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 graininea, ihQ composites, the umbelliferfB; if

we study these families, every character which varies in the fixmily 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; and, 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 how shall

we be governed in reference to the inferior, the accessories 1 To know this, we
need only refer to M. de Jussieu : "All the characters," he says in his memoir
of 177-3, ' have not the same value, the same eflicacy in uniting or separating

plants. Some are primary, essential in themselves and invariable, like the num-
ber of lobes of the 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

the principal divisions. The others are secondary; they sometimes vary, and

only become essential when their existence is intimatel y comiected loith that oj

the i^eceding ; it is their assemblage which distinguishes families. It is true

that the fundamental characters of any 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 avvovncc the co-isfence of

the preceding, whose minuteness or situation sometimes hinder them from being

remarked. It is thus that, among animals, the external disposition of the [»art3

indicates the number of ventricles of the heart and other distinctions of the class

or genus." Lastly, in his memoir of 1774, be says: "Characters simply general

are usually connected with some of the essential characters, a circumstance which

affords accessory signs ««wow;?c/w^^ the existence of the true characters ;" and,

with reference to the organs of animals, he adds : "He who should content him-

self with exterior or secondar}' signs without establishing their affini/ij icith the

interior parts, would have but an imperfect idea of the true relations which
exist between animals." There is profound analysis in these observations, and
equally true whether it be applied to zoology or botany.

§2 Of classijicatiov.—Let us first consider the classification of Bernard, as

stated by M. Laurent de Jussieu :
" The orders traced by Bernard in the gar-

den of Trianon amount in number to sixty-two, more than half of which are en-

tirely conformable to actual families. Several others, likewise conformable, differ

only by the 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 study

that 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, the naiades, which have been
separated more recently; and the aristolochia;, which should be completely sepa-

rated. In the monocotyledons, which follow, there are seen to appear successively

the orders with epigynic stamens, those with perigynic stamens, and those with

hypogynic stamens, which proves that he appreciated the characters derived

from the insertions. In the dicotyledons he pursues the same course, the same
distinction, though concluding with the perigynic plants, and referring to each
the monopetalous, pulypetalous, and ap>etalous plants, which have the same
insertion, sometimes intermingled, sometimes following one another separately.

He terminates his series by the amentacece united to the urticece, the euphorbi-

ocece and the coniferce. It will be seen that, without having proclaimed the

natural laws, he has almost always silently obeyed them." (Article Methode
naturelle of the Diet, des Sciences Katurelles )

Bernard, then, had established sixty-two orders or Xi^l\xx?iS.families; and hav-
ing done this, he had united these sixty-two orders into seven classes. "The
animal kingdom" says Laurent in his memoir of 1774, "has but seven classes ; in

following the divisions of Trianon we count no more in the vegetable kingdom."
This number of seven results in effect from the employment of the insertion of
the stamens alone for the subdivision of the monocotyledons and the dicntyledons.

We have, then, three classes for the monocotyledons, three for the dicotyledons,

making six; the acotyledons, left undivided, because their flowers, so little

apparent and little known, form the seventh. Laurent felt the necessity of mul-
tiplying these classes, and. availing hfmself of the corolla, (a resource which
Bernard denied himself,) raised their number first to fourteen, and then to fifteen.

"The author of the order of Trianon," he says, "regarding this work as proper
for botanists alone, as an advance towards perfection, and a simple indication of
the route which should lead to it, desired that, to satisfy the present object,

which is that of public instruction, M^e should labor rather for learners than for

I

adepts; that, without deviating from the true principles, we should seek to

I

establish a method which should have the classes in greater number, more pre-

Ij

cise, and consequently more easily to be apprehended. He thought, farther, that

'I it was incumbent on him to comply, as far as possible, with the received preju-

dice which regards as the preferable method that which is founded on the parts

I IS s
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more apparent and easy to be observed. It has been tbongbt that this double
object might be fulfilled by joining to the essential characters, which are sometimes
little apparent, certain accessory characters, which are constant and always visi-

ble, and which indicate the existence of the former by associating the corolla

with the stamens, in order to designate the classes." (Memoir of 1774.)

Laurent lias since said, (1824:) "It wonld be necessary to adhere to this

number" (the number sevtm of Bernard,) "if, in order to avoid all exception or

variation, the classes could only be founded on invariable characters. But if it

be observed that the number of families now adopted amounts to nearly one
hundred and fifty, and is consequently quite considerable for each class, the

necessity will be felt of foraiing new subdivisions, without deviating, however,
from admitted principles, and by always adhering to characters of the greatest

value. That which first presents itself, after the invariable, is the character

derived from the mediate or immediate insertions, or, otherwise, from the corolla

considered as existent or null, as monopetalous or polypetalous. Although it be
subject to some variations, it is still that Avhich presents the fewest, and by
employing it for the subdivisions, the number of classes can be multiplied, which
diminishes embarrassment in the arrangement of families, and may much facili-

tate stiidy. It is true that this character is of no utility in dividing either the

acotyledons, the ilowers of which are too little apparent, or the three classes of

monocotyledons, in which the corolla does not exist, since the part which was
long taken for such is a true calyx. It is in the dicotyledons alone, then, that

we can employ the character of the insertions, whether mediate, simply immediate,
or essentially immediate ; or, in other terms more easily remembered, the character

of monopetalous, polypetalous, apetalous plants. We thus establish, though
admitting of some exceptions, in each of the three classes of dicotyledons, three

subdivisions, without deviating from the principles adopted, and the number of

dicotyledinous classes would then be raised to nine. Further, the subdivision

or class of monopetals 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 its divisions, united in a sheath by the anthers in the other, which comprises
solely the great series of composite plants. This separation, which, in the

dicotyledons, adds a tenth class, does not separate families and conflicts with no
affinity."

He afterwards adds : "It has already been stated that, in order to arrange the

families more easily, it was necessary to multiply the great divisions, always
adhering, however, to the most solid characters, and we have seen how it has
been practicable to augment this number of classes in the dicotyledons through
considerations derived from the corolla. It has appeared to us, nevertheless, that,

Avith a view to fiicility of study, an object which should not be neglected, it

was necessary, in oi'der to have in the great divisions principal characters easy
of apprehension, and to approximate a little in this point to the method of Tourne-
fort, founded on the corolla, to give the preference to mediate and immediate
insertions over hypogynic, perigynic and epigynic insertions, and not to follow

rigorously the first principles established. We shall have the same classes, but
presented, in the dicotyledons, according to another series. Thus, by leaving

the four classes of the first two giand divisions to subsist in their integrity, and
without any change, we shall, in the first place, distinguish the dicotyledons into

apetalous, monopetalous and polypetalous plants. In the apetalous, or those with
essentially immediate insertion, we shall distinguish three classes with epigynic,

perigynic, and hypogynic stamens. If we next pass to plants with a monopetalous
corolla or mediate insertion, and if we remember that the insertion of this corolla

then becomes the essential and primary character, we shall subdivide the mono-
petals into the hypogynic, perigynic and epigynic coi'ollas, and the epigynte will

be further divided into synantheraj, having united anthers, and chorisanthera},

having distinct anthers. The polypetalous plants, or those having the insertion
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simply immediate, will be divided, like the apetalous, according to tlie iiisertious

epigyiiic, hypogynic, and perigynic of the stamens, without any further subdivi-

sion. I'he class of didin es will close this series of eleven classes, which, joined

to the four preceding, will carry the whole number to fifteen, in which we can
arrange all the families known, without decomposing them." (Article Methode
naturellc of the Diet, dcs Sciences Naturelles.

The following is the table of these fifteen classes given by Laurent himself in

the article just cited;

ACOTYLEDONES AcotyUdoncs
i etamens hvpocfvnous Moitohypo^y^ia.

.

MONOCOTYLEDONES I st ameus perigyuous Monnperi'gyna: .

.

( stamens epigynous Moncicpiaynii:

ApETAL^.
f 8ta

. <8ta
<sta

DICOTYLEDONES MOXOPETALiS.

POLYPETAL^.

Stamens epigynous Epislamcneu'
"amens perigyuous Firistaminciz 6
imous hypogynous - Hypustam inca: 7

corolla hypojryuous Hypororollca 8
corolla perigyuous PcricorMca: 9

f anthers united EpicoroUca: I -.q

corolla epigynous < Synanthrm J

C anthers dJBtinct Epicurollea . . } -,,

C/tnri.-ianthfra )

tamens epigynous Epipcialca 1-
tamens hyi)Ogynous Ilyjiopctalea 13
tamcus perigyuous PeriprJalra 14

I.DICLISES Diclines 15

In the table placed at the 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 METHODI

< sta:

( btai

Ordines naturales cortiplectentis.

ACOTYLEDONES Class

( stamina hypogyna
MONOCOTYLEDONES . \

" perigyna
epigyna.

r
APETALJi.

DICOTYLEDONES. MONOPETALi:.

I

POLYPETAL.?;.

I Diclines ikregulares

stamina epigyna
" perigyna
'

' hypogyna
( corolla hypogyna
) " perigyna

I " „r.i<r „n C antheris counatirt.

,

I

epigyna
^ .^utijeris distinctis.

tamiua epigyna
" hypogyna

perigyna

I

II

III

IV
v
VT
VII
VIII
IX
X
XI
XII
XIII
XIV
XV

M. de Jussieu has been censured, and with reason, for the arrangement of his

classes, founded on the forms of the corolla. It will be seen that he censured
it himself: " These classes," he says, " have the defect of not subt^i^ting without
exception." Again, he says that, "if the method be considered rigor. lusly, and
not with a view to convenience, it would be necessary to adhere, as Bernard has
done, to the sole invariable characters, the IoIjcs of the embryo and the insertion

of the stamcnsr And yet, in proportion as the number of species has increased,

it has been found that even this last character, taken from the insertion of the

stamens, cannot be regarded as exempt from variation. On the other hand,
everything has concurred in confirming the grand division given by the lobes of
the embryo. Hence, the three groups founded on these lobes (the acotyledoya,

vionocotylcdons, and dicotyledons) are far beyond simple classes, properly so

called ; they correspond to the evibranchements of the animal kingdoni estab'

lishcd by Ouvier, and ought, perhaps, to bo designated by the same name.
Under these three grand divisions should be placed the classes proper, eachi

formed by the union of several families, in conformity with the judicious reflec-

tion of Mr. Robert Brown :
" A methodical and at the same time natural ar-

rangement of families is perhaps impracticable in the actual state of our knowledge ;:
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but it would probably hasten the execution of that wot-k were we to turn all

our attention to the combination of families in classes equally natural." {Gen-

eral remarks, geographical and systematical, on the hoiany of Terra Justralis,

p. 7, 1814.) All the ranks, all the subordinations of gtoups, woiiJd 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 emhranchements, M. de Candolle ex-

presses himself as follows :
" There are but three great classes known at present,"

(the three which I propose to name emhranchements^ * * " It is beyond

doubt that each of these classes may one day be siabdivided, 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 ^lementaire de la Botaniguo, 1813, p 195.)



NATUKAL HISTORY^ OF ORGANIZED BODIES.

From the Course of Lectures of M. Marey at the College of France.

Translated by C. A. ALEXANDER/or the Smithsonian Institution.

I.

—

Historical evolution of the sciences.

The course of instractiou in tlie College of France is not limited to a simple

exposition of the state of science at each epoch, but, as a school of discovery,

extends its views to the actual tendencies of the human mind. It aims to sig-

nalize the new horizons which are opening for science, and which hold out to us

the promise of further acquisitions. In order, however, to judge of the direction

to be pursued, it is necessary, from time to time, to cast our glance backward,
to consider the space which has been traversed, to recall the windings, the haz-

ards, the difficulties of the route. Such a recurrence to the past is one of the

most useful preparations for a new departure, and will enable us to attain om"

end much more promptly and certainl}'- than it Avas possible for our predecessors

to do. It is by availing ourselves of their experience that the march of improve-

ment has been constantl}* accelerated, i;ntil, in our day, more discoveries are pro-

duced in ten years than fonnerly in an age.

The history of the natural sciences has, not long since, been retraced in this

chair by the professor whom I have the honor of replacing. M. Flourens here

passed in review the life and labors of the learned naturalists of the XVIth,
XVIIth, XVIIIth, and XlXth centuries, having devoted to this subject several

3'ears 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

thus see more clearly the tendency of scientific inquuy and the direction in

which we should look for its further advancement.
The 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. The
" embarrassment of riches" soon gave rise to the necessity of a methodical

arrangement. The first step was to separate animals from plants, and thus

were formed the two great Idngdoms of the natural world. Afterwards, in each
kingdom, were created new divisions; first, branches, each of which was dis-

tributed into classes, and these again, b}' successive divisions, into orders, families,

tribes, genera, and species. To be useful, these classifications should combine in the

same group the beings analogous to one another, so that, by knowing 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 became more natural—that is to say, to

* Revue des Cours Scientijiques dc la France et dc Velranger, March, 1867.
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establish tlie affinity or tlie separation of beings on the most important char-

acters.

Anatomy, in the mean time, came in aid and revealed the interior structuro

of animals and plants. It showed that certain organs seem, from their constant

occurrence in the 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. Hence it is

that tlie presence of a vertebral canal containing the spinal marrow has furnished

the distinctive character of a Avhole branch of the animal kingdom, that, namely,

of the vertebrata. In this second phase of the evolution of the natural sciences,

man no longer confined himself to the role of a spectator of nature. He scru-

tinized and compared ; he essayed to form an idea of the general plan of th«3

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 had learned it from Aristotle ; modern times had witnessed its

advancement by CI. Pen'ault and Vicq d'Azyr ; but much remained to be done

in order to complete the classifying of animals according to their anatomical

constitution. The branch of the invertebrata comprised a multitude of incon-

graous orders, among which new divisions were of course necessary. The
invertebrates were di^^ded by Cuvier into three new branches, the MoUiislcs,

the Articidafa, and the Zoophytes. This natural classification, based on com-

parative anatomy, borrowed the distinctive characters from the 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 liglit on

some of the laws which govern the organized world. Such, for example, is

the law oi subordination of organs, which teaches us that such or such an organ,

when it is present in an animal, implies the presence of other organs which are

associated Avith it after a necessary manner. Natural history had thus become
a veritable science, agreeably to the definition of Bacon: "Sciences are only

facts generalized." Now, generalization had conducted Cuvier to the expression

of laws. These, in turn, led him to a remarkable consequence—to the creation

of paleontology. It was in conformity with his law of the correlation of fonns

that he reconstracted the entire skeleton of a fossil animal when possessed of

but a few of its remains, and restored for science generations of beings which

had long disappeared from the surface of the globe.

By the side of Cuvier another grand historical figure presents itself in Geoffroy

Saint Hilaire, his cotemporary and friend, more recently his scientific adversary.

Prepossessed by his labors in the natural classification of beings, Cuvier had
bent his whole force to the discovery of the differences Avhich separated them.

The genius of Geoffi'oy disposed him rather to comparison ; resemblances

attracted him more strongly than difierences, and enabled him to detect, in the

zoological series, the imity of plan amidst the diversity of details. History

"will preserve the remembrance of the memorable conflicts of these illustrious

adversaries, conflicts which powerfully developed two great conceptions in which,

at last, there is nothing irreconcilable. From this epoch dates the rise of

anatom ical pliihsoplnj.

While zoology was establishing itself on foundations really scientific, botany

had been pursuing a parallel career. As early as the XVIIth century, Pierre j\[ag-

nol attempted to substitute for the ancient nomenclatures a natural classification.

He sought, in 16S9, to distinguish plants according to their principal organs

—

the roots, the stems, the flowers, tlie seeds. But vegetable anatomy was too

little advanced to pennit a classification based on the constitution of the most

important organs of plants. Botany had still to pass through the artificial

cla' ifications of Touruel'ort and Linnaeus before arriving at the more perfect
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form wLicli it received from tlie Jnssicus. It was Autoinc Laurent ilo Jii^^bien,.

in effect, wLio first clearly a})i)reliende(l and distinctly defined the ])rinciple of

subordination of cLaracters. lie based his classification of plants on the anat-

omy of the most important apparatus in the vegetable kingdom—the apparatus

of reproduction. Hence the number of tbe lobes of the vegetable embryo,
that is to say, of the cof/jh'dons, the insertion of the stamens in the flower, became
the characters on which is still based the classification of plants.

Since Cuvier and the Jussieus, zoological and botanical classifications have
continued to improve ; but naturalists have, on the whole, respected the plan
which has been handed down to them, liectifications have been made, and cer-

tain beings have been transferred from one family to another, with which they are

more closely allied by essential characters 5 at other times it has been found
necessary to enlarge the zoological and botanical outline for the admission of

newly discovered individuals, but these partial modifications constitute but a
development of the fundamental idea -which has remained unchanged : the

necessity, namely, of keeping constantly in view the classification of beings

according to the most important characters of their organization.

Anatomy, which had produced these reforms, has itself advanced to new con-

quests. Up to our present century it had remained purely descriptive—that is

to say, it was limited to indicating the form of the organs considered each in its

OUT! mass. Thus it determined the form of the bones, of the muscles, of the

vessels, of the nerves, &c., whether in man or a lower species, or else it coni-

jiared the arrangement of these organs in a succession of individuals of the zoo-

logical series. It was Bichat who impressed on anatomy a new character. He
created general anatojui/, in the sense that he studied the tissues which enter

into the composition of the organism. The extended emplo3-ment of the micro-

scope gave a vigorous impulsion to these studies. This instrument conferred the

power of discerning distinct and well-defined elements in those tissues which
had till then appeared homogeneous. The globules of the blood, the animal-

cules of the sperm, the cellules of the epithelium, the tubes of the nerves, the

acini of the glands, have been all revealed to us by the microscope. The
knowledge pertaining to these subjects constitutes histology, henceforth insepara-

ble from general anatomy. TransfeiTcd to the domain of comparative anatomy,
histology acquires a new interest ; it shows us that certain elements of the tis-

sues imdergt), like the organs themselves, very decided modifications when we
follow them up in animals or plants of different families.

The microscope further condu(;ts us to a discover}^ of great importance, that

of the development of the germs in animals and plants. Animal enibrgogcng

constitutes a now branch of science, with Avhich are connected illustrious names,
almost all being those of cotemporaries : Von Baer, Graaf, Purkinje, Cosie.

Nor is vegetable embr^yogeny less curious 5 the intimate phenomena of reproduc-

tion in the two kingdoms resemble one another in a striking manner. The
surprised observer hesitates in pronouncing whether he has not under his eyes
an animal organism, when he sees the antherozoid of certain vegetables agitated

as with spontaneous motion, seeking with persistence the orifice through which
it is destined to pass, or disengaging itself with apparent effort from the impedi-

ments which obstruct it. The two kingdoms thus appear to be confounded in

the elements of their origin, while tliey deviate so widely one from the other
when we contemplate them only as complete beings.

This collective view of organized nature, important as it is, still exhibits it to

us only under one of its aspects. It makes us acquainted with existencies as

regards their form and structure, abstraction being made of what is most essen-

tial in them ; namel3\ life. We seem to have been traversing an immense
gallery of mechanisms of greatly varied 'comf)inations, some in appearance very
simple, others of an extreme c(aiq:)lication 5 these of enormous mass, those of an
infinite delicacy. But everything here was mysterious in its immobility; the
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imagination is lost in conjectures on tlie function proper to each. It is now
necessary to see these things in action, each executing the Avork for which it is

adapted. The catalogue has been drawn up with suflicient exactness for present

needs. To-day the current no longer tends to classification, it is directed to the

study of the functions of life ; that is to say, the play of the organs which anatoni}*

has disclosed to us. This study of the phenomena vvhich take place in living

beings is ordinarily called physiology, or, more con'ectly, biology.

All organized beings live ; animals or plants all accomplish a series of acts

from their origin to their dissolution ; but life is interpreted in them by mani-

festations as varied as their organization itself.

It may be said that biology is the offspring of anatomy, for it was from the

form of the organs that man was first inspired with the comprehension of the

function of each of them. This influence of anatomy gave to biology in the

first instance a deductive character from which, even in our day, it finds diffi-

culty in disengaging itself. It is tnie that when we see the anangement of the

articulating surfaces which unite the different parts of the skeleton, we readily

comprehend the function of those organs; we see how each bone moves upon its

contiguous bone, and this in itself explains the varied positions which certain

portions of the body may assume. But the action of the muscles was much more
difficult to be comprehended. Aristotle himself knew it not. The representa-

tive of ancient science, the founder of comparative anatomy, most have con-

stantly observed the extreme variety of muscular development in different species

of animals, and yet this anatomical principle ctmveyed to liim no idea of the

function of the muscle. It was reserved for Erasistratus, grandson of Aristotle,

to discover first the elementary fact, that a muscle contracts in order to produce

motion. The role of the other organs was still more obscitre ; but in regard to

these, not satisfied with ignorance, inquirers accumulated in the name of science

the most foolish suppositions. The viscera, in ])articular, were endowed with

singular functions ; each of them lodged one of the properties of the soul. In the

head resided reason, in the heart courage and choler, in the liver concupiscence,

and so with different organs. Such ideas, of course, could never have been

inspired by anatomy, and they had, in effect, another source. Philosophers have

by no means been insensible to the attractions of the mysterious and incompre-

hensible; psychology is more ancient than the sciences, and Aristotle had

received from Plato a whole system ready made. It was thought indispensably

necessary to lodge three souls in the human body, and each of these had several

properties which could not be left without a habitat. Thus it is that mystical

tradition has imposed even on those who have conscientiously sought to place

themselves in direct relations with natitre.

I would have willingly passed in silence these singular tendencies of tho

human mind to depart from the domain of real facts and to yield to the caprices

of imagination; but the question relates not to a passing eiTor to which time has

already rendered justice. The ideas of Plato have a hundred times changed

their fonxi, but they have been transmitted from age to age ; they prevail at

this day under the fonn of viialism ; that is to say, the doctrine which pretends

to have explained every phenomenon of life when it has pronounced such or such

a phenomenon to be the effect of a particular ^jro^jfrf^?/ of the living being. This

doctrine I shall not stop to combat; quite enough has been vainly said in

attempting to confute those who do not choose to be convinced. It is safe to

assimie, however, that the vitalistic school is at present condemned for its steril-

ity; that it loses ground every day, while the number of those is daily increas-

ing A\ho demand fronr the rigorous observation of facts and from experiment the

solution of the problems of biology.

It woitld be more interesting to follow through its sttccessive stages the devel-

opment of the school of experimenters. To find its origin, we must go back to

remote periods. Surprising it is, that the two opposite tendencies which Lave
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so long contended for mastery come to lis from the same source. Aristotle, who
encumbered science with entities uselessly imagined, has bequeathed to us many
exact ideas on the nature, whether voluntary or involuntary, of movement, on
the development of the foetus, &c. Erasistratus, who represented vital spirits as

circulating in the arteries, recognized the true nature of the action of the muscles.

Galen, so nuich prepossessed with humorism, with the four elements, with the

forces which preside over the functions, was not the less a great experimentalist.

He alone made more discoveries than all his predecessors ; he showed that it is

with blood that the arteries and the heart are filled ; he pointed out the influence

of the nerves on the movement of the nmscles ; he recognized the paralysis pro-

duced by a lesion of the spinal marrow. He realized, in fine, one of the most
striking experiments of physiology, by showing that the section of the recurrent

nerves paralyzes the larynx and extinguishes the voice.

Soon afterwards all progress is arrested before the invasion of the barbarians,

and science remains torpid for 14 centuries. On its revival, the two parties reap-

pear more opposed than ever ; with an antagonism more precisely defined, and
each boasting its proper representatives. While Stahl revives the immaierial
pr'mciplcs of Plato, Hoff'man vindicates the supremacy of physical laws in the
phenomena of life. Establishing themselves on the grand discovery of Harvey,
the organicians proceed to demonstrate the potency of the experimental method.
Finally, Haller appears, and, reasseml)ling the materials of physiology, makes of

it a well-defined science, and impels it onward in the path of experiment.

Since this epoch discoveries have rapidly succeeded one another ; with each
of them the name of some experimentalist is associated : J. Hunter, Bichat, Ma-
gendie, Ch. Bell, J. Miiller, savants whose work has been so ably continued by
our cotemporaries. Animal physiology has reached a very advanced stage, and
one of great interest. Having emerged from that unsatisfactor\' phase in which
the sciences, while in a state of formation, are engaged in accumulating isolated

facts, and too often in seeking to connect those facts by premature hypothesis, we
are able not only to realize the principal conditions under 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 eff"ect, a subordination

such as Cuvier has pointed out in the organs themselves. The nervous system,

the most constant apparatus in animals, presides over sensibility and movement,
the two prominent functions in the animal economy. But it governs also the

functions of organic life—respiration and circulation, which in turn react upon
the nervous system, so that the knowledge of one function w ould not be complete
if we did not know at the same time its influence upon the others.

Vegetable physiology is unfortunately much less advanced ; it can scarcely bo
said to consist of more than certain rather vague ideas. Not only is it true that

we do not at present understand the general harmony of the functions of plants;

we have but a very incomplete knowledge of each of those functions in itself.

'Y\\e pliytologists have attempted to model themselves upon the procedure of the

zoologists, but without deriving much benefit from the inntation.

The functions of the vegetable have been classed nearly in conformity with
the functions of the animal, but this assimilation may itself have operated as a
shackle on the progress of the science. All that has been said of the circulation

iu plants was plainly suggested by ideas borrowed from the circulation in ani-

mals. The double ciu'rent of liquid supposed to ascend by the tubes of the lig-

num and to descend again by those of the latex, would seem, according to modern
authors, but a false analogy established between the physiology of animals and
that of })lants. Vegetable respiration is however better known. The experi-

ments of Bonnet, Priestley, Seuebier, and Th. de Saussure have estaldished the

important fact, that the green parts of vegetables exhale oxygen under the influ-

ence of solar radiation, while, iu darkness, these same parts disengage carbonic
acid.
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As to other phenomena of vegetable ph^'siology, they remain to a great extent

unexplained. Inquiry is, in a considerable measure, still confined to the verifi-

cation of facts, of which the interpretation has not yet been fm-nished. Such for

instance is the property possessed T)y the root and the st.'ilk of vegetables, the

one of directing itself in accordance with the teiTcstrial attraction, the other of

rearing itself in the inverse direction of that attraction. Ingenious experiments
Avere instituted by J. Hunter and Knight with a view to an-ive at the solution

of this problem, but the results ol)tained by these experimentalists have proved
insuflicient to explain the facts. The action also which the light exerts upon
plants in curving their branches, the tendency which certain plants manifest to

twine themselves always in the same direction, to the right in the case of some,
to the left in the case of others, are facts ascertained but not explained. In a
word, vegetable physiology is a science which is in process of formation, but is

far from having attained the degree of development presented at this day by
animal physiology.

In this rapid review, I have attempted to indicate the principal phases of the

evolution of the natural sciences ; their succession must doubtless take place in

an order which may be pronoimced necessary, each phase preparing the way for

another, and rendering possible and productive researches which would previ-

ously have been premature. At the same time, the facts would certainly be
strained did we pretend to exhibit a succession of well-defined epochs, each exclu-

sively devoted to the elaboration of one of the links of this long chain. It is

not the less true however, that the human mind, in the evolution of the natural

sciences, has pursued in general the course al>ove indicated, a course which we
can trace in the advancement of all the sciences which depend upon observation

and experiment.

Auguste Comte, a philosopher whose doctrines have given rise, of late 3^ears,

to so much discussion, has established a fact on which almost all parties are in

accord. It is this : that the sciences which may be considered as having reached
an advanced stage of maturity have passed through three successive phases

;

one theological, another mctaphyskal, the luBt positive. By this it is meant that

man, in presence of the phenomena of nature, has been led in the first instance

to suppose the influence of some divinity as the permanent cause of what he wit-

nessed ; that still later certain hidden forces or properties were imagined as gov-
eniing matter in all its manifestations of activity ; that subsequently, having
become wise enough to resist the allurements of imagination, the authority of the

ancients and the influence of routine, inquirers have taken the part of accej^ting

nothing as true \mt what appeared susceptible of being demonstrated ; of renoun-
cing the search for first causes, and of directing their attention exclusively to the
verification of facts and the deduction of laws under the control of experience.

I advance no pretensions to modify this fornuda so ingeniously propounded by
Auguste Comte, still less would I ventm-e to substitute another. But placing
myself at the more restricted point of view of the sciences which have for their

object the facts of nature, I think it competent still further to subdivide and
specify the phases of their evolution, and to say that in all these sciences we may
distinguish a certain luimber of periods, each corresponding to a certain stage
in their development. AVe should thus have, first the period of nomenclature,
next that of the natural classification of beings ; still later the analytic stud}' of
natural characters M'ould be developed, to be followed by the study of phenomena,
leading finally to the establishment of general laws.

To show that the human mind has always proceeded by these steps, I shall

not multiply examples, but will take the most general of all. I boiTow it from
the science which, in virtue of its comprehensiveness, takes precedence of all others,

the science of the universe or cosmos, of the great whole.

We see the immensity of space peopled with objects each of which is an orb

or heavenly body, and the first impulse of mankind was the desire to enumerate
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them. Artificial gronps or constellations were first established, constituting a

true nomencLature of the stars. Afterwards the effort was to classify them, and
the stars wlrich appear fixed were distinguished from those which exhibit move-

ment ; among these last again, the planets, the comets, and the asteroids were to

be distinguished before the imnnitabh' laws of the jihanetar^f movements coukl be

discovered. In this classification the terrestrial gk»be became an individual per-

taining to the genus planet and a member of that chiss called the solar sysiem.

It will be seen further, that the earth, considered individually, was submitted to

the same analysis as the individuals which pertain to the organized world. Thus
the earth has its descriptive anatomy ; it is the physical geography Avhich teaches

us the general arrangement of the planet, its double polar oblateness, the con-

figuration of the land and seas, the altitude of the ground and depth of the waters

in different places, the course of the rivers which traverse the ten'cstrial surface

like the veins in our organs. The earth has also its anatowy of structure. This

is represented b}^ geology, properly so called, which, according to the composi-

tion or arrangement of the formations, refers them to different types, as is done
with regard to the living tissues. The geologist, like the anatomist, does not

confine himself to the exterior appearance, but subjects each part to chemical

analysis, explores the densities and cohesions, observes with the microscope the

details, of structure, &c. Emhryogeny itself finds its analogue in the science

•which is occupied with the evolution of our globe and the genesis of the differ-

ent terrestrial strata. On one part and the other, we have the same method, the

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 striking

similitude between the methods employed and those to which naturalists have
recourse for the study of organized beings. Without forcing the comparison, it

may be earned even further. The earth has functions ; there are phenomena
which take place in it that bear an analogy to actual life. As the moon has been
called the cadaver of a planet, it may be said that the earth is a living planet.

Under this point of view, we shall see that it has also its physiology.

It is meteorology which reveals to us the functions of our planet. In the inge-

nious treatise lately published on this subject by JI. Marie—Davy, there may be
found a particularly vivid picture of that perpetual circvilation of the waters which,

quitting the sea under the form of vapor, rise into the atmosphere only to be con-

densed in clouds, and, falling again upon the earth, are borne by the brooks and
rivers to the sea from which they were separated. The atmosphere is the seat

of an analogous aerial circulation ; the equatorial zone is the common goal of

the lower trade-winds, as jt is the point of departure of the winds of an opposite

direction, the upper trade-winds, which flow thence to the polar regions, whence
they will again return towards the equator. The distribution of terrestrial heat

presents a perfect resemblance to that of animal heat ; the same tendency on
either part to the refrigeration of the points remote from the central region ; the

same transference of caloric by the circulation of heated liquids. Could we enter

here upon the study of the distribution of the animal temperature, it would bo
seen that the analogies are still more striking than the present occasion permits

us to demonstrate.

If I have dwelt at some length on this retrospective survey of the progress of

the sciences, it is because I have thought that much instruction might be found
therein for those who are seeking to advance them ; and should I have succeeded

in showing that the methods followed are always nearly the same, the history

of the progress achieved may enlighten us as to the value of each of those methods.

Thus, as I said in commencing, the experience acquired by our predecessors will

serve to conduct us in the new route which we shall have to traverse. That
route is plainly traced; it is easy to see that the tcndenc;yiis no longer to classi-

fications, which will, of themselves, become perfect under the influence of ultc-
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rior discoveries respecting the functions of animals and plants. Nor yet is tlie

actual tendency, as it seems, to descriptive studies. At tlie point wbicli anatomy
Las reached, what is rather to be apprehended is confusion, through the midti-

plicity of minute details. Our science is already encumbered with descriptions

which the life of one man would not suffice to master.

To this it may be answered that it is precisely to remedy this obstniction that

recourse is had to a division of labor; that, by virtue of this expedient, we may
Icjok with confidence to the indefinite increase of human science, each ramifica-

tion of which will be developed l»y the assiduity of inquirers devoted exclusively

to some speciality. But can it be necessary to show how much such a state of

tilings is to l)e deprecated ? The more thoroughly any point of science is inves-

tigated the more numerous and intimate are found to be its connections with all

others. Need we recall the services which zoology and botany have rendered

to geology, the utility of chemistry and physics to those who cultivate anatomy
or pln'siologj'? So much for the solidarity, the inter-dependence of the sciences,

in view of the means of study and the furtherance of one through the other;

a lilic solidarity is found in regard to the laws which govern them.

Every law, when once known, throAVS light on a vast field, for it controls a

great nund)er of phenomena. The law of proportionality to the squares applies

not only to the gravitation of the heavenly bodies, but to light, electricity, mag-
netic attraction, accelerated movement, &:c. Chemical laws enable ns to foresee

a great number of phenomena which no one has yet attempted to realize.

If all the sciences allowed of our evolving, from this time forward, precise

laws, it would be easy for us to combine in a grand assemblage all dispersed

facts; a single mind might embrace in their generality all human cognitions;

what the sages of antiquit}^ could not realize l)y reason of the narrow extent of

their knowledge, would be accomplished to-day on a field much more vast,

thanks to the excellence and simplicity of method. This ideal, which however
we shall never attain, should at least be the star which serves us for a guide

;

it is to the research of the laws of life that it behooves us henceforth to direct

our earnest attention.

II.

—

Office of ais^alysis in the sciences.—power "which it derives
FROM THE EMPLOYMENT OF GREATLY IMPROVED INSTRUilENTS.

I have endeavored to show that the human mind proceeds in all the sciences

after nearly the same manner, so that, as regards each of them, progress is rep-

resented by an evolution strikingly similar. I hope to prove also that the

sciences, in the process of their development, tend to an approximation towards

one another, resulting in their reciprocal advancement, since each of them sheds

light upon the other. Zoology and botany, it is obvious, have ftmiished to

geology an inestimable element of progress, by disclosing one of the most indis-

pensable characters for recognizing tlie relative age of different formations. This
character is derived from the determination of fossil species, some of which
characterize, so to speak, certain geological epochs.

Physics and chemistry have so many points of contact that it is almost

superfluous to mention them; the time may be foreseen when these two
sciences can be no longer separated, chemistry constituting, in effect, only

molecular physics. But physics and chemistry exert on the other hand an ever-

increasing influence on the natural sciences. Neither animal nor vegetable

physiology can dispense with their aid; it may even be said that all that we
know accurately in these two sciences is what is explained by means of the

laws of physics and chemistry. Examjiles would present themselves in crowds

W'ere it requisite to furnish them. Thus the mechanical phenomena of respira-

tion were unintelligible before atmospheric pressure had been discovered. Anato-

mists and physiologists were sui'prised to see the air rush into the plem'a when
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the diapliragm or walls of the breast of an animal, alive or dead, were pierced;

there is now nothini^ obscure in the nature of this effect. The same cause

explains also many phenomena relating to the exchange incessantly produced

between the gases of the Idodd and the atmospheric air, the action of respiration

on tiie course of the blood, &c. Mechanics elucidates the muscular phenomena,

and in general all the movements produced by animals. The circulation of the

blood borrows from hydrodynamics the explanation of everything relating to the

movement of the sanguineous fluid. Without chemistry, what ideas could wc
possess respecting the digestive functions, the offices of respiration, the function

of the glands? Optics and acoustics are treated, in the works on physiology, in

the same manner as in those on physics. Finally, the laws of electricity acquire

every day more 'mportance in the interpretation of the nervous phenomena.
All this proves the reciprocal dependence {solidarifi/) of the sciences; it shows

that it is necessary to separate them as little as possible, that the tendency should

be to their simplification, to the 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
the usual processes of demonstration to pass from the simple to the composite,

to start from a well established principle in order to arrive, from one deduction

to another, at the 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 ? Far otherwise ; nor do those who make
discoveries in the natural sciences proceed in this manner. They observe a
great number of facts, compare them, place them side by side, seek the condi-

tions which modify each phenomenon, and succeed only in the last place in

finding a principle or a law which may guide the understanding in the 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 false method
which generates systems. Starting from a principle supposed to be true, it pro-

ceeded with the most iiTeproachable logic to heap deductions upon deductions,

till the moment when eiTor became so obvious that the whole fabric collapsed

at once, and the work Avas to be commenced anew. It was a pure metaphor
that WTought the evil :

" It was proposed to construct the science, and a corner-

stone was to be 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 1

By what 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 the

study of the natural sciences to the labor of the archeologists in deciphering

inscriptions traced in an unknown language. They try, turn by turn, several

senses for each sign ; they seek assistance at the same time from the conditions

under which each inscription has been found, and from the analogy it presents

with inscriptions already known, and they arrive only in the last place at a
knowledge of the principles by which they teach others to decipher the strange

language.

In every science progress is only to be obtained by the employment of certain pro-

cesses which act like powerful levers in the service of the human mind : analysis,

which 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 the realization of furtlier progress. I propose, therefore, summarily
to state the 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 be otherwise compreliended. If the multiplicity of simultaneous
incidents perplexes our understanding, we endeavor to abstract one of these

incidents, observe it as exactly as possible, then, passing to another, study it in

the same manner. In thus overcoming successively the difficulties which pre-

sent themselves, and which in combination exceed our efforts at comprehension,
consists the function of analysis^ and it is this which constitutes the source of its

power.

But, in this conflict of details, difficulties of another order still present them-
selves. These arise from the insufficiency of our senses, baffled alike by objects

too small or too large, too near or too remote, as well as by movements too slow
or too rapid. Man has found the means of creating for himself more powerful
senses in order to detect the truth w'hich evades him. He has rendered his

vision more penetrating by help of the telescope which sounds the immensity of

space, and of the microscope which explores the infinitely little. Balance and
compass in hand, he estimates with precision the weight and volume of bodies,

which his touch indicated to him in only a rough manner. The more advanced
the state of any science, the more it has need of instruments, for it has passed
beyond the horizon embraced by the unassisted view of our predecessors. It

has transcended the limits of the circle in which the human intellect was so

long exercised, while exhausting itself in contemplating the surface of the same
objects and consuming in sterile dialectics the power which to-day it employs in

rigorous observation.

Instruments are the indispensable intermediaries between mind and matter

;

the physicist, the chemist, the astronomer can effect but little without their suc-

cor ; the anatomist, the physiologist, the phj'sician have recourse to them as

indispensable to the progress of medical science. The invention of cadaveric

injections and that of the microscope have imiugurated a new era for anatomy,
winch owes to the use of these expedients the comparative perfection which
it has attained in our day. The same is the case with physiolog}- ; it is

to the manometer, the thennometer, to electric machines of various construction,

apparatus for registering, &c., that the physiologist is indebted for the power
of substituting experimentation, in its proper sense, for obseiTation, always
slower and often powerless to discover the laws which govern life.

To show the progress already realized in the method of analysis, and to mark
the multiplicity of resom'ces of which it may avail itself, we take a few
examples

:

In chemistry, when the object is to recognize the nature of certain bodies

which enter into a combination or mixture, we proceed, by qualitative analysis,

to disengage each of these bodies and to isolate them successively. Then, by
quantitative analysis, we determine in what quantity each substance existed in

the mixture. In making this discrimination, the balance is at our service.

This, we see, is an apparatus borrowed from physics which enables the chemist

to arrive at exact detenninations. But the helpful intervention of phy>^ics stops

not there. In virtue of that solidarity of the sciences, of which I have before

spoken, the chemist resorts to the physicist for the aid of still other instruments.

If, for instance, we have the solution of a known salt whose degree of concen-

tration we would ascertain, there is no need to destroy the mixture and
extract the salt, in order afterwards to weigh it ; we seek, by means of the are-

ometer, the density of the mixture, and, knowing the density proper to the salt,

it is easy to calculate the quantity contained in the solution. If in another

solution substances exist which are crystallizable together with others which are

not so, the use of the dial>/ser enables us to efiect their separation. This again

is an apparatus of physics placed at the service of chemistry. The xjolarimeter

is also of great utility. It enables us to appreciate in an instant the existence

of certain substances contained in a solution, and to determine then- proportion

with rigorous exactness. Lastly, the S2iCctroscojje contributes a new power to
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cliemistry : it has extended the domain of chemical analysis beyond the world

we inhabit, by enabling us, from the optical properties of the light of the stars,

to determine their chemical composition, ancl to atlirm, for example, that in the

sun there must be iron, nitrog'en, cobalt, &c. ; in the star Aldebaran, sodium,

magnesium, calcium, iron, mercury, hydrogen, &c. Thus science, by means of

analysis, has realized wonders which the most daring imagination would have
never ventured to conceive.

In i)hysios, the functions of analysis are not less extensive. It is by employ-

ing dili'erent kinds of apparatus, each of which reveals certain properties of elec-

tricity, liglitj heat, &c., that we have succeeded in forming an idea of the man-
ner in which tliese agents act in nature. The physicist renounces the idea of

ascertaining their essence as we renounce a knowledge of the essence of life,

and is content to describe each agent according to its manifestations. Eh,'ctri-

city, which reveals itself to us in great meteorological effects, in the production

of lightning and boreal auroras, for instance, everywhere else evades our per-

ception, and yet it is demonstrable that everywhere in nature electricity exists.

The electroscope discloses it in the atmosphere which suiTounds us. The gnlmn-
ometcr shows us that electric cun-ents are formed, so to say, wherever an act of

a physical nature is accomplished : water which evaporates, a plant which vege-

tates, an animal which lives, give rise to electric phenomena which our senses

cannot directly perceive, but which we render perceptible by means of instru-

ments of analysis. Such expressions as electric currents^ electro-motice forces,

intensity and tension of clectricit}^, are artifices of language which enable us to

conceive more readily the conditions under which the phenomena called elec-

trical are produced and modified. But in proportion as known facts become
multiplied by analytic researches, science is seen to disengage itself from the

ambiguities of language and to sacrifice the expressions whiclk are no longer

useful to it. It is thus that the hypothesis of two electric fluids, the one 2)ositive,

the other negative, is tending at present to disappear.

What we know regarding light has been acquired by the same method : we
have learned to decompose it by the jjm>/Y into its different elements ; some col-

ored in difierent manners, others invisible, but endued with heat or chemical

properties. The theory of light furnishes us with a good example of the dis-

appearance of an hypothesis in the presence of contradictory facts. We know
that the hj-jDothesis of radiation has vanished before the phenomenon of inter-

ferences, and has given place to the theory of undulations, which alone explains

all the phenomena actually known.
Thus physical agents become characterized every day in a more complete

manner, and are more and more accurately determined by the cliaracters which
their analysis discloses. I shall not attempt to follow the progress realized by
the analytic method in the knowledge of magnetism, heat, mechanical force, &c.

I confine myself to the statement already made that the solidarity of the

sciences constantly augments in proportion to the progress realized. For the

difierent branches of physics the fusion is evidently taking place in our own day.

It is interpreted to us by the profound conception of the equivcdence of forces
and of the transformation of mechanical labor into heat or into electricity.

The naturalist who is not content with obscn'ing the forms, however varied,

of organization in animals and plants, must proceed like the physicist and chem-
ist, if he desires to discover the conditions of life. His first means for the

analysis of phenomena is vivisection. It is through this that he becomes a w"it-

ness of the accomplishment of functions; all that is visible and palpable in the

play of the organs Ife revealed to him by tlias anatoniia animatu, as it was called

by Ilaller. On this head I could say nothing which will not be found more
competently stated in the valuable treatise of M. CI. Bernard (Introduction a la

Medicine experimcntcde.J In this work may be seen everything relative to phy-
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siolog-ical experiment, wliile excellent advice is given regarding the disposition

of mind wliicli it is necessary to l»ring- to the study of biology.

But, of itself alone, vivisection is insufficient for this pursuit; it can do no more,
so to say, than lay bare the phenomenon simultaneously with the organ which
is the seat of it; it reveals to our senses only ^\•hat they are capable of perceiv-

ing. Now, we have seen that in physics our senses teach us very little, and that

it is necessary, at every step, to have recourse to apparatus for analyzing the

more delicate phenomena. The same is the case in biology. The electrical

phenomena which take place in animals are, in certain cases, directly percepti-

ble. The commotion produced liy the torpedo and gyranotus have been known
from antiquity, but the most sensitive galvanometers have been needed to detect

those electric modifications, so weak and yet so important, which accompany the

nervous and muscular actions. Du Bois-Reymond and his successors have
made known to us an entire new phase of physiology, and one of the most
interesting kind. Optical apparatus is indispensable for the exploration of the

interior of the e^-e, as well as for the delicate measurement of the curvatures of

each of the relVactive mediums which compose it. Thus, while dissection

teaches us certain details of the organization, it would nevertheless deceive us

by destroying the normal disposition of the parts, had we not the means of

studying the living apparatus in situ.

Anatomy shows us the organs with a definite form and volume
;
physiology,

on the contrary, teaches us tliat most of the organs present, in the actions of life,

changes l)oth of form and volume, a few of which only can be easily perceived.

We must resort to instrumental aid for the demonstration of changes too deli-

cate for naked vision. Now, micrometry, as is well known, has attained an
extraordinary precision in the determination of the diameters of objects extremely
minute ; it constitutes one of the principal resources at the disposal of histology,

and enal)les it, in eft'ect, to assign to each element its normal diameter, which is

one of its important characteristics.

As there exists, then, a micrometry by which we can measure the slightest

changes in the volume of the organs in living animals, I deem it the more
important to indicate the apparatus destined for this purpose, since it is still but

Ijttle employed, though possessing, in certain cases, very great utilit3^ It will be
remembered that discussions were heretofore maintained respecting the dilatation

of the arteries under the afflux of the blood propelled into them by the contrac-

tion of the ventricle. Some writers contended that the arterial system makes
room for the sanguineous wave by means of an elongation sustained by the ves-

sels, while others thought that the arteries, in this act, dilate and lengthen at

the same time.

To resolve this question, M. Flourens conceived the idea of encircling the

artery of a living animal with an interrupted ring formed of an elastic spring, which
would yield to tlie dilatation of the artery and manifest it by the separation of the

two ends of the ring. This separation takes place, in effect, Avhenever a new dis-

charge of blood is received from the heart. But the method is not wholly free from

objection. If we suppose the pressure of the elastic ring to produce a slight

constriction of the vessel, the latter may simply recover its normal dimension,

and in this wa}', without undergoing dilatation, would separate the ends of the

ring which compressed it. M. Poiseuille employed a more rigorous method,

which consists in placing the artery which we propose to examine in a small

box with rigid walls, pierced on one side and the other by a suitable hole. In

this box the artery is maintained at such a degree of tension ^s to preclude any
liability to elongation through pressure of the blood. The box is filled with

liquid, and is furnished at some point in its walls with a capillary tube in which
the liquid ascends to a determinate level. If the blood-vessel thus enclosed

undergoes the slightest augmentation of diameter, it necessarily displaces the

liquid of the box, and the level in the capillary tube is seen to rise or descend,
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accordincr as the diameter of the vessel is increased or diminished. This m(!thod

is susceptible of a great number of applications ; it enables us to show that all

the vascular organs undergo, at each sanguineous discharge from the heart, a

distension followed by contraction, similar to that presented, in a higher degree,

by the erectile tissues. But this mode of examination is not new ; there may bo

seen in the works of Swammerdam the description of an apparatus very analo-

gous to the one in question, and destined to determine whether a muscle in con-

tracting undergoes a change of volume.

Of all the phenomena which characterize life, movement is the most import-

ant ;
it may be said, indeed, that in general it is movement which gives their

distinctive character to all the functions; now, it is under this aspect that the

phenomena of animal life can be analyzed at present with the most admirable

precision in the three correlative elements of duration, extent, and /orce. We are

but little capable of appreciating duration with exactness, especially that which

is very short, and we generally consider as instantaneous such phenomena as

occupy a space of time shorter than the half or quarter of a second. For the

same reason we assume the synchronism of two acts which follow one another at

a short interval. But chronometry has made so much progress of late that Ave

can now measure the shortest durations, thardvs to the apparatus employed by
the physicists. The velocity of projectiles, of light, of electricity, is readily

reduced to measurement, and nothing prevents the application in general of the

same methods to the still shorter durations of physiological acts. The extent of

a movement is susceptible of very exact a})prcciation, i)rovided the movement fur-

nishes a trace which may ])e afterwards submitted to the estimates of micron)etry.

The idea o^ foirc has recently undergone an important modification; it has been

reduced to that of kdor accomplislied, and is referable hencclbrth to a determinate

standard, the kilogratnmetre and its divisions. We find ourselves therefore in

possession of accurate terms of comparison, and should eliminate in future every

vague expression relative to movement. We should characterize it in every case

according to its duration referred to the second of time, its extent in terms of the

metre or its fraction, its force as expressed in kilogrammetres. Perhaps a still more
complete conception is that which further characterizes a movement by its form ;

that is to say, which takes account of the different phases of the movement, and
no longer onh^ of its commencement and end, its maximum and minimum, but

which determines all the intermediate states. Such is the result obtained by the

(jraylnc nietltod, to which 1 shall have occasion elsewhere to call attention, as

furnishing of itself the solution of a great number of problems of the highest

imi)ortance.

Movement, before being executed, is, so to say, ])otentially contained in certain

causes which produce it : weUjht, elasticity/, the pressure of a liquid, the tension

of a gas. W^e now know how to a})preciate these forces, which may be called

virtual. It is statics which measures them, and introduces into their measure-

ment that rigoroiTs exactness which tends at present to become general. The
application of the ynanometer to the valuation of the pressure of the blood, of the

thoracic aspiration, t)f the force with which the glandular reservou's contract, is a

further step in the progress of our epoch.

If I have here given but a rajjid and incomplete enumeration of all these exact

processes and their apjn-opriate apparatus, it is because the occasion will here-

after present itself, in my collegiate course, of describing them more completely,

and of more fully exemplifying their value. I have aimed to show in the first

place the resources which we have at oin- disposal, and to prove especially that

it is by drawing more closely its relations with the other sciences, that biology

has become progressive and will continue to progress. Now that we are })ro-

vided with new means for atteuqiting the solution of the problems of life, we
may resume the researches in which our predecessors have been foiled. A
subject which might be supposed to be exhausted becomes once more a fertile

19 s
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field for stud}', if we acquire new processes with which to explore it. It is

cLietly when we recur to ancient experiments that we are struck with the pro-

gress which has been realized. We might almost be disposed to condemn the

narrowness of view of the old experimenters, if we did not revert in thouglit to

the epoch when they lived, and to tlie exiguity of the means of analysis of which

they could avail themselves.

6till another reason necessitates the erajdoyment of apparatus in physiology.

Even in the cases in which vivisection reveals to us important facts, it induces

such extreme perturbations in the functions of life as greatly to modify them
and to convey a false idea, if the normal expression of the function l)e assumed

to 1)0 exliibited in any phenomenon which we may thus witness. To take an

example, the case may be cited when tlie section of the spinal marrow' is per-

formed on an animal, and artificial respiration is practiced in order to maintain

organic life as long as possible. Under tliese conditions the phenomena of cir-

culation undergxi so profound a modification that we should be on our guard

against the false ideas wdfich may be drawn from the experiment. The rapidity

of the current of the blood becomes excessive, the pulsations of the heart are

accelerated, the central temperature is lowered, while the peripheral temperature

rises. The physiologist should, therefore, endeavor to inflict on the animal

which he is exannning as little mutilation as possible, if he would obtain an

exact idea of the normal conditions of the circulation of the blood and the

aiiinuil temperature. "VVe know, moreover, that the secretion of the glands,

under normal conditions, difiers much from that which we collect by artificial

means. Tlius the pancreatic juice derived i'rom an animal in which an opening

has been effected difiers chemically from that wliich the gland discharges nor-

mally into the duodenum. It would not be difficult to multiply exam})les shoW'

ing how necessary it is to leave the animal in its normal condition if we would
not have the function interfered with ; but this is only attainable by means of the

difierent and delicate apparatus of which some portions are above enumerated.

Another cause often obliges us to renounce vivisection, and to substitute the

use of apparatus : it is the necessity of directly studying the human physiology.

Of all the beings whose organization and functions science has essayed to inves-

tigate, man has been the most frequent object of study. It is the human phy-

siology which serves, so to speak, as a type for that of the whole animal

kingdom.
Nevertheless, if it is true that our own organism and functions seem to

present the most complete model of animal organization, it is not less true that

certain organs, as well as certain functions, are, in us, less sharply characterized

than in tiie lower order of beings. Hence it is of the greatest importance to

follow, by analysis, each of the phenomena of life in the whole series of living

beings, or at least in the principal types, with a view to ascertaining wdiat are

the difierent processes which nature em})loys in order to arrive at her end, the

life of the individual and of the species. Hence the origin and object of com-

parative pJn/siologi/.

It is to the human being, however, his organs and his functions, that the

greater number of investigations is at the present day directed. And, as all

resources are to be laid under contribution in the prosecution of our object, we
may sometimes borrow aid from the science of medicine, which finds in the study

, of maladies certain conditions not always to be realized by experiment. It

is not to be forgotten, however, that medicine is not the basis of biology,

though, in an ntilitarian point of view-, it may be its end. In such inquiries as

we are now pursinng, it is but one means the more of analyzing the conditions

which modify the functions of life, and of an-iving at a better determination of

the laws which regulate those functions. In order to give an idea of the

infiuence which medicine has had on the knowledge of the organism, I need

but recall that it was in a case where a perforation of the thoracic walls had
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occurred tliat Harvey ohseixed the beatings of the heart ; and in another,

where a g-astric fistuLa had been formed, that Beaumont conducted liis memor-
able studies on digestion. The vices of congenital conformation furnish us

with numerous indications, not only on the subject of cmhnjogcny, but also in

relation to certain functions, such as those of the nervous system, respiration,

and circulation, winch produce the movements of the cephalorachidian liquid, &c.

The above is but a summary statement of the means of anal^'sis at onr dis-

posal at the present time. Our resources, it will be seen, are great, and furnish

a guarantee of success in researches yet to be undertaken. I would repeat, in

conclusion, what I have before said, that progress is visibly taking place through

the fusion of the sciences, and for us, natui'alists and biologists, resolves itself

into the facilities which we every day derive from physics and chemistry.

The time will come, no doubt, when we shall be able in our turn to furnish to

those sciences new elements of progress. But, for the moment, we are their

debtors, for the reason that the physical and chemical sciences, more simple than

ours, and long disengaged from the bad methods by which we have been misled,

are to-da}' more advanced than biology, in the sense that they arrive more readily

at exact ideas of the phenomena which they study. It is only after having
fruitlessly employed in the study of the phenomena of life the methods supplied

by pln'sics and chemistry that we shall have any right to invoke the inten^ention

of extra-physical causes for the explanation of the vital phenomena ; and it is

not difficult to see how far we are from having exhausted the resources which
physical and chemical analysis now places at our disposal.

t III.

—

Experimental st:nthesis iif the natural sciences.

In speaking of the processes which the human mind employs in scientific

researches, I have mentioned analysis and synthesis. We have thus far treated

of analysis ; we have considered it in its progressive improvements, and know,
in a general manner, the immense resources which it has at its command.

It remains to incpiire the meaning of S3'nthesisand the services which it is capable

of rendering. It has already been seen that it is not a method of research; that

a science which should propose to found itself upon synthesis, l)y setting out

upon principles established d priori, would incur the peril of going widely astray.

But nothing of this sort is to be apprehended when analysis has finished its

work and has put us in possession of a large number of facts, well established.

It is then that the office of synthesis commences. Synthesis is the opposite of

analysis ; it reconstructs what has been decomposed. This is the most general

definition of the method. But to give a more complete idea of it, it is well to

follow it in its difterent applications. We will first examine exjjcrimental syn-

thesis, in so far as it serves to control the results of analysis by reproducing a
phenomenon through a reassemblage of the conditions of its existence. After-

wards we shall pass to sj-nthesis properly so called, being such as it is defined

by scholastics, and which collects particular facts into general laws.

Experimental synthesis recornpounds that which has been decomposed into its

different elements. The chemist, for instance, when he has decomposed water

by means of analysis and has separated it into oxj^geu and hydrogen, can
recorabine those two gases. He has effected the synthesis of water. In
this second experiment, then, is found the most satisfactory demonstration of the

exactness of the first. Synthesis has served for the proof of analysis.

In organic chemistry the introduction of synthesis is altogether recent, but it

has effected in this branch of science a real revolution. In the last century,

chemists believed that organic matter was formed in animals and plants liy virtue

of forces different from those which govern unorganized matter. Buffon even
recognized an animated organic matter, destined to furnish unceasingly the

material of beings endowed with organization. As late as 1849, Berzelius still

admitted of special chemical laws in organized nature.
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It belonged to BertLelot to overtlirow these erroneous opinions, and to show
that the same laws prevail in organic chemistry and mineral chemistry ; to prove

that by employing the inorganic elements disclosed by analysis, it is practicable

to reproduce by synthesis a great number of the substances found in vegetables.

It was thus that, by means of carbon and hydrogen, our learned chemist formed

acetylene, C^H^j this body, treated with nascent hydrogen, gave him olefiant

gas, C*H*.

By the employment of water and carbonic acid, Berthelot formed the oxide

of carbon, C^O^. This again, by the fixation of the elements of the water,

yielded formic acid, C^H^O^, whence w'as obtained the gas of the marshes, C^H'*.

From the gas of the marshes, in turn, are derived, by successive condensation

of the elements, acetylene, propylene, benzine, and naphtaline. The ternary

bodies spring from the preceding by the addition of oxygen. Thus are produced

the alcohols: the methylic alcohol, C^H'*0^, by the oxydation of the gas of the

marshes; common alcohol, C''H''0^, by the hydratation of the olefiant gas. By
removing the hydrogen from the alcohols, we obtain the aldehydes; by oxydizing

the alcohols, we forai the organic a(;ids. By the fixation of the nitrogen in these

new products, whether by means of anmionia or l)y the action of nitrous acid,

we obtain the cpiaternary compounds. So that it may be foreseen that a resort

to synthesis will enable us to reproduce artificially those important substances

which are called the alcaloids of vegetables.

The physicist also makes extensive use of synthesis. Thus, when he wishes to

produce witli great intensity a phenomenon of wliich analysis has revealed to him
the conditions of existence, he constructs an apparatus in which he assembles

those conditions, and evokes the phenomenon with a degree of evidence hich
leaves no longer any doubt. Knowing, for instance, the electric phenomena
which occur between two different metals, both submitted to a chemical action,

physicists liave constructed batteries which produce cun-ents of dynamic elec-

tricity of a surprising intensity. In general, what is called an instrument of

demonstration is constructed in 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 the results obtained

by analysis or for furnishing a clear and striking demonstration of the phenom-
ena. This means of control and demonstration should certainly not be neglected.

It is often proper that experiments should be made with the view of reproducing

a jihenomenon, and demonstrating that it takes place in certain deternuned con-

ditions. In this case, the experimentation is synthetic. One of the principal

applications of this method consists in reproducing, outside of the living being,

certain phenomena which take place in the interior of the organism. Thus, in

order to demonstrate the action which the air exerts on the blood through the

walls of the pulmonary cellules, we make it appear that venous blood can be

arterialized by the action of the air taking effect through an organic membrane.
To prove the action of the acids of the stomach as well as that of heat in diges-

tion, it is usual to show that, in a matras, the addition of an acid to a mixture

of gastric juice and food excites an artificial digestion which would take place

but very incompletely without the presence of the acid. The action of heat in

digestion may at the same time be shown, for the temperature must be somewhat
elevated for that phenomenon to be produced with rapidity.

The physical phenomena which occiu' in living beings are particularly sus-

ceptible of synthetic demonstration. The apparatus of demonstration or scliemas

are admirably adapted to give an idea of the mechanism of these functions;

nor can anything more instructive be readily imagined than the employment of

such expedients, which enable us to assist, as it Avere, in the production of all

the details of the phenomena.
There are ii\any, doubtless, Avho will recall the difficulties experienced, at the

outset of physiological studies, in comprehending })erfectly the mechanism of
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respiration ; that virtucd vacuum, as it is called, wliicb exists in the cavit}' of

the pleura, and into which the air tends to precipitate itself as soon as an opening

is formed at any point of the thoracic structure. Now, this phenomenon can be

counterfeited in a very simple manner. {Fig. 1.)

We take a bottle whose l)ottom has been removed and is replaced by a

stretched membrane of caoutchouc : this bottle Avill represent the thoracic cavity,

while the membrane corresponds to the diaphragm. In the interior of this appa-

ratus we place an elastic bladder of caoutchouc, which represents the lungs. The
neck of the bladder is luted to the neck of the bottle, so that theie shall be but

one orifice, that which enables the exterior air to comnuinicate with tiie interior

of the bladder of caoutchouc. A hole has been formed in one side of the wall of

the bottle, and a cord is attached to the centre of the membrane \vliich represents

the diaphragm, for the ptirpose of communicating to this menibrjine movements
Avhich imitate the diaphragmatic action in respiration. We now proceed to place

this apparatus in the same conditions with the thoracic cavity. We blow through

the throat of the bottle into the bladder, so as to distend it until it fills the cavity

of the bottle and expels the air contained therein. We have thus established a
state of things analogous to that in Avhicli the thorax is filled by the expanded
lungs. If we cease to blow, leaving the lateral hole free, the wind at once enters

with a whistling" sound through the hole in question, precisely as happens in the

case of an animal whose breast has been suddenly pierced. But, if we close that

hole after having finished the insufflation, the bladder will continue adhering to

the walls of the bottle, although the throat of the latter be open. To imitate the

movements of the diaphragm, we exert a traction on the membrane ; the bladder

follows all these movements just as the lungs would do, and a reciprocating motion
is established between the exterior and interior air, through the throat of the bottle.

If we desire to measure the energy with which the bladder-lung tends to collapse

upon itself, a manometer is fitted to the hole in the side-wall ; the mercury will

now be seen to be drawn towards the apparatus with a force represented by the

inspiration of a column of air a certain number of centimetres in height.

A rather curious plienoraenon sometimes occurs in surgery, being a hernia of

the lung through a wound of the breast. This hernia might seem inexplicable,

in view of the tendency of the lung in such case to collapse upon itself. If wc
close the throat of our bottle, an act which corresponds to the occlusion of the

glottis in an animal and prevents the escajje of the air from the breast, the blad-

der will no longer have, as before, a strong tendency to retreat upon itself; for,

to do that, it must become empty. At this juncture let the diaphragm be
stretched, which will be equivalent to a strong effort at inhalation. The blad-

der will then be seen to fonn a hernia through the opening in the side of the

bottle. The explanation of this fact is quite obvious : the air, compressed in the
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clastic poncli with a certain force, tends to escape outwards by driving liack the

thin membrane which confines it ; this it effects at the sole point where the walls

offer little resistance. Suppose, for an instant, that, in place of the thin mem-
brane which now forms the hernia, there were a spongy but more consistent

tissue, like that of the lungs ; the hernia would become strangulated between
the edges of the opening and be unable to re-enter spontaneously, even when
the effort has ceased. Many other demonstrations might be made by means of

this simple apparatus.

Without digressing from the subject, another fact may be noticed which long

seemed obscure, but which is susceptible of a synthetic demonstration at once

simple and convincing. Have the intercostal muscles any action on the move-
ment of the ribs, and, if so, what is that action"? This was the subject of much
discussion among the physiologists of the last centiuy.

The solution of the question was demanded of experiment, and it was found

that, in living animals, the external intercostal muscles contract at every inspi-

ration of air. But this result of observation presented something paradoxical

and inexplicable. The external intercostals are extended between two ribs

:

it would seem, therefore, that they ought, in contracting, to bring the ribs nearer

to one another. Now, at the moment of inhalation, the ribs separate and the

intercostal spaces are enlarged.

P. Berard, in his courses of physiology at the Faculty of Medicine, was
accustomed to recall the discussions in question, and removed any hesitation on
the part of liis auditory by tracing on a tablet a schematic figure which rendered

the phenomenon easily intelligible. He would state, at the same time, that he
had received from Dr. Hutchinson a small apparatus formed of pieces of wood
in imitation of the arrangement of the ribs in relation to the vertebral column,

and of elastic bandelets which represented the action of the external intercostal

muscles. The whole, when the parts representing ribs were lowered so as to

exert a traction upon the elastic bandelets, was calculated to take the position

attending the act of inhalation in the animal frame. Annexed is an apparatus

which I have constructed upon these indi-

cations and which aptly reproduces the phe-
nomenon in question, {Fig. 2.)

The vertebral column is represented by a
piece of vertical wood on which three trans-

verse pieces are articulated : these represent

the ribs. The direction of the intercostal

muscles is indicated by that of the braces of

caoutchouc fastened !)} pins on the cross-

bars of wood. When the ribs are horizon-

tal, as in the figure, there is a considerable

interval between them, but the insertions,

A, B, of the brace of caoutchouc are not so

widely sejjarated as in the case when the rib-

pieces, being lowered, approach and touch
one another. In that case, the brace of

caoutchouc corresponds to the diagonal of a
very oblique parallelogram. Now, the
position of the elastic brace is that which
the external intercostals present in relation

to the ribs. The contraction of these mus-
cles serves, therefore, to raise the ribs, as
the elasticity of the caoutchouc acts in the

schema which we have been describing.

.Tis-t

i I
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Among tlie meclianical pliciioin(.'na of the circulation of the hh)o<l there are

quite a number which may be imitated in a perfect manner. A schema, well

known in Germany, is that of AVeber : it shows how the circular movement of

the blood is accomplished in that vast self-re-entering system represented by the

heart and blood-vessels, [jig. 3.)

We take an elastic tube, curved upon itself, so as to form a complete circuit.

which may be filled with a liquid by means of the funnel, e. At a point in

this tube a part, marked c, is bounded by two valves, both of which open in the

same direction. This portion of the circuit corresponds to the heart. At the

point directly opposite the portion c is placed, at c, a tube of glass, in which a
sponge is infixed tightly, forming, of course, an obstacle to the passage of the

liquid, in regard to which it exerts a resistance like that opposed l)y Uie capil-

lary vessels to the course of the blood. The apparatus being now filled with
liquid is ready for operating. If intermitting pressures be exerted on the part

c which represents the heart, the enclosed liquid is propelled and made to pass
into the portion of the tube where the ]ilay of the valves permits its beinf intro-

duced, nameh', into a, a'. Under the influence of compressions frequently

repeated, the portion into which the liquid flows becomes distended. Now, it is

in this condition that the arterial system subsists in animals, since there the blood
is continually pressed forward 1)y the systoles of the left heart. Hence the

liquid acquires in this part of the tube a considerable amount of pressure Avhich

imitates, with sufficient exactness, the pressure of the blood in the arteries. The
sponge, c, allows the liquid to pass gradually from the arterial part of the tnbc
into the venous part, that is to say, into the portion v' v of the apparatus. This
passage of the liquid takes place in a continuous manner, notwithstanding the
interuiission of the impulses given to the liquid. Here, then, we realize an imi-

tation of the phenomenon produced in the circulatory apparatus : ihe regularity,

namely, of the course of the blood in the small vessels. In both cases this

result is obtained through the effect of the elasticity of the conduits in which
the liquid has circulated. Further, it is the same cause which producers in fire-

engines the regularity of the jet, notwithstanding the successive checks in the
play of the pump. In apparatus of the latter kind resort is had to a bell-shaped
receiver, under which the liquid arrives on issuing from the i)unq>, and which
counteracts the irregularities of the motive force.

It should likewise be remarked, that, under the inflaence of successive impul-
sions given to the liquid by pressing on the part r, it will l)e found that the
arterial and the venous portion of tlie circuit present opposite conditions of
repletion : the arterial pressure constantly tending to distention at the expense
of the venous portion which is at the same time partially depleted. It is thus
also in the economy of the living animal, the repletion of the arterial svstem
taking place at the expense of the contents of the veins. Finall}', it will l>e

observed that each impulsion given to the liquid, by the compression of the tube
at c, communicates to the whole of the arterial column a pulsation analogous to

that i)resented by the arteries of a living animal, and that this iiupulsicm is

anmilled at the extremity of the arterial part, so as to fail entirely in the \enous
portion. On the whole, then, this schema of Webei-'s reproduces in a very sim-
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pie way some of tlic principal plien<imena of the circulation of the blood :

1st. The circuit and the continuous current through the whole system of tubes;
with the understanding, however, that the apparatus is intended to represent
only one of the two circuits which constitute the circulation in the higher ani-

mals—namely, the greater one. 2d. The formation of two unequal pressures,

one rather high, being that of the blood in the arteries ; the other lower, being
the venous pressure. 3d. The continuity of the course of the blood in the
capillary vessels under the influence of the elasticity of the arteries. 4th. The
pulsation which is produced in all the arteries at each systole of the heart. It

might be possible to imitate in a more perfect manner the hydraulic phenomena
of the course of the blood, but the schema before us suffices for the moment as
exhibiting a synthetic reproduction of an action taking place in living beings.

In studying the circulation, theoretical considerations had led me to conclude
that the elasticity of the arteries produces on the course of the blood still other

effects than those demonstrable by the apparatus of Weber, and that this elas-

ticity itself favors the circulation by diminishing the obstacle which the heart

encounters at each contraction ; in other words, that the heart has less difficulty

in em}>tying itself into elastic vessels than it would meet with if the arterial

system were formed of rigid conduits. Now this effect of the arterial elasticity

has been contested by the whole body of physiologists. Some of them have
held, with Bichat, that the circulation would be effected quite as well in inert

tulies as in elastic ones, the only difference being that in inert vessels no pul-

sation would be felt, (jthers, relying on experiment, asserted that two tubes,

one elastic, the other inert, give passage to the same quantity of liquid if both
have the same calibre ; and this is pcrfecth' true if the flow of the liquid takes

jDlace under a constant discharge, but ceases to be true if the afflux of the licjuid

occurs in an intermittent manner, as is the case with the circidation of the blood.

Still other physiologists, struck witll the regularity of the course of the blood
in the small vessels, have considered the elasticity of the arteries as an additional

force, which propels the blood in the arteries during the repose of the heart.

But these also were in error, and we might refute their opinion by saying, with

Berard, that the elastic force of the arteries is in reality only indirectly contrib-

utory, a force cVemprunt, and that the heart is the sole impulsive agent which
exerts an active part in the circulation. Nevertheless, I maintain my proposi-

tion : the elasticity of the arteries is favorable to the course of the blood, but

it does not act as an impulsive force. It diminishes the resistance ivhich tlie

heart experiences when it propels the blood in tlie vessels. The annexed schematic

apparatus will enal)le me to demonstrate this proposition.

A ]\[ariotte vase V is raised on a support. From this vase proceeds a large
tube furnished with a faucet It. This tube is bifmx'ated at the point T, and
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eacli of its bvanclics is continued by a long conduit. One b h' is elastic, being

fonned of thin caoutcliouc ; the other a a' is of glass, and consequently rigid.

A valve, placed at the origin of the clastic tube, permits the liquid to penetrate

freely into its interior, but opposes all reflux in an inverse direction. The two
tubes have the same capacity of discharge: of this we may convince ourselves

by ojjening the faucet 11 and allowing a continuous current to be established.

But if the faucet be opened and closed alternately, it will be seen that the efflux

by the inert tube is intermittent, while that by the elastic tube is continuous

;

it will be also found that the discharge has become very imequal, and that much
less of the liquid escapes by the inert than by the elastic tid)e. The proposition

might be considered, then, as already proved, for it is evident that if the elastic

tube has discharged more liquid than the other, this results from its having
received more, and as the penetration of the liquid into the tubes takes place

under a constant charge, and can only be effected at the time when the faucet is

open, this clearly proves that at those instants the tube of glass was more per-

meable than the elastic tube.

But we may form a more exact conception of what occurs under these condi-

tions by inquiring not what issues from the tubes, l)ut what enters them. The
Mariotte vase employed as a source of supply furnishes the means of knowing
accurately what penetrates into each of the tubes at a given moment, for not the

smallest quantity of liquid can issue from the vase without the indication of what
portion of it is withdrawn by the entrance of a more or less considerable quantity

of air. Now, if the liquid be permitted to flow l)y the elastic tube alone, or the

glass tube alone, it will be seen that in the two cases the Slariotte vase indicates

very different discharges. If the efflux be by the ine^'t tube alone, bubbles of

air are seen to enter the vase one by one, at regular intervals, until the sup-

pression of the flow of liquid, when, by the same act, the entrance of the bubbles

is aiTcsted. If, on the other hand, the inert tube being closed, the efflux

commences with the elastic tube alone, a mass of air is seen on the instant to

rush into the vase, announcing the escape of a wave of the liquid at the first

moment ; the bubbles then become more rare and enter with the same slowness

which was observed in the case of efflux by the inert tube. Let the faucet be
closed at this instant, and it will plainly aj)pear that the elastic tube has

received a quantit}^ of liquid greater than that received by the inert tube and
corresponding to the access of the large volume of air at the commencement
of the experiment. It is this excess of liquid which occasions a flow more or

less durable alter the closing of the faucet. This whole quantity of water accom-

modated by the distension of the tube constitutes the advantage of the elastic

tube as regards thfe afflux. If this tube more readily admits the penetration

of the water into its interior, it is because the liquid is not required, as in the

case of the inert tulie, to overcome the total friction and flow outwardly, but

finds lodgment within the tube by reason of the extensibilit}- of the latter. It

is obvious that as often as these intermittent openings of the faucet are repeated

a new advantage is created in favor of the elastic tube. Finally, theory teaches

us that to render the efflux by the two tubes as unequal as possible, it is

requisite that the faucet should be opened, each time for a very brief period, and
that the intervals between the openings should be of some duration.

The demonstration of this effect of the elasticity of the arteries, though here-

tofore unknown, would seem to be of much importance ; it has enabled uie to

draw new conclusions, and to establish, for example, that if the arteries lose their

elasticity, as is normally the case with aged persons, the heart must experience

an increase of resistance, and, according to the known laws of pathology, become
hypertrophied. The researches which I have made with a view to the verifica-

tion of tins prevision have fin-nished a complete confirmation of the tlieory, but

I shall not insist here on particulars which enter properly into the domain of

medicine, and which would divert me from my subject.



298 NATURAL HISTORY OF ORGANIZED BODIES.

In returning- to the SA'ntlietio reproduction of the phenomena which ficcom-

pany life, I shall present but one other example of synthesis. The uses of the

natatory bladder of lishes have been ver}^ much controverted
;
most naturalists,

however, have considered this organ as capable of modifying the volume of the

fish, and consequently its density, so as to render it sometimes lighter than the

water, thus causing it to ascend to the surface ; and sometimes heavier, therel)y

enabling it to plunge to great depths. More recently, M. Morean resumed the

study of this subject, and pursued it much further than had previously been done.

His attention was first arrested by the circumstance that a fish drawn at sea from a

great depth swells and sometimes bursts when brought to the surface of the water,

and in this condition floats helplessly, because it has become much less dense than

the water. The elastic force of the air of the bladder, resisted under normal con-

ditions by the weight of a column of water extremely high,

brink's on a great distension of the animal if the pressure is

diminished, so that, having become lighter than the water, it

floats on the surface. Hence it follows that a fish which lives

normally at great depths in the sea cannot rise above a certain

altitude, under penalty of being borne to the surface by the

expansion of the gas of its air-bladder. And this theoretical

deduction involves a converse one : that the fish cannot descend

to a depth greater than that for which its natatory bladder is

adapted. If it veniures to a greater depth the gases of its

bladder will undergo greater compression, the density of the

animal will be augmented, and it will be precipitated indefi-

nitely, even to the bottom of the sea; whence it can rise no

more, unless it could secrete within its bladder a quantity of

gas suflicient to distend it notwithstanding the enormous

pressure to which it is subjected.

Theory* teaches us, then, that a fish is not fitted to live

except at a certain depth ; that it cannot all of a sudden

transfer itself from a certain zone to which the state of its air-

bladder assigns it ; that if it emerges from that zone in which

it possesses nearly the same density with the water, it must

be impelled indefinitely, whether to the surface or towards

the bottom of the sea. It may, moreover, be inferred that

the animal can within certain limits extend this zone to which

it is assigned, if it has the power of compressing or relaxing

its air-bladder; that is to say, of modifying' spontaneously its

own density, whether in one direction or the otlier. It is to

be understood, finally, that the fish has the faculty of con-

tending to a certain extent, by the movements of its fins,

against the effects of its own density, and thus still further

enlarges the zone in which it can subsist.

The whole of these theoretical deductions can scarcely

seem evident at the first glance, hence experimental control

would appear to be indispensal)le. We know, b}' experience,

that a fish drawn from a certain depth to the surface of the

sea floats in spite of itself; but the inverse phenomenon, a

fish precipitated to the bottom of the sea, is what no one

has witnessed. Yet a very simple scheme will render this

phenomenon perfectly evident. The apparatus for this pur-

pose {Fig. 5) is analogous to the ludion, an instrument with

which we are familiar. It is formed of a l>ladder of caout-

chouc filled with air, and sustaining a weight graduated in

such manner as to give to the whole system a density equiv-

alent to that of water. This apparatus is placed in a glass

^
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gauge Laving sncli a length that the liquid column shall represent a rather

strong pressure, when tlie ludion is plunged to a certain depth. The volume of

air contained in the ball is so regulated that the ludion, -when at the surface of

the water, is a little less dense than the liquid, and emerges from it to some
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 Avill

remain nearly immovable in the zone in which it is placed, indicating that its

density is now equal to that of the water. It is thus that it is represented in

the figure. Let it be sunk more deeply and it Avill be seen to have a tendency

to descend of itself: it has become denser than the water.

Here, then, we have a new example of the synthetic reproduction of the phe-

nomena Avhich occur in living animals. Many analogous examples might be
cited, but it is only my purpose here to signalize the utility of this method, and
to show how important it is still further to extend its application. It may be
added that any one, by the construction of a schema of his own, will find that

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, and problems be suggested which the mind is

impatient to verify by new experiments. In a word, this manual labor of the

construction of schematic apparatus, far from absorbing the mind, sustains and
guides it by furnishing it at each step with an experimental test.

An objection will not fail to be made by those who pretend that there are,

in living l)eings, properties which such persons term vital, and ^\hich are alto-

gether peculiar. They will tell us that S3'nthesis may well reproduce the physi-

cal phenomena which accompany life, but that it is incapable of imitating the

vital phenomena. I will answer, for my own part, that I recognize but two
sorts of manifestations of life: those which are intelligible to us, being all of a

physical or chemical order; and those which are not intelligible. As regards

the last, it is better to avow our ignorance than to disguise it under a semblance

of explanation.

, IV.

—

Laws in biology.

I have next to speak of si/nfhcsls considered as a mental operation, the oppo-

site of analysis; as collecting dispersed ideas to form of them a whole; as ascend-

ing from particular facts to the general law which governs all of them.
The highest point which the natural sciences can reach is the discovery of

the laws which govern the phenomena of life. This, as I have said, is the

ideal we should })ursue, but which we have not yet attained. At present it is

the research for facts which occupies- us; we labor in behalf of successors, per-

haps far remote ; we accumulate for them the materials of a vast synthesis, Avhich

will enable them to embrace all these facts under a general point of view, and
to educe from them simple laws. Already, however, light seems to diffuse itself

upon certain points of the sciences in question, and some of their laws have begun
to emerge from the mass of details.

Let us premise this cai)ital fact, that the laws of physics and of chemistry

reappear in the manifestations of animal or vegetable life, and that every day
the hypothesis which led to the admission of forces of a special nature in organ-

ized beings is becoming less and less necessary. As regards the laws of physics,

we have seen them applied in the operation of the schematic apparatus by means
of which we are enabled to imitate certain phenomena observed in living beings.

We shall doubtless still continue to discover these same law's in jjroportion as we
shall study in their more intimate details the functions of organized beings. As
regards the laws of chemistry, Berthelot has shown them as presiding in the

formation of the substances called organic. The hypothesis of a vital cTiemistry

of a wholly peculiar nature is now useless. Researches based on synthesis in

chemistry show us that the ordinary laws suffice to explain the formation of

organic matter in the interior of vegetables.
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The best known of all vegetal)le functions, the respiration of plants, presents

this first experimental idea, tliat the green matter of plants, under the influence

of solar light, decomposes the water and carbonic acid, thus setting at liberty

the hydrogen and oxide of carbon. Now, these latter substances are the ele-

ments which chemical synthesis employ's to form the ternary compounds, which

may all be derived from the action of nascent hydrogen on the oxide of carbon.

If the chemist, in his laboratory, must proceed by a series of transfonnations

in order to realize substances in which the elements are more condensed,

nature attains the same end in a more direct manner, without, on that account,

violating the ordinary laws of chemistry. In nature all the elements are in con-

tact in a nascent state, so that the simpler compounds which result therefrom

remain not long in their first phase of evolution, having close at hand every

principle necessary for the formation of more complex bodies. Organic bodies

an-ive, therefore, with immediate eft'ect at their highest degree of condensation,

while, in the chemical reactions of the laboratory, we are obliged, in following

up the conditions of the fc^nnation of these bodies, to create artilicial and succes-

sive phases.

In the study of the functions of life, the physiologist finds himself confronted

with phenomena so complex that he cannot at once comprehend the laws which

govern them. But he is struck with certain characters wliich seem to him more

constant than others. From these he deduces the existence of certain vital laws,

an ephemeral hypothesis which disappears soon or late before a more profound

investigation of the phenomena, and is absorbed in the more comprehensive

generalizations of physical or chemical laws.

First of all, the production of heat and that of movement seem to him to be

attributes of the animal kingdom. If some species appear to form an exception

to this sort of general law Avliich he has established, the physiologist explores

the facts more attentively, and perceives that the animals which he had at first

distinguished from others by calling them animals tcifh cold blood, constitute but

an apparent exception, and that they also produce heat, though in less quantity

than others, besides that they have not the property of preserving this heat, but

allow it to escape \vhen they are placed in a cold medium. Eventually it is

recognized that the chemical actions which take place in the organism are the

cause of the production of heat in animals, and that the quantity of heat disen-

gaged increases or decreases according to the intensity and nature of those

actions. Thenceforth the production of animal heat presents itself only as a

particular case of the disengagement of heat in chemical reactions.

Movement in animals was at first considered a direct result of life ; in its appa-

rent spontaneity, a character was even supposed to have been found which dis-

tinguished it from tlie movements whose laws are determined by m(?chanical

principles. But it was at length recognized that the production of movement,

like that of heat, requires in animals a chemical action ; that its production,

therefore, is not unlimited, but must be assimilated to the labor of our machines,

which transform into movement the heat derived from the combustion of carbon.

Considered under this point of view, the animal organism would not differ from

our machiner}', except in its more advantageous capacity of production, but can

yioM, on the whole, in labor only what the chemical actions exerted on the

.absorbed aliments will admit of. This extension of physical laws to the

functions of organized beings commends itself so strongly to reason, that no hesi-

tation is at present felt in pushing conclusions to their last consequences, and in

seeking, for example, in the animal economy the verification of the law of the

equivalence of heat and of mechanical lal)or.

Nothing can be more legitimate than this tendency to reduce all the phenom-

ena of nature to sinq^le and general laws ; to me it even seems that this mode of

procedure has every chance in its favor of being the right one ; still, from prob-

able hypothesis to demonstration is a long stride. On this account it is that we



NATURAL HISTOEY OF ORGANIZED 130DIES. 301

must recur indefatic^ably to the study of particular facts, aud that, without renounc-

ing the purpose of reducing' them ev^entually to simjth' Laws, it is necessary in

the first pLicc to refer them to other special laws, but to such laws as are sus-

ceptible uf demonstration.

Upon these grounds, certain phenomena of life may already be referred to

demonstrable laws. M. Brown-Se(piard, in particular, has given us, in his Journal

dc la Flujsiologic, a short note containing a very noticeable attempt at that gen-

eralization of which I have been speaking. This physiologist sets forth, as

results of his own labors as well as those of the savants who have preceded

him, ttvelve laws relative to the conditions under which nervous and muscular

actions are either produced, increased or exhausted, together with certain other

analogous phenomena which are observed in animals.*

Among these laws there are several which are not, perhaps, be3'ond the reach

of criticism, and everything would lead us to believe that the further progress of

science will reduce them to greater simplicity. Such as they are, however, they

appear to me well worthy of remark and meditation. For some of my auditors,

it is true, this generalization may be premature and difficult of comprehension;

but for most of those who are somewhat initiated in biology, I would hope that

they might lead to an enlarged conception of the facts with which they are

already acquainted. Some of these laws, being those which are specially appli-

cable to muscular contraction, are in substance as follows:

FiKST LAW.

—

Muscular contraction seems inscixirablefrom an organic change

which nutrition alone can repair.

It is now known that the muscle in repose presents the alkaline reaction, and
that, under the influence of repeated contractions, it passes to the acid reaction;

a chemical process has therefore been at work, which has modified the composi-

tion of the muscle. Again, if we seek in a muscle the proportion of matter solu-

ble in water, before or after energetic exertion, we shall tind, with Helmholtz,

that the quantity of soluble substances has augmented under the influence of

that exertion.

Second law.—The rapidity of the circulation of the Wood and the richness of

that liquid in restorative substances, favor the recuperation of the muscle, and ren-

der it capable of new labor.

This law, like the preceding, is susceptible of experimental verification. We
can augment or diminish the time necessary for the recuperation of the muscle

by abating or accelerating the course of the blood which traverses it. The need

of alimentation which follows muscular exercise also confirms this law in what
relates to the influence of the qualities of the blood on the muscular restoration.

Even in the absence of circulation, the restoration still takes place within certain

limits, which is explained l)y the presence of the blood with which the tissues

are saturated, even w'hen it ceases to circulate.

Thikd law, (flowing from the two preceding).

—

A muscle is subjected to

two influences, the one restorative, nutrition ; the other exhaustive, its motive func-

tion ; its actual faculty of producing movement varies according as one or the

other of these influences has acted.

Hence, after a prolonged repose, the muscle has attained its maximum of

aptitude to act, since the restoration is produced without w^aste. Conversely,

after prolonged action, the faculty of acting is at its minimum. It will be seen

how closely this law approximates to laws purely physical, and how much the

muscle resembles an apparatus w'hich on the one hand receives electricity, and
on the other dispenses it ; as it does also a body subjected to a source of heat and
to an intermitting cause of refrigeration.

Fourth law.—Becuperation after action is more rapid during the first few
instants than it is afterwards.

* In the number of these would further appear the electric phenomena observed in certain

fishes, the phosphorescence of certain animals, the movement of vibratory cilia, &c.



302 NATURAL HISTORY OF ORGANIZED BODIES.,

That is to say tliat if, after the action of a muscle, the repose lasts one minute,

there will have taken place a certain degree of restoration of the faculty of act-

ing, and that if the repose continues for two minutes, the restoration will not

have doubled the muscular energy. This likewise offers a new analogy with

physical phenomena. In effect, a chilled body submitted to a source of heat,

gains much heat in the first few instants, and acquires but little afterwards in

proportion to the duration of the process of heating.

Fifth law.—The habitual activity of a muscle and its nufrition stand in such

relation to one another that repose too much proloncjed produces atrophy of the organ,

tvhite action frecpfcntly rej^eatcd increases the volume of the muscle and augments

its aptitude to pjroduce movement.

The examples which confirm this law are w^ell known ; every one has had an

opportunity of ol)serving the development of the muscles which, in some indi-

viduals, are more exercised than the rest, and, reciprocally, the atrophy of the

muscles which, for whatever reason, have been consigned to a long repose.

There are limits, however, beyond which this law ceases to be true ; but these

limits have not yet been ascertained in a precise manner.

The laws here stated regarding the muscular function are sufficiently general

to enable us to recognize them in other functions which seem to have no analogy

with movement. Having incidentally mentioned the discharge of the torpedo,

I may here add that it would be interesting to inquire, within what limits the

laws above stated are verified in this order of phenomena. M. Brown Sequard

thinks, as I have before said, that they are goveraed by the same laws with the

muscular action ;
but experiment has not yet succeeded in proving the reality of

this opinion, though it may be said to have every probability in its favor. The
only point on which perfect identity has thus far been established consists in

the fact that the discharges of the torpedo become weaker and weaker when a

series of them is provoked. There is, therefore, a real exhaustion of the function

simply by its own action ; a fatigue of the electric organ, as there is a fatigue

of the muscle.

The presence of blood in the organ and its rapid circulation seem to be essen-

tial conditions for the abundant production of electricity and its prompt restora-

tion. Such, at least, is the conclusion which appears to result from the anatomy

of the electric apparatus of these animals, so richly provided with bloodvessels;

but the absence of exact means for appreciating the intensity of the discharges

of the torpedo has heretofore precluded rigorous experiment on this subject.*

We are able, however, as M. Moreau has shown, to verify the fact that a cessa-

tion of the current of the blood does not immediately prevent the electric appa-

ratus from operating, any more than it extinguishes instantly the contractility

of a muscle. But this suppression of the current of the blood would seem to

render the exhaustion of the electricity more rapid.

It will l»e seen that there remain many desiderata in relation to the produc-

tion of electric phenomena in fishes. The presence, however, of certain charac-

ters perfectly alike in the function of their electric apparatus and the muscular

function should induce inquiry whether other analogies exist. It is thus that a

knowledge of the laws of a phenomenon traces for us the path to be followed in

the study of others, by indicating the most probable result of the researches which

may be undertaken.

M. A. Moreau has happily been led by the analogy which exists between the

production of electricity in the torpedo and the prodnction of movement in the

* The galvanometers which have been employed are too sensitive ; the electric discharge

i)f the animal communicates to the needle so violent a deviation that it makes the circuit of

the dial-plate several times, and does not allow a comparison of the relative intensity of the

ditfereut commotions. It might be practicable, perhaps, by means of a circuit of derivation,

to give to the instrument ouly a part of the current, and as, in that case, the intensity of the

derived current remains proportional to that of the principal current, the variations of the

intensity of the discharge might probably be appreciated.
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muscle, to a study of the action of tlie nerves wliicli proceed to the electric

apparatus. In incpiiring wlietlier these nerves are similar to the motor-nerves,

he has, in effect, found the reseml)lance perfect: 1. That the section of the for-

mer suppresses the spontaneous discharges of the animal, just as the section of

the motor-nerves suppresses voluntary movement in the mnscles to which they

are distributed. 2. That the excitation of the periplieral end of an electric nerve

provokes a discharge of the apparatus, as the excitation of a motor-nerve jjro-

vokes a shock of the corresponding muscle. 3. That the excitation of the cen-

tral end of the electric nerve provokes in the animal no phenomenon of sensi-

bility, as none is occasioned when the central end of a nerve of movement is

excited. 4. M. Moreau having poisoned a tttrpedo with strychnine, which com-

municates to the motor-nerves a series of re])eated excitations and throws the

nmscles into tetanic convulsion, found that this drug jjrovokcd in the electric

apparatus very frequent discharges, similar in all respects to the convulsions of

a tetanized muscle.

The phenomena of scnsibiVittj are, within certain limits, subjected to the same
laws with the phenomena of movement. We verify with regard to both the

law which teaches us that activity exhausts the function, and that repose restores

it. A lively sensation fatigues the sensibility, exhausts or abolishes it for a
certain time, while by repose its previous intensity is renewed.

Let us take as an example the most complex, but at the same time most inter-

esting of our sensitive manifestations, the sight. When we look at a very bright

luminous object, the point of our retina on 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 darker spot, presenting the exact form of the bright object

by which our vision had been impressed. This spot is owing to the fact that the

fatigued poipt of our retina no longer perceives the luminous sensations with the

customary intensity. The more In'illiant the body observed, and the longer the

time we have observed it, so much darker and more persistent is the ensuing
image. Repose of the sight causes this subjective image, as it is called, gradu-
ally to disappear.

The i'atigue of our retina may be restricted to certain elements of sensation,

if we have received the impression of only certain elements of the light. Thus,
our vision ma}' be fatigued for the blue, the red, or the yellew sei)arately. Sup-
l)Ose, for example, that a red wafer be placed on a sheet of A\hitc paper, and
that we look upon it intently for some instants. Let us now remove the wafer
without ceasing to look at the same point ; we shall immediately see a grccti disk
of the same dimensions with the wafer appear in its place. The reason thereof

is: that in the white light of the paper our eye cannot perceive so vividly the
red rays in the point of the retina which is fatigued with that color, and as all

the other rays are there perceived, these form by their fusion the complementary
color of red, namely, green. In the same way, a green wafer would leave after

its disa|>pearance a red sul)jective image ; a yellow wafer would give a violet

image, &c.
I shall not dwell longer on examples of the very general law that every func-

tion tvltich is exerted is momentardij ex]iaustcd,cutd tlud if is restored hy repose.

Let us proceed to a brief consideration of laws of another order in the jihenomena
of life. We will take, for example, the influence of functions upon one another.

On this subject I may be allowed to adduce certain general views which
appear to me to result from the observation of phenomena and from physiological
experiment. A law of harmony among the functions of life will, I think, be
admitted W'ithout dithculty

j that is to say, that if one function reacts on another
it influences the latter in such manner as to derive therefrom advantage for itself.

To develope this idea, I will present a few examples : It has been already said
that any nmscular action has need of being maintained by the circulation of the
blood; now the action favors this circulation and renders it nuire rapid.
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To leave no doubt regarding the first proposition, I proceed to support it hy
experimental facts. It is in effect easy to demonstrate the necessity of the

sanguineous current in the exercise of a muscular action. Thus, when we tie

the lower aorta in an animal, we find that the muscles of the hind quarters are

quickly paralyzed. The same result follows if we inject into the arteries of a

limb a fine powder, which has the effect of obliterating the small vessels. M.
Flourens has shown that, under these circumstances, the nuiscles soon l)ecome

incapable of acting. There is a malady which veterinary surgeons call inter-

mittent claudication, and which has been attentively studied iu the horse by M.
Bouley and Dr. Charcot. This malady is produced by an obliteration of the

iliac arteries. In this state of things a new circulation is established l)y the

collateral vessels, but these have not the easy permeability of the large trunks

whose place they tend to supply. The animal thus affected can move for some
time in the usual way; but presently the afilux of blood to its muscles being no
longer sufficient, a sudden' parah'sis takes place and the horse stops. A moment
of repose re-establishes the muscular function, Avhich is exhausted anew after a

few steps. The case W'holly arises from the fact that the current of blood in the

muscles is no longer sufliciently rapid to maintain their function in a dnrable

manner.
Again, let us take a frog in Avhich the vessels of one of the hinder feet have

been tied, and suppose that both feet have been excited by induced currents,

and that iu both the contractility has been fatigued by prolonged action. If we
now excite the two feet of the animal, it will be seen that the sound foot has

recovered its contractilit}^, while that whose vessels were tied still evinces in a
high degree the exhaustion consequent upon its fatigue.

Granting then the necessity of a circulation so much the more rapid as the

muscular act is one of more energ}^ and duration, it is easy to prove the second

proposition which I just now advanced, namely : that this muscular act commu-
nicates of itself a greater rapidity to the circulation of the blood. Every.one
is aware that in venesection, if the member is motionless, the blood escapes

slowly from the vein, while the flow becomes much more cojjious if the patient

exerts contractions of the muscles of the fore-arm. The question hero is nut

that of a simple comj)ression of the veins by the muscles, which would mechani-

cally express the blood contained in those vessels. Such a cause would speedily

have exhausted its eflect, and extruded but an inconsiderable quantity of blood.

There is exerted, on the contrary, a continuous action which accelerates the

course of the blood as long as the contractions (^f the muscles of the foi'e-arm are

continued. A still more convincing demonstration of the influence of the muscu-
lar act on the current of the blood may be given, b}' showing that the arterial

system is depleted iu an animal which has just desisted from running and presents

in its interior a more feeble pressure than in a state of rejiose.* From such
facts as these it results that the nuisculiir act operates on the circulation in such

a way as to accelerate the course of the blood through the muscles, and thus

])romotes that action by wdiich the acceleration was occasioned.

We might cite a great number of examples of this law of harmony of the

functions, and show, for instance, that the venous blood, Avhen it arrives in

abundance at the lungs, stimulates that organ and provokes the respiratory

movements destined to arterialize it, while the respiration, at the moment when
it is executed, opens a passage for the blood on which it is to act, &c. But
these reciprocal inffuences of the functions wottld exact too long developments
to be thoroughly treated on this occasion. I confine myself to a notice of the

existence of this law of liarmony oi which I have been speaking, the recognition

of which I consider of the greatest utility, as enabling us often to foresee pheno-
mena which experiment will verify.

* See, for further development of this subject, Marey, Physiulogie mtdicale de la circula-

tion du sang, p. 223, Paris, ltiC3.



ON THE ELECTRICAL CURRENTS OF THE EARTH.

By Charles Matteucci.

TRANSLATED FOR THE SMITHSONIAN INSTITUTION.

The study of electric currents in the terrestrial strata dates, I think, from the

discovery of the galvanometer. M. Fox, in England, was the first who saw the

needle deviate when different points of a metallic vein were touched with the

extremities of the wire of the galvanometer. M. Becquerel afterwards made very

extensive researches on electric currents obtained between masses of water and strata

of earth existing under different conditions. Till then these experiments were

regarded but as obscure cases of electro-chemical action, of difficult interpretation.

There was no thought, in this case, of any such thing as a ten-estrial phenomenon

—

that is to say, of spontaneous electric cun'ents, as they are called by the celebrated

astronomer of Greenwich—until very strong electrical currents had been observed

in telegraphic wires daring the appearance of the aurora borealis. This phenome-
non presented itself for the first time, November 17, 1847, in the telegraphic wires

of Tuscany, while a bright aurora was visible on the horizon. The description

of this phenomenon, which I gave to the French Academy in a letter addressed

to M. Arago, was followed shortly afterwards by similar observations made
in the United States. In late years numerous observations have been made on
this subject on all telegraphic lines, and have confirmed the first results. It

was natural to seek the existence of electric currents and their laws in telegraphic

wires, independent of the simultaneous appearance of the aurora borealis, and
the Academy of Sciences is cognizant of the researches on this subject which
have been made public by such eminent savants as MM. Baumgarten, Barlow,

Lloyd, and AValker. When their memoirs are read with the attention they

merit, no one can fail to be struck with the difficulty which presents itself in

harmonizing the results they have obtained and deducing some general conse-

quence which might set us in the way of explaining these phenomena. All these

researches have been conducted by introducing a galvanometer into telegraphic

lines, and measuring the cun-ents at such times as the lines were not in service

for the transmission of despatches. Ordinary communications, established as

telegraphic stations between the metallic wires and the earth, are effected, we
know, in different ways ; sometimes they are fomied by plates of iron or copper
plunged into the water of wells more or less deep, and connected with the

metallic wires; sometimes these wires communicate with the shafts of pumps or

with the rails of an iron road. With the exception of the distinguished astronomer
of Munich, who seems, especially in his later experiments, to have duly con-

sidered the necessity of guarding against currents excited by the extremities of

the lines in communication with the earth, the observers have given us no inti-

mation how these communications were established.

Yet it is not difficult to discover on anV telegraphic line taken at hazard that

the currents obtained in these lines depend on the heterogeneousness of the

plates which communicate with the earth. I have often seen these cm'rents

20 S
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undergo a cliange of sign when the position of the phxtes was changed or

then- heterogeneousness was modified by causing the curreut of a battery to pass

in 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 quite homogeneous plates of copper, it

will readily be recognized that the slightest difference in the composition of

the water of the terminal wells suffices to excite cuiTents. It need scarcely be
added that in operating upon telegraphic lines, it is necessary to take account

of the secondary polarities which the currents of the battery develop, some-
times in one direction, sometimes in the other. Telegraphic lines have also other

causes of error due to the variable contact of the wire with the posts. From the

moment when I proposed to study this subject, I felt convinced that, before

aught else, it was necessary to possess a method by which would be realized

the condition of having long conducting wires, perfectly isolated, extended in

definite directions, the communications of which with the earth should be abso-

lutely homogeneous, and which should form mixed cu-cuits, all endowed with the

same conductibility. It was in the following manner that I attained these

objects:

The wire which I employed was of copper, two millimetres in diameter, and
covered with gutta-percha; this wire was suspended by means of a sort of cleft,

wrought in the top of a rod or slender post of wood, such as is in use here for

military telegraphic lines. These wooden rods were planted at a distance of 25
or 30 metres from one another, in two lines exactly traced, one in the magnetic
meridian, the other perpendicular to the meridian. Each of these lines was six

kilometres in length, the place where they were established being the plain of

Saint Maurice, 22 kilometres from Turin, a plain set apart for military exercises.

The communications between the extremities of the wire and the earth were
eflected in the following manner. At the extremit}' of each line I caused to

be dug a kind of pit of rectangular form, two metres in depth and length, and
one in breadth; at the bottom of this pit was formed a cavity much smaller, and
Avhich might be termed a sort of capsule, having a width and depth of 30 centi-

metres. A bed of clay, such as is used in the fabrication of pottery, was carefully

spread over the interior surface of this capsule, so as to prevent the water from
percolating too rapidly through its wall. The same water, being that from a river,

was employed for the four cavities, and the person appointed to superintend at

each extremity had a supply of this water at hand, in order to maintain it constantly

at the same level. Lastly, a porous cylinder, such as is used for the batteries of

Daniell, filled with a saturated and neutral solution of the sulphate of zinc, was
plunged in the water at the centre of the cavity, and the wire of the line was
united to a plate of zinc perfectly amalgamated, and which in tm'n descended

into the solution of the sulphate. The porous cylinders thus prepared and the

plates employed were tested in advance, and this testing was renewed from time

to time, so as to be sure that the plates were perfectly homogeneous. It rarely

happens that two plates once rendered properl^y homogeneous undergo alteration

for several days when they remain constantly immersed in the solution. Should,

however, a slight heterogeneity appear, it will suffice to wash and amalgamate
them anew, in order to render them again homogeneous. The two lines also

must be ascertained in advance to have the same conductibility. In a uniform

plain, like that in which I operated, the pits being excavated in nearly the same
stratum, the diflferences of conductibility could not be great; but I succeeded

in rendering them equal by deepening by a few centimetres the cavities made atj

the bottom of the pits of that line which was found to be most resistant.

In this manner the conditions of the circuit which I deem essential for these

experiments were realized. It is proper to remark that, wishing to test in advance
two similar excavations, with cavities at the bottom as above described, and
farmed at a distance of five to six meters from one another, I found no trace of a
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current between these cavities, as I had obtained none in employing the two
porous cylinders with their plates of zinc plunged in a vat fdled with water. I

proposed also to test beforehand whether the nature of the ibrmations in which

the pits were excavated might have some influence. With this view 1 caused

the earth proceeding from the excavation of pits near the place where I was
established to be transported, and two cavities formed in a neighboring field to

be filled with it; having then introduced into this eailh, in the manner already

described, the extremities of the galvanometer, I obtained no sign of a current.

Verj^ near the place where the two lines, north-south and east-west, crossed

one another, each of the lines was interrupted, and the extremities thus obtained

were passed into two capsules filled with mercury in the chamber where I had
stationed myself with the galvanometer. I eraploj-ed alternatel}' three galvan-

ometers—one of 1,500 coils, another of 100, and a third of 24,000 coils ; the

numbers which I shall report in my memoir were obtained with the first of them.

I must be excused for these long details on the process which I employed ; I

have thought it necessary to give them, as well by reason of the importance of

such researches as of the difficulties and uncertainty met with in the investiga-

tions which I have before cited. I continued the experiments on the two lines

for nearly a month, fi'om the 12th or 15th of March to the 15th of April of the

present 3"ear, during which time the weather was generally fair, the air cold and
dry, the sun very wann. I cannot report in this abstract all the numbers obtained

in this long series of experiments; for ten days the observations were made
almost hour by hour, with a change of observers. I am compelled, therefore,

to give here only a recapitulation of the results at which I have arrived.

1. In two circuits, formed in the manner which I have described, it is rare not

to find electric cmi-ents more or less constant, whose origin cannot be attributed

absolutel}' to the heterogeneousness of the terminal metallic plates, nor to chemical

action between the water in which the plates are immersed and the ten-estrial

strata.

2. These currents augment in intensity by deepening the cavities into which
the terminal plates are plunged from O'^.SO to 2 metres; the greater conducti-

bility found in the mixed line by deepening the terminal cavities accounts for this

result. The same may be said of the slight and transient augmentation of the

electric currents which is realized by the effect of rain on the earth immediately

surrounding the cavities in which the electrodes are plunged.

3. It has not been found that the extent of the plates of zinc and the diameter

of the porous vessels have a distinctly marked influence on the intensity of these

cun-ents, when operating at a depth of two metres.

4. In the meridian or south-north line, the current has always maintained a

constant direction; hundreds of observations have continually shown that the

cuiTent entered the galvanometer by the metallic line coming from the south,

and issued from it through the line directed to the north. By comparing the

very nearly confonnable deviations obtained in this great number of observa-

tions, it would appear that this cuiTcnt presents in the 24 hours two maximums
and two minimums of intensity. The two minimums occur during the day and
in the night, at nearly the same hours, that is from 11 to 1 o'clock. After

.1 o'clock in the ni<rht, the current aufi^ments and attains a maximum at from

5 to 7 o'clock in the morning. In the day this maximum oscillates between 3

and 7 o'clock in the afternoon. The difierence of intensity between the maxi-

mums and the minimums of intensity is greater than that of 1 to 2.

5. In the equatorial line the results are very diflerent, and subject to great

variations. Frequently the needle rests at 0°, frequently it oscillates, sometimes

into one quadrant, sometimes into the other, ranging from two to three degrees,

and even 14° and 15° on the same side, and often oscillating around 0°. The
direction of these cm-rents, which has occmred most fii'equently in the equatorial

line, was from west to east.
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6. By establishing communications between the lines south-east, south-west,

and north-east, north-west, the cun-ents realized Avere generally those which circu-

lated in the portion of the line pertaining to the south-north line.

7. Only the temperature more or less elevated, winch varied from 0° at night

to + 14° or 20° by day, was ever observed; the humidity or dryness of the air,

and even stormy weather, had an influence on the direction and intensity of the

current of the meridian line.

8. The results have been the same, whether the metallic portion of the line

was suspended on posts or laid upon the surface of the ground.

What is the origin of these currents? I believe it impossible to answer this

question with any confidence. What ought to be considered as perfectly proved
by experiment is, that in a wire, wdien it reaches a certain length and its extrem-

ities are in good communication with the earth, there is an electric cuiTent which
constantly circulates, and principally in the direction of the magnetic meridian

;

the origin of this current is neither in the metallic part of the circuit, nor in the

terminal metallic plates, nor in any chemical action which might be surmised

betw'een the ten^estrial strata and these plates, or the liquids in which they are

immersed.

Should these currents be considered as derived currents? I have heretofore

demonstrated, what every one at present admits, and which is accordant with
theory, that the resistance of a terrestrial stratum is very nearly null and does

not vary with the length of that stratum. These considerations are not favor-

able to the idea that the cun-ents we have described are derived cuiTcnts. On
the plain of Saint Maurice, I have made some experiments to ascertain to what
distance from the. electrodes of the battery derived cuiTents were sensible. I

used for extremities of the derived circuit the same plates of zinc plunged in the

saturated solution of the sulphate of zinc which have been described above. The
circuit of the pile was six kilometres in length ; its extremities consisted of square

plates of copper, 20 centimetres to the side, immersed in water to the depth of two
metres. The battery was composed of 20 elements of Daniell; the galvano-

meter of the derived circuit was that of 1,500 coils, before mentioned. When
each of the electrodes of the derived circuit was at a distance of 10 metres from
the electrodes of the battery, in a straight line between these electrodes, I obtained

a steady derived cuiTent 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 metres, the distance between the electrodes of the battery

and those of the derived circuit, there were 4° of derived current; at 100 metres

this deviation was barely half a degree; and at a distance of 200 metres, it is

doubtful whether there was any movement at all in the galvanometer at the

closing of the circuit of the battery. It seems to me difficult to derive from these

experiments any satisfactory reply as to the nature of the electric currents observed
in long mixed lines.

General Sabine, the highest authority of the present day in point of terrestrial

magnetism, appears to admit absolutely the magnetic influence of the sun upon
the earth. But, if this influence be admitted, what explanation can be given of

the currents we obtained and the difierences of those currents according as the

line is in the meridian or perpendicular to it, or the periods of intensity in the,

former of these lines ? Assuredly these currents cannot be cun-ents of induction

due to the rotation of the earth. It is stated that Father Secchi, the indefati-

gable astronomer of Rome, is occupied at this time in investigating the connec-

tion which exists between the electric currents of long mixed lines and the vari-

ations observed in the instruments which measure the magnetic force of the earth.

If a connection of this kind were well established, we should certainly have taken

a step towards the interpretation of the electric phenomena of the earth.

It remains to report a result which has some importance, and which I have
constantly realized: These ten-estrial currents have a greater intensity, in the
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case of a mixed line, when, the distance between the extremities remaining- tlie

same, the tenninal cavities which constitute the conmiunication between the wires

and the earth are at different levels, than when these communications are estab-

lished in a horizontal plane. For the verification of this, 1 have established on

the heights of Turin a line whose wire, in a straight direction, has a length of

scarcely 600 metres, while the terminal cavities have a difference of level of

nearly 150 metres. The line which joins the two cavities is in an intcnnediate

direction, or southeast and northwest. The current has circulated constantly,

for five or six months, from below upwards in the wire, or from the northwest to

the southwest extremity. All the precautions which I have before described

were observed in the construction of the cavities in which the plates of zinc are

sunk, and I am certain that the current obtained depends neither on any hetero-

geneousness in the wire, nor on the terminal plates, nor on a chemical action

between the plates and the 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 tlie liquids of the terminal cavities, that is to say, the water and

the solution of sulphate in the porous vessels, the deviation remains nearly invari-

able, whatever may l)e the state of the sky and temperature of the air, and only

after quite a long rain has the deviation temporarily increased. In this line 1

have not remarked the periods of which I have spoken. Other lines of nearly

the same length, established in similar fomiations at the foot of the hill on a

horizontal plane, yielded no sensible deviation.

If the influence of the difference of level of the extremities of the metallic line

should be verified in a great number of different cases, if the direction of the

cmTcnt in the wire should prove constant, that is to say, always from below

upwards, might we not be tempted to attribute these currents to the negative

electric state of the earth, the tension of which is then unequal between the plain

and the elevated points, as w^e find in an electrified globe communicating with a

metallic point? As the signs of the positive electricity of the air are seen in

effect to augment in proportion as we ascend in the atmosphere, so also are the

signs of negative electricity found to be stronger in ascending, when an isolated

copper wire, one extremity of which communicates with the earth, is carried Avith

the other extremity in contact with the ball of the electroscope. This explana-

tion might be submitted to proof when the atmosphere presents for a certain

lime signs of negative electricity. I have sometimes obtained very transient

signs of this electricity at the approach of storms of rain, without noticing any
variation in the current of the line.

My chief object has been to investigate the relation which exists between

these currents and atmospheric electricity, and next, to verify the result obtained

and described in the first part of this memoir, by studying these currents in

lines, the extremities of which are sunk in the earth at different levels. The
first experiments were made upon the line above described, between the hill of

Turin and the adjacent plain. The extremities, as has been already said, were ter-

minated by plates of amalgamated zinc immersed in a saturated solution of sulphate

of zinc contained in a porous vessel, which was plunged in turn in the water of a

sort of capsule excavated from one to two metres below the surface of the earth.

This mode of constructing the mixed* line is the 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. The water which filled the two cavities was
the same, and care was taken to maintain it at a constant level. Dming several

days of July, in the present year, I have continued to observe from hour to hour

the deviations of the galvanometer inserted in this line; the current was always

an ascending one in the wire, though I changed several times the position and

* By this term we uuderstand a circuit composed of an extended wire and the strata of earth

intervening between its extremities.

—

J. H.
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tlie ground in which the tenninal cavities were dug, and the deviation was not

found to vary in a lapse of many days, provided there was neither tempest nor

rain. After rain, the deviation was constantly seen to increase. I have satis-

fied myself, by measuring a constant current transmitted in this mixed circuit,

that the augmentation which followed rain was only the effect of the better con-

ductibility of the earth depending on a state of greater humidity in the teiTcstrial

stratum immediately in contact with the extremities of the line. And, in fact,

it could be obtained V>y pouring around the cavity in which the electrodes were
plunged, within a radius of two to three metres, a few buckets of water.

I have tried the injmersion of the electrodes in the water of a well, which was
effected by a very simple contrivance. For this purpose, I take a thick square

piece of cork and fix, in a hole made in this cork, porous vessels filled with sul-

phate of zinc. The cork suspended by a cord floats on the water of the well

into which the porous vessels descend ; by means of a copper wire covered with

gutta-percha and bound to the cord, the electrode of zinc was introduced into the

porous vessel and comuuinicated with the line. I was thus able to establish the

mixed line, employing the well water as extremities of the teiTestrial stratum, in

which the electrodes were sunk. With this aiTangement, also, I have realized an

ascending cuiTcnt in the wire, and the deviation was only a few degrees greater than

that of the cmTent obtained by using the artificial cavities or pits which I have de-

scribed above. By using the wells we have this advantage : that the conditions

of conductibility of the teiTestrial strata into which the electrodes ai'e introduced

remain invariaV)le. It is necessary to ascertain in advance that the waters of the

two wells, when those which we employ are in two cavities formed in the earth

at a short distance from one another, do not yield an electric cun-ent. I have
varied as far as possible the excavations situated at different levels, but in all

cases have found the current in the metallic line to be an ascending one. I was
even enabled to divide the line at the hill of Turin, a length of nearly 600 metres,

about midway where there existed a well, and this remarkable and constant

result was realized : that, notwithstanding the greater resistance of the entire

line, the cuiTcnt, which continued to be ascendant in the two halves, had still a

less intensity in the two lines taken separately than in the entire line.

I have had an opportunity of observing in these lines the eftects of two or

three storms during the month of July. I will first remark, that I have satisfied

myself that in leaving one of the extremities of the line in conmiunication with

the electrode and the earth, and the other in the air, I had never any trace of a

current, even when using a galvanometer of 24,000 coils. I have often made
the experiment of putting an isolated metallic vessel, at the end of a wooden
staff from seven to eight metres high, in communication with the extremity of

the line which was in the air; placing in the vessel sometimes lighted coals,

sometimes touch-wood, sometimes shavings saturated with burning alcohol, in

order to obtain a large flame and a current of heated air. In all these experi-

ments, whichever might be the extremity of the line immersed in the water or

raised in the air, I have never obtained a sign of the current in the most delicate

galvanometer, provided care were obsei"ved to isolate the line effectually and no

account were taken of the indications of the galvanometer at the moment when
it was necessary to touch the line with the hands.

Neither, during storms, have I observed, with the line, which was only 600
metres in length, any deviation in the needle at the moment when lightning

flashed between clouds, provided the two extremities of the line are not in com-

munication with the 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 place at each flash, such as would be occasioned by the dis-

charge of the torpedo fish. I observed at the same time the galvanometer and

an electroscope of dry batteries (a piles sechesj communicating with an iron wire

from seven to eight metres long, well isolated and raised in the aii', 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 the flash. At the same instant the needle of the gal-

vanometer made a deviation of at least 15° to 20°. This sudden deviation was
always in the same direction, indicating an ascending cun-ent in the wire, and
was additional to the terrestrial current. It should be remarked that I have
had the opportunity of making this observation in a case in which, on account
of plates of copper being employed as electrodes, the current of the line was con-
trary to the terrestrial current which is constantly obtained with electrodes of
zinc.

Thus, then, the ascending current in the wire whose extremities are sunk in

cavities wdiich have a difference of level of about 150 metres, and which, from
the manner of operating, must be regarded as a terrestrial current independent
of the chemical actions of the electrodes and the strata of the earth—this current,

I say, augments suddenly at the moment when there is an electric discharge
between clouds. There remains here an important observation to be made, in

which, as yet, I have not been able to succeed : to notice, namely, what would
happen when the atmospheric electricity is negative.

I have deemed it of some importance for the theory of these phenomena to

substiti;te for the iron wire suspended on bells of porcelain, a copper wire covered
with gutta-percha laid upon the earth and buried as much as possible in the grass
and under the leaves. None of the phenomena before described in the suspended
line, whether with a clear sky or during storms, have been modified by this

change of the metallic line. We can conceive that during the flash of lightning,

at the moment when an electrified cloud, which had acted by influence on the
points of the ground placed within its sphere of action, discharges itself and sud-
denly ceases to act, a sudden neutralization may take place in the conducting
wii'e, producing the electrical efl'ect noticed with the galvanometer.

It remains for me to report the results I have obtained by operating on tele-

graphic lines of great length and whose extremities were at a great difference of
level. I employed the same galvanometer and the same process of communica-
tion for the extremities of the line with the earth, that is to say, plates of amal-
gamated zinc, immersed in sulphate of zinc, contained in porous vessels floating

on the water in the manner I have described. I have made three series of experi-

ments, one on the telegraphic line from Ivree to Saint Vincent, in the valley of
Aosta, 36 kilometres in length, and iai which the difference of level of the extrem-
ities was 281 metres. The second series was made on the line from Saint Vin-
cent to Aosta, 25 kilometres long, the difference of level of the cxti-emitics being
83 metres. The third line, 27 kilometres in length, passed from Aosta to Com-
majeur, at the extremity of the valley, and the diflerence of level of the two
extremities was 642 metres. The electrodes of zinc were sunk in cavities dug in

the ground to the depth of about half a metre. These cavities I caused to be
filled with the whitish water proceeding from the glaciers, which flows in great
abundance in the valley ; being that which, under the circumstances, might be
considered as having in every respect the same composition. I should state that

the line from I\a-ee to Saint Vincent is nearly parallel to the meridian, while the
other, from Saint Vincent to Courmajeur, intersects the former almost perpen-
dicularly.

The following were the results obtained. The electric currents in these three
lines, notwithstanding the much greater resistance in comparison with the line of
600 metres on which I had previously operated, were stronger ; as were also the
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. The experiments were
made at very different hours, but the regular deviation indicated in every case
an ascending current in the wire, as in the experiments on the line of the hill

just mentioned. In the greater number of cases, the deviation of the needle
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remained at the 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 the sky, a movement in the needle almost periodic. Twice I
have seen the 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 deviation, becoming eventually fixed under the action of

the current ascending in the wire. It has seemed to me that this phenomenon
was presented when the water which filled the cavities of the electrodes was in

movement and fiowed rapidly away around the porous vessels. Reflection on
the conditions under which we are compelled to operate in this sort of experi-

ments, will sufiice to evince the diificulty of solving all the doubts which may
present themselves in the prosecution of our inquiries.

Notwithstanding the 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 as founded on a large number of facts conformable with one
another and obtained under dificrent circumstances

:

When a metallic line is stretched upon the earth, but 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, the cause

of which current can be attributed neither to the chemical action of the electrodes,

nor to that of the terrestrial strata in which they are sunk.

This current is constantly directed in the wu'e from the lowest towai'ds the

highest point, and its intensity is greater in the longer lines and as the difierence

of level of the extremities is more considerable.

The intensity of this current does not vary sensibly with the depth of the

cavities in which the electrodes are sunk, and is the 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 this phe-

nomenon, circumstances which, by their analogies, may assist in explaining it

;

I mean the difference of temperature of the two extreme points and the difference

of electric tension of these points. I shall only remark here that I could cite

results in which the influence of difference of temperature could not be consid-

ered as cause of this phenomenon, which to me appears to be due to ten'estrial

electricity.
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Translated for the Smithsonian Institution from the Leipsic periodical "ylus der Natur,"
Sfc., 1^65.

There is notWng' about which more speculation is indulged than electricity.

The word is in every month
; yet is there nothing perhaps so little known.

What, then, is electricity ? At this question even the most learned remain
silent; but these are at least so honest as not to dissemble their ignorance. The
nnlearned would probal)ly answer : electricity is lightning ; and, though nothing
is thereby gained, by this explanation the generality arc 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 has been principally occupied in collecting a mass of isolated

i'acts, 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 with one another by means of a general theory. Scarcely has the
way thereto been pointed out, though these Jtacts have been grouped together

under a number of subordinate laws, as, for instance, the phenomena of electri-

cal distribution of statical induction, and the operation of electrical currents upon
the magnet and their effect on one another. These are indications by which we
nmst be guided in further advances ; laws which a future more comprehensive
theory must connect and explain. Let it, in the mean time, be known that all

which has been with great pains wrested from nature still leaves us in the uncer-

tainty 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 with balance in hand, should seek to conciliate with one
another, through their relations, the different and often deceptive phenomena
which determine those relations. Nor is this all ; on the contrary, here begins
the real labor. A law must be found for these empirical facts ; this may be some-
times simple, sometimes complex, but must always be a mathematical one and
capable of being expressed through formulas. This general law being once
found, it remains to deduce all possible consequences from it, and again to verify

these consequences by experiment.

True science is a connection of fundamental facts, with laws which are derived
from those facts, and deductions which have been subjected to verification. So
long as one of these three stages is wanting the science ie aot complete. Optics
and astronomy have arrived at that point; but how is it with electricity? We
still stand in 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 the single science which compre-
hends in itself all the rest. Let it not be proclaimed in the streets that our cen-
tury, which has called forth the electric telegraph, may sleep in peace, and has
nothing more left for it to do. Were it not, on the contrary, more judicious to

say that we have as yet scarcely accomplished anything! Better were it cer-

tainly for electricity if we 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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tlie future lias more in store for ns than we have, by hazard, so to say, hitherto

found. The riddle is propounded; let ms earnestly seek its solution. This,

according to the fine expression of Pliny, is still hidden in the mysterious majesty

of nature.

That the most mistalien views npon the subject of electricity are widely cur-

rent is scarcely a matter of doubt. The "natural-born" inventors are expressly

governed bj' the idea of constructing an electric l>attery which shall cost nothing.

This is with them a fixed idea, which can be shaken by no scientific discussion.

Yet what that is new and noteworthy has 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 the models furnished by Grove,

Bunsen, I3ecquerel, and Daniell. In every electrical battery we have to keep
in view the intensity of the development of electricity and its constancy. Ac-
cording to circumstances, one of these must be sacrificed to the other. If the

inventor aims to construct a battery which shall occasion the least possible

expense, he must of necessity occupy himself chiefly with the constancy ; since,

for a single element, the intensity of the current depends exclusively on the

electro-motive force of the electro-positive substance which is employed. In
this respect zinc, among all ordinary metals, occupies the first place. With the

alloys nothing has been attempted on account of the secondary phenomena which

here present themselves. It cannot, therefore, but be useful to give a compara-

tive statement of the electro-motive force of different metals in relation to zinc,

which always holds the first place, and is therefore marked as 100; especially

as so-called practical men seem to have little knowledge on the subject. This
comparison shows the energy of the principal solutions to which we can have
recourse in practice, upon the metals which industry has placed at our service.
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single pair, may determine in advance tbe electro-motive force of tlieir combina-
tion tlirongli the difference of the electro-motive forces of the metals which they

immerse in the selected liquid.

The first part of the problem is therefore fixed ; inventors must, consequently, not

step be^'ond this narrow circle. The choice of the metal and the liquid depend
on the chemical operation upon one another, for thence results the electro-motive

force. Upon the question of practical economy it would be useless here to insist,

as the attention of the industrial inventor will of itself be sufficiently directed

to this point.

The sources of a competent electro-motive force having been discovered, and
the degree of intensity determined, next arises the question of })ersistency. The
essential fact is here too easily forgotten, that the total intensity of a compound
pair is equal to the sum of the intensity of the chemical reaction of the liquid

on the electro-negative element, and of that of this liquid on the depolarizing

substance, while the total intensity of a single pair is equal to the difierence

between the intensity of the chemical activity and that which inversely proceeds

from the intensity determined through the polarizing current. So soon as the

inventor leaves out of consideration essential elements, chance alone can lead

Mm to a satisfactory solution. Whatever liqaid and metal be employed, there

always takes place a change of the latter, and a development of hydrogen gas
which collects about the positive electrode, whether this be metal or charcoal.

The inventor must therefore contrive that this gas shall be absorbed as com-
pletely and at as cheap a rate as possible. Acids, oxygen, salts, and combina-
tions of chlorine have hitherto been alone used.

The question as to what active metal should be employed in electrical batteries,

is already well nigh exhausted. Only inventors entirely ignorant of the grounds
of its preference seek to replace zinc by some cheaper metal in order to obtain

an equivalent amount of electro-motive force. Some have had recourse to the

alloys, but they have not paid sufficient attention to the secondary currents,

which nevertheless play so considerable a part in the action of an electrical bat-

tery. On this account even iron and lead, which their comparative cheapness
seems so strongly to recommend, can be no substitute for zinc ; for by reason of

the variable contents of foreign admixtures it would be impossible to count upon
uniform electrical intensities. If it be true that the electrical function of quick-

silver in the amalgam of zinc is not known, 3'et its influence cannot be denied

;

but it must not be supposed that this resource is applicable to iron, tin, or lead,

for these metals are still less adapted to amalgamation. The value of their

electro-motive force, when brought into contact with diluted sulphuric acid, refers

itself to tests which are as chemically pure as possible.

The chemists are at present engaged in researches for the discovery of new
metals, but they have as yet found only metals of alkalies or alkaline earths, of
which it would seem almost impossible that large masses should be furnished.

So soon as these metals shall have jjassed into the service of practical industry,

as is already the case with sodium, aluminum, and magnesium, there is reason
to hope that an electro-positive element for the electric battery will be discov-

ered, w'hich shall 1)0 as potent as zinc. The so-called spectroscopic metals will

in this respect probably be not far removed from potassium and sodium.
The choice of the liquid does not absolutely depend on that of the metal which

forms the electro-positive element ; we must here keep in view also the duration

of the action of the battery and the chemical nature of the depolarizing sub-

stance. If only the energy be regarded and the duration of action be limited,

the intensity of chemical activity is of greatest interest ; for amalgamated zinc,

diluted sulphuric acid, is then preferably as the active liquid. It is not unimportant
here to remark that the electro-motive force is not increased with the degree of

strength of the acid. Electro-motive force and resistance are words only too

often used without being sufficiently comprehended. Inventors who aim at con-
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structing a battery of extraordinary intensity often take no consideration thereof,

and 3'et every elementary work on pliysics tells tliem that ''the intensity of an
electrical pair is directly proportional to its electro-motive force, and inversely to

the total resistance."

Muriatic acid, chlorine dissolved in water, or a chloride, would be active agents

almost as energetic as sidphuric acid, but less" practical, with the exception of

common salt. Soda dissolved in water would act energetically upon zinc, but
the equivalent of electricity thereby generated would be very expensive. A
pair whose active element should l)e aluminum and a solution of soda would
possess very great energy, but would be truly an article of luxury.

The controversy is greater when the choice of the depolarizing material and the

aiTangement of the pair is in question. A methodical study should not allow

itself to be misled, however great may be the combination ; the observer must
pay attention to the two essential elements, which most inventors neglect. "We
know the opposite influence of both the substances which surround the electrodes

;

we know, also, that the total electro-motive force is the sum of those which are

developed in the interior of the i)air between the ditierent elements of which it

consists ; the analysis must therefore be extended to these partial actions. Ac-
count must then be taken of the conductibility which is proper to the elements

themselves, and of the influence which their arrangement exerts on the resistance

of the pair. The electro-motive force is of course in each pair independent of

the disposition, the dimensions, and the nature of the diaphragms.

The three other points to be considered in the arrangement of an electrical

battery, the choice of the positive electrode, the dividing walls, and the general

disposition of the pair, are exclusively dependent on the resistance which they

oppose to the conductibility. The positive electrode must be as perfect a con-

ductor as possible, and on this account the purest possible metal must be employed

;

to supply such, however, is very costl3\ The use of platina has been renounced,

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 be the only proper

conductor. But this substance, as furnished in trade, is found upon tiial to have
very different qualities. Some specimens resist fi-acture and conduct well, while

others are very porous and frangible, so that sometimes the elements of one and
the same battery differ greatly in the intensity.

This inconvenience, which is founded on the inconstant nature of the positive

conductor, is diminished with elements of weaker intensity, where the deijolariz-

ing substance is a metallic salt, whether in solution or solid. Hero we may
plainly adopt the same metal which forms the base of the salt. The conducting

surface is then, through the action of the pair itself, always maintained in a state

of absolute purity. The constancy of the intensity of a pair results irom the

maintenance of a continual identity in the surfaces of both conductors. Much,
moreover, is gained in this way as regards expense, for it is the only means of

completely recovering the costly substance which is employed in the depolariza-

tion. Another inducement for adopting for the positive electrode the same metal

which is contained in the salt surrounding it results from a consideration already

presented. Since the total electro-motive force of the pair is the sum of those

forces which are developed in the different parts, it must be an object of interest

to limit that force which proceeds from the contact of the positive electrode, when
opposed to the principal intensity in consequence of the attack of the electro-

positive metal, and on the other hand to develop that which is similarly directed

with this intensity. The latter will generally be the case, if the neutral salt

and the metal are sufficiently pm-e.

The choice of the depolarizing substance must be decided by the following

considerations : by its affinity for hydrogen, in 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 the chemical condition of the products
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wliicla onginate under other cireunistances. Thus, for example, from nitric acid

proceed many products of decomposition which are set free in the acid and weaken
its capacity for the absorption of hydrogen. The action ceases perhaps only in

consequence of the excessive resistance which the depolarizing liquid so quickly

assumes. This cessation supervenes more speedily with the combinations of

oxygen heretofore tried; besides that they are very costly and yield residuums
which are of no value. Batteries of this order are generally very intense for a
certain number of hours, but their intensity then diminishes very rapidly, for the

twofold reason already mentioned. The metallic salts, which exert scarcely any
influence on the acting liquid, better })reserve their intensity. Since they are read-

ily reduced, it is only their conductibility which comes into consideration. As the

immersed electrode is of the same nature, it will for some time be improved at

the expense of the salt, and in consequence of this reaction will also maintain

the physical unifonnity in its vicinity.

Any advice respecting the diaphrams must necessarily be very precarious

;

they are detrimental through the resistance which they occasion and on account

of the want of identity in their constitution.

The inventor of an electrical battery has still to pay attention to the con-

ductibility. It must be here remembered that the chemical decompositions pro-

ceed in fixed proportions, and since, as soon as the current circulates, each pair

in a battery acts as a decomposing apparatus, and each performs the same labor,

it suffices to deteiTiiine the performance of but one pair in order to be al)le to

compute that of the whole battery. Tfie weight of the copper precipitated in a
voltameter is directly proportional to the electro-motive force of the pair, and is

in inverse proportion to the resistance. As, according to the electro-chemical

law, for one equivalent of the precipitated copper, one equivalent of zinc and a
coiTesponding quantity of the acid are consumed, we have the means of ascer-

taining the cost at which the pair operates. In reality, however, this is greater

than the theoretical estimate.



ELECTRICITY.
From General G. W. Dodge, U. S. A., Fort Leavenworth, March 16, 1866.

My corps (the IGtli) reached Reswell Sunday noon, Jnly 10, 1865, and we
immediately crossed the river, and worked until Wednesday night putting in a

double-track trestle bridge. The weather was excessively hot, the hottest, I

think, we experienced during the campaign. On the south side of the river my
6orps was formed very compact in a tete du pont, covering the bridge, for I had
all my artillery in position, and most of the infantry had their arms stacked, as

there were heavy details for work on the bridge. It was finished about 5 p. m.
Wednesday, and the 15th corps, which amved there that day, commenced cross-

ing about 6 p. m. A gale of wind arose, blowing terrifically for 15 minutes,

when the thunder-shower came on, the rain pouring down in toiTcnts, and the

thunder and lightning close together, and hardly any distinction from one peal

to another. It was so strong that at times the 15th corps had to halt. This

corps was crossing the bridge during the storm, and passed directl}' through my
lines, and went to the left, there not being room in rear of my entrenchments

for it to Invouac, and it was halted right on the road and on the bridge, thus

being in the midst of my corps at the heaviest part of the shower. The light-

ning first struck on the hill, on the south side of the river, in a battery in position
;

then in a regiment of infantry a short distance to the right; then on the north

side of the bridge, in the valley, and right at the head of the bridge, where my
pioneer corps Vv'as camped, killing one man and several mules. During this

time it struck one or two other points, doing no damage, however. Horses and
men in the 15th corps, on the bridge, were knocked down, but not materially

injured ; and a great many in the 15th and 16th corps felt the shock. It was
the most destructive in the battery. In my corps 33 or 34 were killed or

wounded, and quite a number—1 believe 18, but I may be mistaken—were

killed outright. The wounded were burned, paralyzed, and shocked—some
severely, some slightly, but all had to be put in hospital. On the bodies

of the killed could be traced the tracks of the lightning ; so I was told, but I did

not examine them. They were not much, if any, mutilated ; and I remember it was
spoken of that one or two of the killed had not even a trace on them. Several

stacks of muskets were struck, bent up, butts split, &c. It was one of the

most terrific storms I ever experienced, and the lightning appeared to strike

close around us at every flash for nearly half an hour. It struck close to my
tents, so close that all in them felt the shock sensibly. They were pitched on
the bluifs north of the river, one-half mile from the line, where most of the

damage was done. No persons were injured except in my corps. It was Lieu-

tenant Maury's light battery F, 2d United States artillery, that suffered most.

I forget the regiments of infantry, but it included two or three.

I think the storm came from the northwest, but I will not be certain about

this. I know that, although it was only six o'clock or thereabouts, it was so

dark that we could not see. The heavens were very black, and all light of day
seemed to be shut out. The ground, trees, and some stone buildings W'e had
erected were struck. The storm did not extend very far to the north of us, nor

to the south. Its track seemed to be from the northwest to the southeast. I

ordered the medical officer to make a full report, stating the circumstances, the

nature of the wounds on both killed and wounded, which was done, and properly
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forwarded. From that data, if it can be found, more definite and accuratd

information can be obtained.

Note from General 0. M. Poe, U. S. A., in relation to the above:

" At the time of the remarkable electrical discharge, of which General Dodge
sent you some account, he was in command of that portion of the 16th army
corps, which accompanied General Sherman in his Atlanta campaign. His com-
mand was at Reswell, Georgia, where tliey built the bridge referred to, and a
portion of the force had crossed to the southern bank of the Chattahoochie river,

and it was among this latter force that the casualties occuiTcd.

^'Reswell is situated on the Chattahoochie river, about 18 miles northeast from
where the railroad from Chattanooga to Atlanta crosses the Chattahoochie river.

It is about 15 miles due east from Marietta, and is in a very broken, almost

mountainous region—the southern slope of the Apalachian chain."

From Professor John C. Cresson, Philadelphia, May 23, 1866.

During a brief thunder-shower on Sunday, May 13th, at 4i p. m., an electric

discharge occurred at Franklin square, in tliis city, under the following circum-

stances :

A small elm tree, about 40 feet high, standing about 190 feet south of a flag-

staff 150 feet high, was injured, and the bark torn from its southeast side for a
length of 20 feet. A splinter of sapwood two inches wide, one inch thick, and
about 20 feet long, was ripped out on the southeast side and scattered in minute
shreds.

This injury does not reach the base of the tree nor its topmost branches.
This tree is surrounded by several others, not more than 20 feet distant and
several feet higher, none of which arc injured. At the distance of 12 feet nearly
east of the injured tree is an iron lamp-post, with a gas-pipe protruding at its

top, nine feet from the groinid.

The thunder-cloud approached from the southwest, and the manner of the
occurrence seems to be thus: When the charged cloud came nearly over the
lamp-post and gas-pipe, the latter formed a prominent conductor, andW making
an open way for inductive action, determined the time and line of discharge.

The line was along the southeast side of the injured tree,. and near enough to

cause the injury by violent disturbance of electrical equilibrium along and around
its path. Thinking the facts may be deemed worthy of record, I venture to

send this statement,- and cannot forbear to accompany it with my notion of the
mode of action.

From Henry Haas, Depauville, Jefferson County, New York, April 20, 1867.

About sunset on the 20th of April, during the thunder-storm, an electric dis-

charge struck the dwelling of J. Edmunds, entering through the open front
door, knocking the wooden blocks from under the legs of a cooking-stove, with-
out upsetting the stove, then passing across the room into an adjoining apart-
ment and out at the window, breaking a number of lights, doing no other injury
to the building. Three persons sat around the stove at the moment the electric

fluid entered the house ; they were more or less stunned, but all escaped unhurt.

From H. J, Kron, Albemarle, North Carolina, April 24. 1867.

At Attaway Hill, Stanly county, North Carolina, there was a heavy thunder-
storm from the southeast during the night of the 24th of April, connnenciiig at
about 11 o'clock. There was a rapid succession of thunder and lightning, with
beating rain and hail of small size, but no damage done. At the distance of
about a mile the lightning struck the lowest of two pines some nine feet apart.
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The long spiral track from the summit down ended witliin a foot of tlio ground,
whicli latter was neither perforated nor ploughed up.

[Probably in this case the electricity was canied oif by a temporary flood of

water over the ground at the foot of the tree.—J. H.]

From Professor B. F. Mudge, Manhattan, Kansas, June 15, 1867.

At 7 a. m. the lightning struck the house of William Higinbothom, in Man-
hattan, Kansas, (two miles from the college,) and severed the lightning-rod at

ever}'^ coimection or joint, without damage to the house. The rod was ^-inch

iron. The connections were made by a brass nut screwed on to the ends of each

section. The brass nuts were in some cases melted. The point, to the length

of half an inch, which was of copper plated with silver, was also melted. When
the fluid reached the eaves of the house it parted, and one portion followed the

tin gutter-spout round the house, turning eight square corners (right angles.)

At each angle the 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 jQrac-

ture.—J. H.]

From the New Haven (Connecticut) Journal.

On the 20th of June, 1867, the lightning strack the house of Mrs. R. M.
Page, on the comer of Pleasant and Humphrey streets. The bolt, as it neared

the house, divided, one part striking the roof near the west chimney, and passed

through the roof, tearing up the tin roofing in such a way that it looks as if it

had been forced ofi' from the inside. The fluid passed into the attic, striking

the chimney near the roof, and gouging out a large hole in it, and then passed

out of the attic window, making two holes thi'ough one of the panes, as if two
small cannon-balls had been shot through it. After passing through the window
there were no further signs of its course. The attic room was thoroughly shat-

tered, and the ceiling splintered into a thousand fragments. The other branch

of the bolt struck the east chimney, knocking off a good portion of it. It passed

down through the roof to the attic floor, and passed out of the room at the

southeast corner, and ran down the water-pipe to the ground, shattering the

earthen tile drain that conducts the water to the cistern. From here it passed

through the corner of the house, following a nail, coming out near a water-pail

with copper hoops, that stood near the sink. It completely demolished the pail,

and seemed to have spent its force in doing so. Under the attic room, on this

side of the house, was a closet, the lath and plaster of w'hich were torn ofl".

Some of the plastering was thrown across the chamber and struck the head-

board of the bed with such force as to stick fast. Under the pillow of the bed

was found a nail that was so hot when thrown there that it burned the sheets.

A W'Oman who had just closed the basement Avindow and crossed the room when
the stroke entered at the sink, was thrown prostrate, and was much stunned and

deafened for awhile ; and her husband, who was sitting in the room alone with

his child, was also considerably shocked. Persons who were in the street near

the house at the time were also stunned, and had to grasp hold of the fence to

keep from falling.

From Dr. Samuel D. Martin, near Chilesburg, Kentucky, October 27, 18G7.

I to-day saw for the first time a tree that had been struck with lightning,

prol)ably in July. It was a white ash, about two feet in diameter, and stood in

a woodland pasture, about half a mile east from my house. The appearance indi-

cated a remarkable power in the discharge. The tree was split up into pieces
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about as large as common fence-rails, Avliicli formed a circle around the stump ISO
feet in diameter. One of these rails is 30 feet long, anotlier 27, and most of

tlie otliers about 12 feet long. There were a great number of splinters, three

or four feet long, cast outside the circle.

[The remarkable energ}' exhil>ited in this case, as in others of a similar char-

acter, is probal)ly due to the sudden conversion of the sap into highly elastic

vapor.—J. H.]

From G. Wright, Sterling, Whiteside County, Illinois, December .5, 1867.

As I always watch the approach of storms with great interest, I was, in this

instance, well repaid for my trouble. The heav\' mass of clouds in the south-

west gradually raised, so that the lower edge was distinctly marked upon the

falling rain, as is usual in sudden storms. But I observed to those near me that

I never before saw the line so clearly defined and so regular ; but suddenly a
large mass began to protrude from the rounded outline and approach the earth

in the foiTD of a cone, with the apex towards the earth. As we live on the lino

of the great tornado, some of my family apprehended the cloud was taking the

fearful shape, but as it rapidly approached the earth a vivid flash darted from
the lower point, whicli was still rounded, and llie whole mass was quickly drawn
up into line again. This was repeated as the shower approached, until the cone
d^cended froni the same jiart of the cloud three times, and then, as it began to

rain where we were, the outline of the cloud was lost to view. I cannot describe

to you the sensation ^\•hich 1 felt as the great mass of dark clouds fell with
increasing velocity toward the earth, but it was much like that which one
experiences in rolling a large stone from the edge of a precipice. The display

was so grand that it will never be forgotten by those who saw it.

[An account of a precisely similar phenomenon is given in a letter to Dr.

Hare, from Z. Allen, of Providence, publishedjn the Transactions of the American

Philosophical Society. The facts are interestiug in relation to the connection,

of electricity with tornadoes, of which the descending cone was probably an.

incipient one.—J. H.]

From Charles C. Boerner, Vevay, Indiana, May 26, 1863.

Jlay 26, lip. m., to 27th, 1 a. m.—Thunder-storm of uncommon violence

from the southeast ;
wind from the same direction. It was preceded by a strong,

gale of 15 minutes' duration; lightning zigzag. The storm raged for 30 min-

utes, after which it somewhat abated, and apparently passed away, when sud-

denly, at 12 o'clock, a heavy discharge of electricity, accompanied by a terrific-

explosion, seemed to startle all nature. In the morning I ascertained that it

struck near the market-place; the object was a rack placed there for the hitching

of horses. The rack is about 40 feet long, and upon posts (locust) three feet

from the ground; on the top rail are 25 iron rings, fastened with sta})lep, and tlie

rails themselves fastened to llie posts with heavy iron clamps. This top rail

was entirel}' thrown off, antl the posts shattered into splinters; some of them,

were scattered in different directions more than 75 feet. The most remarkable-

fact is that the place is surroinnled by high buildings, all of whicli escaped
destruction. Korthwest, 75 feet from tlie place struck, stands a brick building,.

covered with metallic roof, 75 I'eet high ; southward the open market-place

;

southeast the market-house, 40 feet high ; and northeast, at a distance of 125-

feet, a row of two-story brick buildings. None of these are su})plied with
lightning conductors.

[Electricity, in its discharge from the clouds to the earth, frequently appears-

very capricious; but in all cases the discharge is, as it were, predetermined by the-

21 s
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lino of greatest attraction and least resistance, conditions wliicli cannot, in all

cases, be ascertained, even with a minute examination of all the objects, since

active attracting materials frequently exist beneath the surface of the earth.

—

J. IL]

From W. S. Gilman.

One of the most beautiful electrical phenomena imaginable was witnessed on

the evening of the 9th January, 1868, in the office of the Atlantic and Pacific

tek'graph line, Rochester, New York. Wire No. 1 of tliis line was down between

this city and Syracuse. Suddenly it was discovered that neither wire would
work. A continuous cuiTcut of electricity was then ol>seiwed to be passing over

the wires and through the several instruments, and this while the batteries were

detached. The current seemed to be of the volume of a medium-sized pipe-stem,

and exhibited the several colors of the rainbow. With the key open the current

flowed in waves or undulations, and from the surcharged wire it leaped over the

insulated portions of the key and passed along the wires bejamd. The same
phenomenon was ol)Scrved at Buffalo and at Cleveland. The gas in the office

was lighted without difficulty l)y holding the end of a wire within an inch or two
of the gas-burner. The current was intense enough to shock one holding the

wires or instruments; indeed, one of the employes of the office had his fingers

scorched by the current. With closed keys the current was continuous, as before

stated.

This phenomenon has never been witnessed except when cold weather prevails

extensively. The broken wire spoken of, which rested on the ground, was the

point of communication with the earth.

Here we may notice one thing not generally known. A portion of a speech

of Hon. AVilliam H. Seward in llochester, a few 3'ears since, was telegraphed to

New York and from Boston to Porthxnd by the electrical influences of the aurora

borealis, all the l)atteries on the liup being detached. Tliis ieai, it is said, has

never been repeated.

The following additional information was furnished in answer to inquires by
the Institution

:

Tlie questions you put with reference to the llochester electrical phenomena
;are thus answered

:

1. Wiicther any appearance of the aui'ora was visible at the time? I learn

of mone ; sky clouded at llochester, Toronto, and Montreal, and storming.

2. Whether the discharges were continuous or fitful? From B. F. Blackall,

manager of the Atlantic and Pacific Telegraph Company, Rochester, I learn as

follows : At 4.30 p. m. trouble commenced while he was " transmitting a telegram

to New York over the No. 1 wire, which was afterwards located between Fulton

and Syracuse, one wire being broken, and the western end hanging across No. 2,

rested on the ground. At the same instant I noticed my relay surcharged with an
unusual. amount of magnetism. Upon opening my key, which avc usually give

the sixteenth of an inch play, discharges of electricity, averaging as higli as 300
pulsations a minute from one platina point to the other, and the nearer I placed

these points the more rapid they occurred. * * * * The fluid was passing

from west to east through the key. In addition there was a current al>out the

size of a pin flowing from the core of the helices to the soft piece of iron on the

armature, which sounded very much like electricity produced by friction on a

glass cylinder when passing to a Leyden jar." The phenomenon continued until

about 7
J),

m. The writer inftirms me that he has witnessed a half dozen similar

but weaker displays during the past 14 j'ears, and always between 4 p. m. and
7 p. m.

From C. W. Dean, manager of the same line, Cleveland, Ohio, I learn as

follows: An extraneous current made it impossible to work the wire on January

9th last. It was first noticed at 9 a. m.^ when the current grew so strong that
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"the No. 1 wire was opened to Painesville, 30 miles east. This did not help it

in the least. I judged that our wires were crossed with those of Western Union
lines, and that we were getting the full strength of their 100 cups of battery.

One thing very strange was that the current pulsated, and the armature of the

magnet disconnected from the battery and the wire open east vibrated like a
pendulum."
From J. A. Osborne, Buffiilo, New York, connected with the same line, I

learn that the wires of their office were so heavily charged that he thought cer-

tainly they were crossed with the Western Union wires. The wires could not

be touched. 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 flashed across the wires. At one time a continuous stream of fire passed
'oflT, which lasted from four to five seconds. Had the current been more steady
the wires could have been worked without the aid of the batteries. At Lockport
the electricity set fire to a board to which the wires were attached. The mag-
nets became so surcharged with electricity that when the wires were disconnected
the annature remained drawn up to the coils for full three-quarters of an hour.

3. Whether some time elapsed between each discharge, as if the conductor was
gradually charged ? This question is answered in the above extracts from letters

received by me from the diflerent operators.

[On the night in question an aurora is noticed in the Smithsonian records at

Independence, Iowa, and a heavy snow in Slichigan. A wave of low tempera-

ture was passing from the west to the east from the 7th to the 10th of January,

reaching its minimum in the State of New York on the night of the 9th and

morning of the 10th. The phenomenon may perhaps have been due to the fall-

ing of the snow on a western portion of the line. The ascending vapor from

which this snow was produced would become negafively electrified by induction

from the plus electricity of the space above. In the subsequent freezing of this

vapor into snow, it would retain its electrical condition, and falling on the wire

would give the latter a charge of negative electricity which would be propagated

by conduction both east and west.—J. H.l



QUERIES ABOUT EXPRESSION FOR ANTHROPOLOGICAL INQUIRY.

By Charles Darwin, of Down, Buomley, Kent, England.

1. Is astonishment expressed by tlie eyes and moutli "being opened wide, and

by the eyebrows being raised ?

2. Does shame excite a bhish when the color of the skin allows it to be visible?

3. When a man is indignant or defiant does he frown, hold his body and head

erect, sqnare his shoulders, and clench his fists ?

4. When considering deeply on any subject, or trying to understand any puz-

zle, does he frown or wrinkle the skin beneath the lower eyelids ?

5. When in low spirits, are the corners of the mouth depressed, and the inner

comer or angle of the eyebrows raised by that muscle which the French call

the "grief muscle?"

6. When in good spirits do the eyes sparkle, with the skin around and under

them a little wrinkled, and with the comers of the mouth a little drawn back °?

7. When a man sneers or snarls at another, is the corner of the upper lip over

the canine teeth raised ou the side facing the man whom he addresses ?

8. Can a dogged or obstinate expression be recognized, which is chiefly shown
by the mouth being firmly closed, a lowering T)row, and a slight frown ?

9. Is contempt expressed by a slight protrusion of the lips and turning up of

the nose, with a slight expiration ?

10. Is disgust shown by the lower lip being turned down, the upper lip slightly

raised, with a sudden expiration something like incipient vomiting f

11. Is extreme fear expressed in the same general manner as with Europeans?

12. Is laughter ever earned to such an extreme as to bring tears into the eyes?

13. When a man wishes to show that he cannot prevent something being

done, or cannot himself do something, does he shrag his shoulders, turn inwards

his elbows, extend outwards his hands, and open the palms ?

14. Do the children, when sulky, pout, or greatly protmde the lips?

15. Can guilty, or sly, or jealous expressions be recognized? though I know
not how these can be defined.

16. As a sign to keep silent, is a gentle hiss uttered ?

17. Is the head nodded vertically in affirmation and shaken laterally in nega-

tion?

Observations on natives who have had little communication with Europeans

would be, of course, the most valuable, though those made on any natives would

l:>e of much interest.

General remarks on expression are of comparatively little value. A definite

description of the countenance under any emotion or frame of mind would pos-

sess much more value.

An answer to any single one of the foregoing questions would be gratefully

accepted.

Memory is so deceutive on subjects like these that Ihope it may not be trusted to.



ON THE VAEIOUS MODES OF FLIGHT IN RELATION TO AERONAUTICS.

By Dr. James Bell Pettigrew.

[FROM THE PROCEEDINGS OF THK ROYAL INSTITUTION OF GREAT BRITAIN.]

The subject of fliglit, natural and artificial, is one wLicli lias occupied the

attention of mankind from a very early period.

It involves a more or less intimate acquaintance with anatomy, physiology,

mechanics, and the higher branches of mathematics.

If regarded as a natural movement, it forms one of the three kinds of loco-

motion by which animals progress—the remaining two being walking and swim-
ming ; if regarded as ani artificial one, it represents the unsolved problem of that

grand trio which has for its integral parts the locomotive, steamboat, and Hying
machine. Had time permitted, it was my intention to have gone into the subject

of locomotion at length. I find, however, I must curtail my remarks imder this

head, which I do with reluctance, from a. feeling that the chain of animal move-
ments, like the great chain of existence, winds in and out and doubles upon itself

so completely as to render a partial examination of it in many respects unsatis-

factory.

The movements of animals are adapted either to the earth, the water, or the

air. There are others, however, of a mixed character, where they are suited

equally to the land and water, or even to the land, water, and air.

The instruments by which locomotion is attained are therefore specially

modified.

This is necessary because of the difierent densities and the diflferent degrees

of resistance furnished by the land, water, and air respectively.

As the earth afibrds a greater amount of support than the water, and the water
than the air, it requires a greater degree of muscular fexertion to swim than to

walk, and a still greater one to fly.

For this reason flight is the most laborious, and in some respects the most
complicated and diflicult, of all the animal movements.
The })eculiarities of the different media, as far as locomotion is concerned, may

be l)riefly stated.

On the land wo have the maximum of resistance and the minimum of dis-

placement.

In the air, the minimum of resistance and the maximum of displacement.

The water is intermediate in these respects.

As a consequence, the feet of land animals are small—their bodies large.

The horse and deer furnish examples.
In those land animals which take to the water occasionally, or the reverse,

the feet are enlarged and usually provided with a membranous expansion
between the toes. Of such, the otter, ornithorhynchus, seal, irog, turtle and
crocodile may be cited.

In addition to the land animals which run and swim, there are some which
precipitate themselves, parachute fashion, from immense heights, and othera

which even fly. In these the membranous expansions are greatly increased

—
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tlie ribs affording the necessary degree of support in tlie dragon or flying lizard,

the anterior and posterior extremities in the flying lemur, flying cat, and bat.

Although no lizard is at present known to fly, there can be little doubt that

the extinct pterodactyles, which are intermediale between the lizards and croco-

diles, were possessed of this power.

The bat is interesting as being the only mammal at present enjoying the priv-

ilege of flight ; it is likewise instructive, as showing that flight may bo attained

without the aid of hollow bones and air-sacs, by purely muscular efibrts and by
the mere contraction and dilatation of a continuous membrane.

If we now direct our attention to the water wo find that the amount of sur-

face engaged in locomotion greatly exceeds that in the amphibia. The fish fur-

nishes the best example.

In it the lower half of the body and the broadlj'-expanded tail are applied to

the water very much as an oar is in sculling. The sea-mammals, as the whale,

dugong, manatee, and porpoise, swim in precisely the same manner as the fish,

with this difference, that the tail strikes from above downwards, or vertically

instead of horizontally, or from side to side. The seal is exceptional in this

respect.

The animals which furnish the connecting link between the water and the air

are the flying fishes on the one hand, and the diving birds on the other; the

former sustaining themselves for considerable intervals in the air by means of

their enormous pectoral fins, the latter using their wings for flying above and
beneath the water, as occasion demands.

I have carefully examined the relations, structure, and action of the fins in

the flying-fish, and am of opinion that they act as true pinions ; their inadequate

dimensions only preventing them fronr sustaining the fish for an indefinite period

in the air, at all events so long as they remain moist. They operate upon the

air from beneath, after the manner of a kite or spiralifer, and in so doing, lever

the animal upwards and forwards.

If they did not act as true pinions within certain limits it is difficult and indeed

impossible to understand how such small creatures could obtain the momentum
necessary to project them a distance of 200 or more yards, and that sometimes
at an elevation of 20 feet above the water.

In birds which fly indiscriminately above and beneath the water, the wing is

generally provided with stiff'er feathers than usual, and reduced to a minimum as

regards size. In subaqueous flight the wings may act by themselves, as in the

guillemots, or in conjunction with the feet, as in the grebes ; but in either case

it is the back or convex surface of the wing which gives the effective stroke, the

wing in such birds as the great auk, which are incapable of flight, being for this

purpose twisted completely round, in order that its concave surface, which takes

a better hold of the water, may be directed backwards.
The wing, therefore, operates very differently in and out of the water.

In the water it acts as an auxiliary of the foot, and both strike backwards
and downwards.

In the air, on the contrary, it strikes doivmvards and funvards, and this is a

point deserving of attention, as showing that the oblique surfaces presented b}'

animals to the water and air are made to act in opposite directions. This is

owing to the greater density of the water as compared with the air ; the former

supporting or nearly supporting the animal acting upon it; the latter permitting

the animal to fall through it in a downward direction.

But to come to the subject more particularly in hand, viz:

Flight in its relation to Aeronautics.—The atmosphere, because of its great

tenuity, mobility, and comparative imponderability, presents little resistance to

bodies passing through it at low velocity. If, however, the speed be greatly

increased, the action of even an ordinary cane is suflicient to elicit a recoil.

'j'his comes of the action and reaction of matter, the resistance experienced
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varying' according to tlie density of the atraosplierc and the sliape, extent, and
vehx'ity of the body acting upon it. While, therefore, ahnost no ini])edinient

is offered to the progress of an animal in motion, it is often exceedingly <lifficult

to compress the air with sufiicient rapidity and energy to convert it into a suitable

fulcrum for securing the onward impetus. This arises from the fact that bodies

moving in this medium experience the minimum of resistance and occasion the

inaxinnun of displacement. Another and very obvious diiliculty is traceable to

the great disparity in the weight of air as compared with any known solid, (this

in the case of water being nearly as 1,000 to 1,) and the consecpient want of

buoying or sustaining power which that disparity necessitates. To meet these

peculiarities the insect and bird are furnished with extensive suifaces in the

shape of pinions or wings, which they can apply Avith singular velocity and
power at various angles, or by alternate slow and sudden movements, to obtain

the necessary degree of resistance and non-resistance. Their bodies, moreover,

are constructed on strictly mechanical principles—lightness, strength, and dura-

bility of frame : and power, rapidity, and precision of action being indispensable.

The cylindrical method of construction is consequently carried to an extreme
;

the bodies and legs of insects displaying numerous tmoccupied spaces, while the

muscles and solid parts are tunnelled in ever^^ direction by innumerable air tulies

which communicate with the surrounding medium by a series of apertures termed
fipiracles.

A somewhat similar disposition of parts is met with in birds, these being in

many cases furnished not only with hollow bones, but also (especially the

aquatic ones) with a liberal supply of air-sacs. They are also provided with a
dense covering of feathers or do\\n, which adds greatly to their bulk without
material^ increasing their weight. The air-sacs are v/ell seen in the swan,
goose, and duck

; and I have in several instances carefully examined them with
a view to determining their extent and function. They appear to me to be con-

nected with the function of respiration, a view advocated by Hunter in 1774,
and within the last year or so b\' Drosier, of Cambridge. That they have
nothing whatever to do with flight is proved by the fact that some excellent

flyers—take the bats e. g.—are destitute of them, while the wingless running
birds, such as the ostrich, and apteryx, which are incapable of flight, are pro-

vided with them. The same may be said of the hollow bones, some really

admirable flyers, as the swallows, martins, and snipes, having their bones filled

"with medullary substance, while the bones of the running wingless birds alluded

to are tilled with air. Furthermore, and finally, a living bird weighing 10
pounds weighs the same when dead minus a very few grains ; and all know
"what effect a few grains of heated air would have in raising a wc ight of 10
pounds from the ground.

When we have said that cylinders and hollow chambers increase the area of
the insect and bird, and that an insect and bird so constructed is stronger, weight
for weight, than one composed of solid matter, we may dismiss the subject ; flight

being, as I shall endeavor to show by-and-b}^, not so much one of weight as of

power properly directed, i. e. power directed on strictly mechanical principles.

Those who subscribe to the heated-air theory are of opinion that the air con-

tained in the cavities of insects and birds is so much lighter than the surround-
ing atmosphere, that it must of necessity contribute materially to flight ; but
the quantity of air imprisoned is, to begin with, so infinitesimally small and the
dilference in weight which it experiences by increase of temperature so inajipre-

cialde, that it ought not to be taken into account by any one endeavoring to

solve the difficult and important problem of flight. The Montgolher or flre-

b;ill(H)ns were constructed on tlie heated-air principle; but as these have no
analogue in nature, and are ajqtarently incai)able of improvement, they need not
detain us at this stage of the inquiry. The area of the insect and bird when
the wings are fully expanded is, with the single exception of the bats, greater
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than that of aii}' other class of animals, their weight being proportionably less.

It ought, however, never to be forgotten that even the lightest insect or bird is

immeasurably heavier than 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
light-bodied and large-winged insects and birds, as the butterfly, heron, and
albatross ; and others, whose bodies are comparatively heav}^, while their wings
are insignificantly small, as in the sphinx-moth and stag-beetle among insects,

and the grebe, quail, and partridge among birds. Those apparent inconsisten-

cies are readily explained by the greater muscular development of the heav}^-

bodied, short-winged insects and l»irds, and the increased power and rapidity

with which the wing is made to oscillate. This is of the utmost importance in

tlie science of aerostation, as showing that flight may be attained by a heavy,
powerful animal with comparatively small wings, as well as by a lighter one
with enormously enlarged wings. While, therefore, there is apparently no cor-

respondence between the area of the wing and the animal to be raised, there is

an unvarying relation as to the weight and number of oscillations, so that the prob-
lem of flight seems to resolve itself into one of weight, power, velocity, and
small surfaces; versus buoyancy, debilit}', diminished speed, and extensive sur-

faces ; weight in either case being a sine qua non.

In order to utilize the air as a means of transit, the body in motion, whether
it moves in virtue of the life it i)ossesses, or because of a force superadded, must
be heavier than it. If it were otherwise, if it were rescued from the operation

of gravity on the one hand, and l)ereft of independent movement on the other,

it must float about uncontrolled and uncontrollable, as happens in the ordinary

gas balloon. The ditference between an insect or bird and a balloon here

insisted upon was, I have learned since writing the above, likewise pointed out
by his grace the Duke of Argyll, in his very able and eloquent article in Good
Words, entitled " The lleign of Law"*—an article whose merits cannot be too

widely acknowledged or too universally known. The wings of insects and
birds are, as a rule, more or less triangular in shape, the base of the triangle

being directed towards the body, the sides anteriorly and posteriorly. They are

also conical on sections from within outwards and from before backwards, this

shape converting the pinion into a delicately-graduated instnnnent, balanced
Avith the utmost nicetv to satisfy the requirements of the muscular system on the

one hand, and the resistance and resiliency of the air on the other. While all

wings are graduated as explained, innumerable varieties occur as to their general
contour, some being falcated or scythe-like, others oblong, others rounded or

circular, some lanceolate, and some linear.

Winf) of insect.—The wings of insects mny consist either of one or two pairs;

the anterior or upper pair, when two are present, being in some instances greatly

modified and presenting a corneous condition. When so modified they cover
the under wings when the insect is reposing, and have from this circumstance
been named elytra from the Greek ikurpov, a sheath. The elytra or wing-cases,

as they are sometimes called, are dense, rigid, and opaque in the beetles ; solid

in one part and membranous in another in the cockroaches ; more or less mera-
bi-anous throughout in the grasshoppers ; and completely membranous in the

dragon-flies. The superior or upper wings are indirectly connected with flight

in the beetles, cockroaches, and grasshoppers, and activel}' engaged in this func-

tion in the dragon-flies and butterflies. The true wings, and by this I mean the

membranous ones, present ditierent degrees of opacity ; those of the moths and
butterflies being non-transparent ; those of the dragon-flies, bees, and common
flies presenting a delicate, filmy, gossamer-like appearance. They have, how-
ever, this feature in common, and it is fundamental : both pairs are composed of

* Good Words for February, 18G5. This article I am glad to tiud lias been reprinted in a
separate form with numerous illustrations, and should be read by all interested in the subject
ot ierouautics. (J. B. P.)
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.1 duplicatuve of integmneut, or investing membrane, and are strengthened in

various directions by a system of hollow, horny tubes, known to entomologists

as the neura? or nervures. These nervures taper towards the extremity of the

\ving, and are strongest towards its root and anterior margin, where they supply

the place of the arm in bats and birds.

The neura? are arranged at the axis of the wing after the manner of a fan or

spiral stair ; the anterior one occupying a higher position than that further back,

and so of the others. As this arrangement extends also to the margins, the

^vings are more or less twisted upon Ihemselves, and present a certain degree of

convexity upon their superior or upper surface, and a corresponding concavity on

tlieir inferior or under surface ; their free edges supplying these fine curves

which act with such efficacy upon the air in ol)taining the maximum of resist-

ance and the minimum of displacement. As illustrative examples of the form

of wing alluded to, that of the beetle, bee, and fly may be cited ; the pinion in

those insects acting as helices, or twisted levers and elevating weights, much
greater than the area of the wing would seem to warrant. The insects adverted

to fly, as a rule, with great accuracy and speed, and frequently in a straight line.

From the foregoing account it is evident that the wings of insects vary as

regards their number, size, and shape. They also differ as regards their sur-

faces, margins, venation, degree of consistence and position, so that it might

naturally be asked. Do the several orders of wings act according to a common
])rinciple, or does each wing act according to a principle of its own! There
can, 1 think, be but one answer to this question. All wings obtain their lever-

age by presenting oblique surfaces to the air, the degree of o])li(piity gradually

increasing in a direction from behind, forwards and downwards, during extension

when the sudden or effective stroke is being given, and gradually decreasing in

an opposite direction during flexion, or when the wing is V)eing more slowly

recovered preparator}' to making a second stroke. The effective struke in insects

—

and this holds true also of birds—is therefore delivered downwards and forwards,
and not, as tlie majority of writers believe, vertically, or even slightly back-

wards. This arises from the curious circumstance, that insects and birds when
flying actually fall through the medium which elevates them, theif course being

indicated by the resultant of two forces, viz : that of gravit}', pulling vertically

downwards, and that of the wing, acting at a given angle in an upward direc-

tion. The wing of the bird acts after the manner of a boy's kite, the only dif-

ference being that the kite is puUed forward upon the wind by the string and
the hand, whereas in the bird the wing is pushed forward on the wind by the

Aveight of the l)ody and the life residing in the pinion itself. Tlio angle at

which the wing acts most efficaciously as an elevator, as proved by an examina-

tion of the pinion of the living insect, bat, and bird, when fully extended and
ready to give the effective stroke, is an angle of 45° with the horizon. As,

however, this angle could not 1)0 uniformly maintained without a rotary motion

which would wrench the wings from their flxings, a compromise is adopted, the

wing being made to rotate on its axis to the extent of a quarter of a turn in one

direction during extension, and the same amount in an ojiposite direction during

flexion. That the wing rotates upon its axis as explained may be readily ascer-

tained by watching the movement in the larger domestic fly. If the insect be
contemplated either from above or beneath, the bliu- presented by the rapidly

oscillating wing will be found to be concave, the depi'essed portion re[)resenting

the wing when its plane of least resistance is parallel with the plane of progres-

sion. Of this I have had the most convincing proof, particularly in semi-torpid

insects where the wing was plied with less vigor than usual. To confer on the

wing the multiplicity of movement which it requires, it is supplied with a double

hinge or compound joint which enables it to move not only in an upward, down-
ward, forwanl, and l)ackward direction, but also at various interrnediatt^ degrees

of obli(juity. An insect furnished with wings tlwis hinged may, as far as steadi-
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ncss of body is concerned, he not inaptl}^ compared to a compass set upon
gimbals, wliere tlie universality of motion in one direction insm'es comparative

fixedness in anotlier.

Many instances might be quoted of the marvellons powers of flight residing

in insects as a class. The male of the silkwonii moth (Attacns Papliia) is stated

to travel more than 100 miles a day;* and an anonymous writer in Xioholson's

Journal calculates that the common house fly (Musca domesticus) in ordinary

flight makes 600 strokes per second, and advances 25 feet; but that the rate of

speed, if the insect be alarmed, may l)e increased six or seven fold, so that under

certain circumstances it can outstrip the fleetest race-horse. Leeuwenhoek relates

a most exciting chase which he once beheld in a menagerie about 100 feet long,

between a swallow and a dragon fly (mordella.) The insect flew with such

incredible speed and wheeled with such address that the swallows notwithstand-

ing its utmost efforts, completely failed to overtake it.t

Wi/)g of bird.—There are few things in nature more admirably constructed

and where design can be more readil}- traced than in the wing of the bird. Its

great strength and extreme lightness, the manner in Avhich it closes up or folds

during flexion, and opens out or expands during extension, as well as the method
according to which the feathers are strung together, and slate each other in

divers directions to produce at one time a solid resisting surface, and at anotlier

an interrupted and comparatively non-resisting one, present a degree of fitness

to which tlie mind must necessarily revert with pleasvu'e. The wing of the bird,

like that of the insect, is concavo-convex, and more or less twisted upon itself

when extended, so that the upper or thick margin of the })inion presents a dif-

ferent degree of cui"vature to that of the nether or thin margin, the curves of

the two margins in some instances even intersecting each other. This twisting

is in a great measure owing to the manner in w hich the bones of the wing are

twisted upon themselves, and the spiral nature of their articular surlaces, the

long axes of the joints always intersecting each other at right angles. As a

result of this disposition of the articular surfaces the wing may be shot out or

extended, and retracted or flexed in nearly the same plane, the bones composing

the wing rotating on their axes during either movement. This secondary action,

or the revolving of the component bones upon their own axes, is of the greatest

importance in tlie movements of the wings, as it communicates to the hand and

forearm, and consequently to the primary and secondary feathers w'hich they

bear, the precise angles necessary for flight. It in fact insures that the wing,

and the curtain or fringe of the wing which the primary and secondary feathers

form, shall be screwed into and down upon the wind in extension, and unscrew'ed

or withdrawn from the wind during flexion. The wing of the bird may, there-

fore, be compared to a huge gimlet or anger, the axis of the gimlet representing

the bones of the wing, the flanges or spiral thread of the gimlet the primary

and secondary feathers. As the degree of rotation made l)y the bones of the

forearm and hand during extension amounts as nearly as may be to a quarter of

a turn of a spiral, it follows that in flexion the wing presents a knife-like edge

to the wind ; whereas in extension the curtain of the wing is rotated in a down-
ward direction until its anterior or concave surface makes an angle of 45° with

the horizon. From this description it will be evident that by the mere rotation

of the bones of the forearm and hand the maximum and minimum of resistance

is secured much in the same way that this ol)ject is attained by the alternate

dipping and feathering of an oar.

In the majoiity of quick-flying birds—at all events in such as do not glide or

skim—considerable advantage is gained by the primary and secondary feathers

being thrown out of position during flexion, this arrangement preventing retard-

*" Liun. Trans, vii, 40.

t The hobby falcon which abounds in Bulgaria is equal to this task, the dragon-fly form-

ing a principal constituent of its food.



IN RELATION TO AERONAUTICS. 331

ation, 1)V dhniuisliing the amount of air displaced. This sLating or overlapping

and nnslating- action of the feathers during extension and flexion is, however, one

of the peculiarities or refinements, and not necessarily an essential in flight, as

this function can he efficiently performed by the insect and bat where no feathers

are present, and where consequently no opening or closing of them can possibly

occur. The wing of the bird may be said to act in three different ways: ls;t,

during- extension, when it gradually makes an angle of 45° with the horizon

;

2d, during the dowu\vard stroke, when it maintains the angle of 45° with the

horizon, and makes a variable angle with the body; and 3d, during flexion,

when it acts at a gradually decreasing angle in virtue of its being* carried ag'ainst

the wind by the body of the bird which is in motion ; it being a matter of indiffer-

ence whether the wing acts on the air or the air on the wing, so long as the body
bearing the latter is irnder way ; and this is perhaps the chief reason why the

albatross, which is a very heavy bird,* can sail about for such incredible periods

without apparently moving the wings at all. Captain Hutton thus grapliically

describes the sailing of this magnificent bird :
" The flight of the albatross is

truly majestic, as with outstretched motionless wings he sails over the surface of

the sea, now rising high in air; now, with a bold sweep and wings inclined at an
angle with the horizon, descending until the tip of the lower one all but touches

the crest of the waves as he skims over them." t

"Tranquil its spirit seemed, aud floated slow,
Eveu ia its very motiou there was rest."

As an antithesis to the apparently lifeless wings of the albatross, the ceaseless

activity of those of the humming bird might be adduced. " In those delicate

and exquisitely beautiful birds, the wings, according to Mr. Gould, move so

rapidly when the ])ird is poised before an object that it is impossible for the eye
to follow each stroke, and a hazy circle of indistinctness on each side of the bird

is all that is perceptible."

The various movements involved in ascending, descending, wheeling, gliding,

and progressing horizontally are all the result of muscular power, properly
directed and acting upon appropriate surfaces—that apparent buoyancy in birds,

which we so highly esteem, arising not from superior liglitness l)ut from their

possessing that degree of weight which enables them to sul)j agate the air; weight
and independent motion being the two things indispensable in successful aerial

progression. The Aveight in insects and birds is in great measure owing to their

greatlj'-developed muscular system—this being in that delicate state of tonacity

Avhich enables them to act through its instrumentality with marvellous dexterity

and power, and to expend or reserve their energies, which they can do with the

utmost exactitude in their lengthened and laborious flights. The elastic struc-

tures Avhich receive or draw back the wing in the insect and bird during flexion

are of the utmost consequence in the movements of the wings ; these, by their

mere contraction, enabling the muscles of the wing to rest nearly half the time
they are in action. In this we have a probable explanation of the extraordinary
power of endurance displayed by insects and l)irds on the wing.
The foregoing remarks on the wings of insects and birds lead me to speak of

the inclined plane as applied to the air, but before doing so it will be advisable
to allude briefiy to the balloon.

Balloon. — This, as my audience is aware, is constructed on the obvious prin-

ciple that a machine ligliter than the air must necessarily rise through it. The
Montgolfier brothers invented sucli a machine in 1782. Their balloon consist<'d

of a paper globe or cylinder, the motor power being superheated air supplied by

* The average weight of the albatross, as given by Gould, is 17 pounds. 'Ibis," 2d series,

vol. 1, 18d5, p. 2'Xi.

The Pelicanus ouocrotalius weighs 25 pounds. Roget's Bird's .Tonrnal, vol. i, p. 490.
t On some of the birds inhabiting the Southern ocean, by Captain \V. F. Hutton. "Ibis,"

2d series, vol. i, 1865, p. 282.
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the burning' of vine twigs under it. The Montgolfier or fire balloons, as they

were called, were superseded by the hydrogen-gas balloon of MM. Charles and
Robert, this being, in turn, supplanted by the ordinary gas balloon of Mr.
Green. Since the introduction of coal gas in the place of hydrogen gas no
radical improvement has been effected ; all attempts at guiding balloons have
signally failed. This arises from the vast extent of surface wliich they neces-

sarily present, rendering them a fair conquest to every breeze that blows ; and
because the power which animates them is a mere 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 the air in opposition to the law
of gravity, very much as a dead bird would fall in a downward direction in

accordance with it. Having no hold upon the air, this cannot be employed as

a fulcrum for regulating its movements, and hence the cardinal difficulty in bal-

looning as an art.

An}'' one attempting to control the movements of a balloon is very much in

the position of a boatman who endeavors to steer his craft, which is drifting

with the current, by pushing against the stern.

If ever the balloon is to be utilized as a means of transit, this will probably
be achieved by converting part of its lifting power into a horizontal propelling

power, which possibly could be done by affixing a horizontal screw, like a small
windmill, to the car; this apparatus receiving its motion by being forced against

the air from beneath during its ascent, (the air playing upon it from above,) and
communicating its movements to a similar and smaller screw placed vertically

or at right angles, which could be made to revolve with great celerity as a
driving screw. To prevent rotation in the balloon itself, it might be armed with
j)lates of some light material placed at right angles to the plane of rotation.

The great expense, however, involved in the construction and filling of the bal-

loon will alwa^-s operate against its being used otherwise than as a luxury;

while the enormoiis expanse and delicacy of the material employed, as 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.

Finding that no marked improvement has been made in the balloon since its

introduction in 1782, we naturally turn our attention to some other method of

traversing the air; and here I would add my independent testimony in favor

of the heiice or screw, not only as a lifting power, but also as a pro})elling power.
When I commenced my inquires into the structure and the uses of wings, I was
early struck with the curious manner in wliich the}' are twisted upon themselves,

and how they are rotated on and off' the wind during flexion and extension, after

the manner of screws; and without knowing (for the subject of artificial flight

is not much in my way ) that the heiice had been proposed as a means for raising

inanimate bodies, I had actually constructed a double screw, with a view to test-

ing its efficacy in this respect.* I have therefore unwittingly laid anatomy and
j)hysiology under contril>ntion in support of what I find is not a new doctrine.t

I was impelled in this direction hy detecting the principle in nature, and from
knowing that a body to rise and progress in the air need not necessarily be
lighter than it; in fact, that the balloon is constructed on a principle diametri-

cally opposed to that on which the bat, insect, and bird are constructed, and is

from this circumstance open to serious, and in some respects, insuperable objec-

tions.

The efficacy of the screw in water is well known, and the action of the child's

toy, usually called the spiralifer, will illustrate its utility as applied to the au\
This to}"-, for toy it has hitherto been, consists of two inclined planes, produced

* This screw had tour fans or blades, two of which revolved from left to right ; the remain-
ing: two from right to left. This I found to be necessary to prevent rotation in the driving
apparatus, whicli consisted of a steel spring and clockwork.

tl'auctou, the engineer, predicted the future importance of the screw in aerial navigation.
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by simply twisting the enveloping wires in opposite directions. It therefore

represents the most , primitive form of screw. This apparatus, simple as it may
appear, curiously enough furnishes the mechanical appliance by which a body
may be elevated, or elevated and carried in a horizontal direction at one and the

same time. Hy applying the necessary power the spiralifer can be made to act

vertically or horizontally, or at any intermediate angle, so that we have in it an
easily regulated and perfect driving power. The position taken up by the advo-

cates of the screw is the reverse of that occupied by the advocates for the bal-

loon; so that the aeronaut promises at no distant day to be fairly imjjaled on the

horns of a dilemma, )»y liaving on the one hand a motor power which (because

of the space occupied by it) no human ingenuity can direct; and on the other a

thoroughly manageable and docile elevating and driving apparatus, minus an

adequate motor power. The problem of flight will probably be solved by one

employing a certain proportion of gas to assist him in overcoming the inertia of

his machine while he uses tlie screw as a propeller and partial elevator. Of the

two systems propounded, if they be judged separately, 1 incline to that which

proposes to employ the screw both in elevating and propelling, and this for two
reasons : 1st, Because the screw or a modification of it is the instrument by
which, as I have shown, the insect, bat, and bird rises and progresses ; and, 2d,

Because a certain degree of weight is necessary to overcome the air and make it

useful for the purposes of aerostation.

That the principle of the helice as applied to the air is correct is proved l)y

the very remarkable experiments of MM. Pontin d'Amecourt and De la Lan-

delle, both of whom have constructed within the last three years helicopteric

models, which not only rise by themselves into the air, but also carry graduated

weights.* The difficulties therefore attending aerial locomotion by means of the

screw are already partially surmounted.

The advantages which will accrue from the employment of the screw in aeros-

tation may be briefly stated.

It occupies little space, is strong without being heavy, and is prodigiously

powerful.

It rigidly economizes the motor power by keeping the inclined planes of

which it is composed closely applied to the air throughout its entire revolution.

The speed of the screw can be increased at pleasure—increased velocity, as I

have shown in the insect and bird, conferring enormously increased propelling

and lifting power.

By a judicious combination of horizontal, vertical, and oblique screws, almost

any degree of speed may be attained, and any course, whether upwards, down-
wards, or forwards, pursued.

A machine elevated and propelled by screws will be necessarily a compact
machine—a machine Avhich will navigate the air as a master ; its weight and
the small surface occupied by it rendering it superior even to moderately high

winds.

The nearer such machine is kept to the earth, and the greater the density of

the atm(,)sphere, the greater will be its facility and power—the inconveniences

arising from temperature and excessively rarefied air being thus avoided.

The aerial screw machine should be constructed, whenever practicable, uf

hollow cylinders fixed into a floor, com])osed of one or more flattened cylindroid

chambers filled with hydrogen or other gas to diminish weight. The flattened

cylinders, if laid horizontally or inclined in a slightly upward direction, would

act mechanically as sustainers and gliders, as do the wings in sailing and glid-

ing birds. It is just possible that the motor power required for the helicopteric

flying-machine may be derived from compressed atmosphere, the air being com-

* Extracts from a paper, by Mods. Nadir, 1863, quoted in Astra Castra: By Hatton
Turuor, Loudou, lS(3o, pp. 34U.
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pressed hy the aid of an eng-ine on krra firmn, and stowed away in the cylinders

comprising' the floor or other portions of the machine before starting.

When and where such a machine will l)e snccessfnlly launched no one can of

course predict. The suliject of artificial flight, however, has been so frequently

discussed of late 5'ears, and has excited so much interest in America, France, and
other portions of the Old and New World, that it must obviously receive a set-

th'ment in one direction or other at no distant date. Even Britain, involved as

she is in business and politics, and caring' little about science which is not

directly remunerative, has made a move in this direction, and we have now the

Aeronautical Society of Great Britain, presided over by his grace tlie Duke of

Argyll, himself a Goliath in aeronautical matters. It were much to be desired

that those who can afford the time or the means requisite for conducting experi-

ments on a scale commensurate with the importance of the subject would lend

their aid to this great public movement.
Homo Volans.—Whether the genus homo will ever be able, l)y his unaided

exertions, to leave the scene of his joys and sorrows for the fields etherean, time
only can determine. Borelli, a great anatomical authority,* made elaborate

calculations to prove the absurdity of such an attempt. His calculations, how-
ever, will not deter the 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 the matter, that if man ever flies it will not be by employ-
ing his arms simpl}', but by concentrating the energies of his entire muscular
system—by transferring in fact the movements of his arms and legs to a central

axis or shaft, surmounted by one or more horizontal and vertical screws of appro-

priate size and shape ; these being made to revolve with a velocity to be deteim-

ined by experiment. The value of this hypothesis could be readily tested, and
at a trifling expense, by a machine constructed after the manner of a velocipede,

Avhich need not be of a very complicated character.

In order to construct a successful flying machine, it is not necessary to imitate

the filmy wing of the insect, the silken pinion of the bat, or the complicated

and highl}' differentialed wing of the bird, where every feather may be said to

have a peculiar function assigned to it ; neither is it necessar}^ to reproduce the

intricacy of that machinery by which the pinion in the bat, insect, and bird is

moved; all that is required is to distinguish the form and extent of the surfaces

and the manner of their application, and this has, in a great measure, been
already done. When Vivian and Trevithick constructed the locomotive, and
Symington and Bell the steamboat, they did not seek to reproduce a quadruped
or a fish ; tlie}^ simply aimed at producing motion adapted to the land and water

in accordance with natural laws, and in the presence of living models. Their
success is to be measured by an involved labyrinth of railroad which extends to

every part of the civilized world, and b}^ navies whose vessels are despatched

Avithout the slightest trepidation to navigate the most boisterous seas at the most
inclement seasons. The aeronaut has the same task before him in a different

direction, and in attempting to produce a flying machine he is not necessarily

attempting an impossible thing. The countless swarms of flying things testify

as to the practicability of the scheme, and nature at once supplies him with

models and materials. If artificial flight were not attainable, the insects and
birds would aflord the only examples of animals whose movements could not be
reproduced. I'lie outgoings and incomings of the quadruped and fish are, how-
ever, already successfully imitated, and the fowls of the air, though clamorous

and shy, are not necessarily beyond our reach. Much has been said and done
in clearing the forest and fertilizing the prairie: can nothing be done in reclaim-

ing the boundless regions of the air?

* De Motu Animal.



MAN AS THE COTEMPORARY OF THE MAMMOTH
AND THE REINDEER IN MIDDLE EUROPE.

Translated by C. A. Alexander for the Smithsonian Institution, from ^'Aus der Natur

:

die ncucstcn Entdeckungcn auf dem Gcbicte dcr Naturwisscnschaftcn." Leip'ig, 1867.

While the eyes of inquirers were tnnied towards the cast and followed with

interest the excavations in Assyria and Egypt, in the hope of finding there some-

thing conclusive regarding the earliest condition of our race, similar researches

in the drift deposits of France, Belgium, and England, in the silicious formations

of those countries and in the oldest pile-constructions of Switzerland, Gennany,
Hungary, and Italy, l)rought to light incontestable proof that man had already

obtained a lirm foothold in diti'erent parts of Europe, at a time which ascends far

beycuid our chroncdogy, and even lived cotemporaneously with the gigantic and
partly extinct animals of the post-tertiary period ; Avith the mammoth, the gigantic

deer, the woolly-haired rhinoceros, the liear, the tiger, and hyena of the caves.

It will be understood of itself, that tliese discoveries were at first received with

distrust, because they totally subverted all previous conceptions and could by no

means be reconciled to the received theories respecting the age of the human
race. Even Christol and Tournal, who, in 1828, made, in the south of France,

the first discovery of fossilized human remains, mixed with fragments of pottery

and the bones of extinct species of animals, ventured not to vindicate for this

significant fact its just value, so firmly fixed in public belief was the doctrine of

Cuvier that man had first made his appearance on the earth after the era of those

primitive species. In the same manner fared it with the discovery of the Belgian

explorer, Schmerling, who, in 1833, found, in some caverns near Liege, human
bones intermixed with rude implements of stone and the remains of extinct ani-

mals, such as the rhinoceros, the mammoth, &c. ; even the discoverer himself

suggesting that it was possible that these relics might have been floated thither

after the deimdation of their original places of deposit. It was, of course, a

striking circumstance that already a nuralier of rude implements of stone had
been found without the coincident occurrence of human remains; whence no par-

ticular significancy was attached to these when discovered, and man}-, without

troubling themselves with further investigation, were content to assign them to

a later date or to confound them with what they were pleased to call S2>0)is of

nature.

Nevertheless attention had become more strongly excited, ^and similar dis-

coveries, especially since 1840, stimulated further inquiries. Communications to

this effect did not, indeed, at once receive a proper appreciation, but finally the

grounds of proof became so preponderant that all objections of the skeptical

were put to silence. Meanwhile the proofs have continued to accumulate, so

that at length there remain no grounds of denying that man was an inhabit-

ant of the earth at the same time with the gigantic animals of the quaternary

period. The discoveries of late years enable us even to follow the human race

through different phases of improvement during the prehistoric era.

At the commencement of the quaternar\- period the aspect of Europe, as far

even as the latitude of Sicily, closely resembled that of the polar regions of to-

day. The entire continent was wrapped in a shrt>ud of snow; enormous glaciers

covered the whole of Iceland, Scotland, and Scandinavia. All the valleys in
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the Carpatlnan mountains, the Balkan, the Pyrenees, and the Apennines, were

filled to the summit with ice. From the peaks of the Alps, which lose them-

selves in dense clouds, descended enormous glaciers which, towards the south,

stretched into the plains of Piedmont and Lombardy, as yet covered by the sea,

while, towards the north, another glacier, 720 square miles in extent and 36

miles in length, reached to the Jura. The European continent, however, was,

at that remote period, of much less extent than at present. The more depressed

parts formed then the bed of the sea, and what was not covered with water lay

liidden, during the long Avinter, under the enveloping snow.

In the wastes of ice towards the north jjole men contrive to live, but we
find no trace of them in Em'ope at the time we are speaking of. But centuries

elapsed, the snow gradually decreased, the glaciers retreated by degrees, as did

also the sea, and a strange fauna occupied Europe: an elephant covered with

crisped hair and having a long mane, a rhinoceros similarly protected, a liippo-

potamus which must have immigrated from the south through the mouths of the

rivers, gigantic bears, a large kind of tiger, multitudes of hyenas of still existing

species, a huge ox, &c. These animals subsisted together mider a still rude,

but less austere climate. At this time, also, man existed in Europe, in the midst

of this not precisely idyllic fellowsliip !

]S'ow, the question is this: In western Europe was man indigenous or had he

migrated from Asia, together with the manmioth and rhinoceros ? It would seem

probal)le that, before entering Europe, he had iidiabited Asia. During the great

gla(;ier period, the climate in southern Asia was less severe than in Europe, and

therefore better fitted for the sustenance of man, whose dental system more nearly

approaches that of the granivorous than that of the carnivorous tribes. It is,

indeed, believed that, during the glacier period, Europe was divided from Asia,

and that the two continents first became united after the retreat of the sea. At
that time also, the first migration of mankind to the west must have taken place,

induced by the desire of occupying the lands which had newly emerged from the

waters.

In what light shall we picture to ourselves the condition of these men 1

The oldest implements of theirs which we possess, the traces of the 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 our pride may revolt

at the fact, we are forced to acknowledge that man, as he stepped at first upon this

part of the earth, bore, in his instincts, his passions and his wants, no small

resemblance to the brutes. Fire was still unknown to him ; his teeth show

that he drew his nourishment from roots and other growths of the soil, and when

he began to use ficsh for food he must have devoured it raw. His unsettled life

was exclusively devoted to satisfying his material wants; no idea had he of any

exalted endowments ; his speech would consist naturally of only a small number

of words, in which, as is the case with the bushmen and other barl)arous tribes,

the vowels played a prominent part. A skin, stripped from the beasts he had

slain, formetl the clothing of the primeval Euroi)ean ; his limbs were exposed to the

inclemencies of the weiither, and when he would seek rest or protection from the

cold or from wild animals, his necessary resort was to the forest or to dark cavi-

ties in the earth. Yet, in spite of the humble stage at which man stood in this

early period of his mundane existence, he was still the paragon of creation.

He was gifted with reason, and this invested him with supremacy over the beasts

of the wilderness.

In time, by means of the lightning and volcano, man would become acquainted

with fire, and soon recognizing its beneficial activities would learn to preserve it

as his greatest treasure. Since he knew not as yet how to produce it, he would

carefully maintain it by day and night. Hence, in the earliest times, fire would

naturally become the object of peculiar veneration; It must also have exerted

a powerful influence on the conditions of human existence. To the roots and
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ratlier unsavory products of tLe earth, flesli would more generally succeed as a

diet; tlie means having been supplied of rendering it tender and digestible.

Against the rigors of winter, fire offered its ready and invaluable succor. The
continual reassemblage around the same hearth contributed in no small degree

to the formation of the family.

At this geok)gical epoch the level of the water sank more and more, so that

tlie submerged lands of Europe rose gi'adually above the sea. The glaciers

melted in part, and at that time the valleys began to exist. The part borne by
the sea and by the ivater resulting from the melting glaciers in this first debacle,

admits of no accurate determination. From this period proceed also the deposits

of rounded pebbles which cover in great part different regions of Europe.

Another phenomenon stands in close connection with these great cmTcnts of

water : the caves were emptied of the clay which had filled them.

Amidst this grand melting of glaciers, and the floods thereby occasioned, the

volcanoes in Auvergne were emitting flames and lava. Their activit}^ was wit-

nessed ])y human beings, who became, in some cases, victims to their violence,

as is testified by the human remains found in the volcanic tufa of Mount Denise

de Vehxis. At the same epoch, herds of the gigantic mammoth and rhinoceros

roamed over middle Europe and central Asia. With them were to be seen also

the great bear of the caves, the colossal tiger, hyenas, the horse, and the larger

ruminants. Man had at once to defend himself against the savage animals and
to hunt them as the means of his ovm subsistence.

The animals which existed cotemporaneously 'udth the fossil man were, accord-

ing to geological researches, the following : the mammoth {Elcphas primigcnius.

Blumenb.,) the Siberian rhinoceros {Bhinoceros tichorinus, Cuv.,) the hyeua of

the caves [Hyccna spelcca, Gold.,) the tiger of the caves {Fells spdcca, Gold.,)

the gigantic deer [Mcgaceros hylicrnkus,) the bear of the caves {TJrsus sjxiccus,)

the reindeer [Ccrvus tarandus, Lin.,) the m'e-ox and the aurochs (Bos x^rimige-

nius and Bison curopcsus,) together with many of the smaller carnivora, insec-

livora, rodentia, &c. These animals, now in great part extinct or confined, like

the reindeer and bison, to certain naiTow districts, lived, probably, thousands of

years before the era of the more recent pile-structures, whoso occupants have
left behind them, in their utensils and implements, the traces of an unfolding

civilization, and had succeeded in domesticating some of the above s^iecies.

When we consider that the early men, with their miserably inadequate weap-
ons, were called upon now to hunt such fierce and gigantic creatm'cs as game, and
now to contend with the moro rapacious of them for their own lives and acqui-

sitions, the remark of Lyell Vvill not seem overstrained, that it is truly wonder-
ful how the primitive man could maintain his existence in the presence of these

formidable adversaries. But it must be remembered, in explanation of the fact,

that in the case of these remote ancestors of om's, as in that of the rude tribes

of the present day, the instincts which guide even the beasts were developed to

a high degree of energy and cunning, so that it would be practicable for them
to provide for their necessities and ward off apprehended dangers. In this, the

reflective understanding gave even to the earliest of our race a superiority not

to be unden\alued, over the brutal force of the lower animals.

The power of endurance acquired by a life in the open aii', partly in the

recesses of the thick forests, partly in caves, the bodily agility and dexterity in

the use of their certainly very primitive weapons, supplied, especially in a com-
bined onset, something of the efficiency of our fh'c-arms ; and the exhausted
and incessantly harassed beasts would finally become the prey of the indefati-

gable huntsman. For, that our earliest predecessors were huntsmen and fisher-

men, the scanty subsistence afforded by the flora of that age permits us not to

doubt. Many animals would be captured by means of pitfalls, as is now the

case in ^Vbica and other regions. On the other hand, we see that the Esqui-

maux of to-day, seconded only bv their faithful dogs, and armed merely with
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liarpooiis pointed with fish-bone, moro rarely with iron, successfully attack the

formidable polar bear ; and the Indian of the Rocky mountains shrinks not from
an encounter with the fearful o-rizzly bear, and proudly wears its captured claws as

a trophy around his neck. With no less impunity does the Hottentot engage
in combat with the lion, the rhinoceros, &c. ; for artifice and perseverance every-

where secure to man a superiority over the beasts of the desert and forest.

Before those whom we call savajjes had come into contact with the European,
they bore as weapons, with the exception of the North Americans, who were
already in possession of copper hatchets and knives, only the simple Itow antl

aiTow, the lance and javefin. The oldest inhabitants of Europe had similar

weapons pointed with flint, stone hatchets, such as are now in use in Australia,

poinards of bone and buck-horn, lances, clubs, &c. ; and hence weapons of

such a kind as are now cflectually managed by the wilder tribes of men. No
doubt the aborigines of old had not less skill in the handling of their weapons
than is now witnessed among the savages of Africa, America, and Australia

;

and thus is to be explained the possibility of resistance against the strongest

animals, though, of coiirse, the conflict of man with the latter must often liave

resulted disastrously to himself.

The cxpertness of the uncivilized races in the nse of their weapons is, if the

reports of travellers may be l)elieved, something truly wonderful. Thus, for

example, the Indian of North America transfixes with his an'ows, at surprising

distances, a horse or even buffalo ; and a like skill was displayed l)y those

natives of Cape York, in Australia, who were brought to England in 1853.

They were able, without taking deliberate aim, to stiiko 'unth their javelins, at

a distance of 20 paces and with invariable success, a small object fastened to a

stick. Captain Ga}- relates that the Australians gencralh' are secure of killing

a Vnrd at the same distance, and Starbridge informs us that the natives of Vic-

toria dive, with spear in-hand, into the river Mun-ay, and never return without

having transfixed a fish. Ceiiain tribes of Patagonians live almost solely on fish

which, in diving, they sometimes take with the hands, or capture from the shore

T)y means of wooden spears, like the Indians of California. The dexterity of the

South Sea islanders in the water is Buch that, descending among the coral reefs,

they thmst the fore finger into the eyes of any fish they have marked for prey,

and thus bring it to land. The natives of Tierra del Euego display singular

skill in hurling stones, and not less the Hottentot in the use of his rakum-
stick, a missile with which he dispatches the feebler species of animals at a dis-

tance of from 30 to 50 yards. The address of the semi-barbarous Guachos of

South America in the use of the lasso is well known ; nor is the Patagonian
less adroit Vvith his bolas, by means of which lie throttles the puma or American
lion before dispatching him. The Esquimaux also avail themselves, for the

capture of birds, of a thong contrived on the principle of the bolas ; it is a thin

strap of leather, loaded at the end with a bone-knob, as. the bolas is with a

stone-weight, to facilitate its being womid ai'ound tho neck of the bird at which
it is cast.

The boomerang of the Australians is an instrument for hurling, which was
long ago in use by the ancient fowlers of Egypt. Many of the peculiarly

formed stone implements of the oldest stone period may well be supposed to

have served chiefly as missiles, just as similar ones, made of iron, are employed
in Africa ; for instance, the lissam or crooked club of the negroes of central

Africa, and the analogous hungamunga of the Tibboos, in the southeastern part

of the Sahara. It cannot he doubted^that the effectiveness of a skilfully thrown

club or stone is little less than that of one of iron. It is therefore by no means
necessary to assume that the aborigines of the earliest times must have wielded

vcr}'^ heavy weapons, for it would appear, from what has been said, tliat those

already found would have qualified their possessors to cope even with the colos-

sal beasts of that remote era. Besides that the more ponderous animals would
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be mostly captiircd by pitfolls, it lias been seen that the American Indian pur-

snes the butlalo of liis huuting-gronnds witli proportionably feeble weapons, and

that a single Esquimaux will enter into conflict with the polar l)ear when armed

only with his lance. Among the Tschutksches, who inhabit the northeastern

angle of Siberia as far as the Arctic ocean and Behring's straits, even boys of

from 12 to 14 years attack the bears with spears five feet long^ and succeed in

killing them.

Opportunity is constantly afforded us of witnessing what can he perforaied

by the ruder races of mankind witli their simple implements. Stone knives of

obsidian, for instance, are not uncommon in Mexico, and in certain cases they

are even preferred to those of iron. We arc told by Greton that the Damaraa

dismember without difficulty the largest animals, elephants and girail'cs, by

means of the poorest instraments—thin pieces of iron fixed in a short handle

—

while he himself could scarcely even pierce their hides with European knives of

the best quality. The Caflres show remarkable skill in striking an object Avith

then- peculiar missile at a distance of 20 or 30 paces. In doing this, they seize

the assagay between the thumb and upper finger joint, the point in front , raise

the hand to the level of the shoulder, not higher ; draAv the arm back and con-

trive, by striking the shaft against the wrist, to give it a vibratory motion from

point to butt, hurl it with great force, and the weapon, still vibrating during its

passage through the air, seldom fails of attaining its aim. To the same elfett

may he cited their knob-kcrris, sticks of an inch in diameter and four feet long,

terminating in a large round.knob. These are usually cut from the off-shoots

of the wild olive tree, and are employed by the Cafl"res in hunting wild beasts

or destroying serpents. For this purpose they lay hold of the shaft of the

weapon, measure with the eye the distance of the object, and throw the stick in

such a manner that, circling in the air, the thinner end shall strike the ground

a few feet from the point aimed at, and the knob fall, in the rebound, directly

on the victim. Equipped with such slight arms as these the Caftre seems insen-

sible to danger, and war has shown that, in bush-fighting, the best English troops

are scarcely a match for him.

We are, of course, not in a position to pronounce with certaint}^ in what man-

ner the primitive man hunted those animals of which we have been speaking.

Had he been in possession of more formidable weapons than have been as yet

recognized, it is hardly possible but that some of them would have been found.

But that the animals in question existed as cotemporaries of man, and served

hinr for sustenance, has been jilaced beyond a doubt, and, in his encounters with

them, the primitive weapons of stone which have been ab'eady discovered will

appear to have been no such mean auxiliaries, when we consider the effects pro-

duced by the analogous and simple instruments wielded by the uncivilized tribes

of the present day.

Tliis contest with the untamed animals gave the first impulse to an industrial

activity among men. Before all else the preparation of Aveapons was to be

thought of. Metals Avere then unknown, and men seized upon stone, especially

that knoAAni as flint, Avhose aptitude for piercing or cutting Avas easily recognized.

From this hatchets and the points of lances Avere formed and fitted to Avooden

handles. The insufficiency of these Avea})ons led to progressive adaptations.

Tlie beasts might fly, and must be overtaken by missiles ; hence the javelin.

The fugitive beasts are not in this Avay easily reached; a step in advance, there-

fore, was the boAv, Avhich sends the arrow to a greater distance. Tli^^ idea of

this Avas found in nature : man had before his eyes the curvature of branches of

trees b}' parasitic vines, and witnessed* the elastic force thereby developed. The
cord of the first bows Avas sujiplied by strips cut Avith sharp stones from the

hides of animals, and the arrow was equipped at one end with a point carefully

Avrought from flint. Stimulated by his necessities man would soon learn to

resort to ambush and other stratagems, and, gradually emboldened liy success,
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lie would no longer fear to attack, even witli his rude and imperfect weapons,
tlie mightiest denizens of the wild—the mammoth, the rhinoceros, and the bear

;

nor was it seldom that these fearful enemies fell before his prowess or his craft.

The sedimentary deposits of this era contain numerous evidences of the

industr}^ of these first men, together with their own bones. The celebrated dis-

coveries in the neighborhood of Abbeville, which wo chiefly owe to the assiduous

researches of Boucher do Perthes, have furnished so many contributions to our

knowledge that ^ve can now figure to ourselves an image of those far remote and
obscure centuries during which mankind lived in caves of the earth, and merely
added to the stock of theu" implements by the employment of the bones of wild

animals in addition to the use of flint.

The few very ancient skulls hitherto found authorize us to speak only with
great reserve of the type of the races of men existing at that remote period.

The skull discovered in a cavern of the Neanderthal, near Diisseldorf, exhibits

an unusual thickness. The projection of the supra-orbital ridges is enormously
great, the forehead narrow and ver^^ low. The development of the brain was
slight, and similar to that of certain Australians. Carl Vogt is of opinion that

this skull and that found by Schmerling in the cavern of Engis, near Liege, are

remains of a race no longer existing in Europe. But scattered discoveries like

these scarcely entitle us to such positive conclusions; it were well to await further

revelations before resigning ourselves to any settled determination on this point.

The size of the men of that distant date was not greater but rather less than at

present, notwitlistanding the belief so generally prevalent that in prehistoric times

our earth was inhabited by a race of giants. For the origin of this belief we
must look to the large elliptical mounds which occur in certain districts, the

so-called graves of the giants, in which are found in gi-eat numbers implements
and weapons of stone, indicatingthatthesegravesbelong to a far-distant age and
were receptacles for the dead bodies of a primitive people. These graves are

sometimes more than a hundred feet long, so that, in comparison, our modern
sepulchres are mere molehills. But it is an error, from the magnitude of the graves
to infer that of the l^odies deposited therein. As the dead, at the epoch in ques-

tion, were buried, at least in part, without previous incineration, tolerably well

preserved skeletons have been obtained from the tombs, and these skeletons

evince that, so far from being the remains of giants, they are those of a race

inferior in stature to the ordinary' proportions of the Caucasian. The age to which
these gigantic tombs are to be assigned cannot be exactly determined. Nor should

we be justified in assuming that those who were deposited in them belonged to

the earliest race of men who inhabited Europe after the disappearance of the icy

investiture which, in the judgment of the most recent and judicious inquirers,

v.Tapped that continent almost from side to side at the beginning of the present

geological era ; for the implements of stone so commonly found in the tombs
bear witness to a considerable degree of skill, while the tombs themselves show
that the builders had made no contemptible progress in that branch of mechanics
which is occupied with the management of heavy masses.

The strong projection of the superciliary ridge may possibly bo a consequence

of the manner of life led by these cave-dwellers. They must need be always on
the look-out against the beasts of w-hich they were in fear, or searching anxiously

for such as it was their business to capture for food. By this incessant effort of

visual attention, the muscles of the part in question would become dispropor-

tionately developed, and the physiognomy be impressed with a peculiarly mid
and fierce aspect.

Were the men of that distant time cannibals '? The question scarcely admits

of being positively answered. In Scotland, different skulls have been found, of

which some bear a resemblance to those of the ancient Britons, others to those

of the Australians. Together with these have been discovered bones of chil-

dren which, according to Owen, bear upon them the traces of human teeth. Inter-
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mingled witli these remains, arroAV-heads of flint occnrand pottery of a very rude
description. Spring, wlio carefully examined the bones of children which were
found in Bclginm, in the grotto of Chauvean, also amvcd at the conclusion that

they were the remains of a repast made by cannibals. The proof offered by
these facts, however, is not of a convincing kind ; on the contrary, it has been
met by strong objections. If men in the quaternary period devonred their fel-

low-creatures, it is difhcult to suppose that the marrow of the bones would not be
a delicacy as eagerly sought as was that of the beasts slain in the chase. But
no human l)ones are found which have been opened in such a way as to extract

this nuich-coveted substance, while everywhere occur in abundance the bones of

mammalian animals which have been evidently fractm-ed for that purpose.

A question has been suggested by Horn Avhether the marrow of the longer
bones of animals served the primeval men simply and solely as nourishment ?

It may have been used also for anointing the body, as well for protection against

noxious insects as against cold. Nor is it unlikely that one of its economical
uses may have been for rendering more pliant the skins which served ibr cloth-

ing. As an article of food the marrow must have been devoured raw, for most
of the bones show that they have undergone no action from fire. Indeed, dur-

ing the earliest stage of man's existence in Europe, fire would seem to have been
unknown for any such puii)ose, as were also vessels artificially made of earth

;

and if the marrow was to be melted for the processes just mentioned, it could only
be efl'ected by the heat of the sun and in ca\dties of the rocks.

It has been remarked that in the bones of the human jaw^ which have come
do-\\ai to us from the stUl more recent age of stone, the incisor teeth are greatly
worn. Hence it has been hastily infeiTcd that flesh was then eaten uncooked

;

but this view is in conflict with the discovery of charcoal imder circumstances
which imply the former existence of a hearth; nor is it to be supposed that, after

having learned the economical uses of fire, men would continue to devom- their

food raw. The abrasion of the incisors might perhaps proceed from a peculiar

mode of mastication. At this day the Esquimaux are said to use the front rather

than the molar teeth in manducating food.

The caverns in w'hich at that remote era the bear, the tiger, and the hyena
found a lair, are easily distinguishable from those selected by man as a habita-

tion. In the fonner, the bones which occur are unbroken ; they bear merely the
traces of having been gnawed by carnivorous beasts. In the haunts of the human
being, on the contrary, the bones are always broken in the direction of their length,

for the purpose of extracting the marrow. Our primitive ancestors devoured indis-

criminately the horse, the ox, the l)ear, the tiger, and even the rhinoceros, pro-

vided the chase was successful. If the mammoth fell into their hands, the thick

integument of the animal must indeed have been a prize for their rude dormito-
ries.

This first age of man must doubtless have comprised thousands of years. We
know how slow has been the development of the human race, and from the con-

sideration that each generation stands on the shoulders of the preceding and civil-

ization is but the product of the past, wc can readily apprehend that the process
of improvement must have been tardy and difiicult in proportion to the distance
of time W'hich separates us from the period under contemplation. Accelerated
progress comes only with the experience and facilities of multiplied years. Long
must have been the ages when man's life was Init a struggle for existence; and
for the bare satisfaction of the meaner necessities of his nature. Discoveries
have been too few and indecisive to afford us any distinct image of the habits
and mode of life which characterized this primordial condition of our race; but
it is gratifying to add that a discovery has at length been made which seems to

lead in that direction, and which is the more important inasmuch as it has given
a renewed impulse to explorations of the same kind.

In the year 1852, a laborer, named Bonnemaison, employed in repaiiing the
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roads near Aurignac, in the department of the Upper Garonne, observed that

rabbits wlien pursued took refuge in a hole on the slope of a hill in the vicinity.

Into this hole he thrust his arm, and, to his siu-prise, drew forth, not a rabbit, but

one of the long bones of a human skeleton. Proceeding to dig into the hill, he

encountered a large flat stone standing erect and closing a cavity iiito which the

rabbits had wrought an entrance. When Bonuemaison had removed the stone,

he saw before him a natural cavern wherein lay not less than 17 human skele-

tons. The discovery naturally caused a sensation in the neighborhood, and unfor-

tunately the mayor of Aurignac, Dr. Amiel, felt himself ])ound in duty to have
these human remains transfeiTcd to the chm'chyard and again buried. Not the

slightest misgiving seems for a moment to have been entertained by this conscien-

ti<nis functionary that he was ^Testing ffom science an invaluable treasure. When
Lartet visited Aurignac, eight years later, and heard of this interesting discovery,

no one, not even the grave-digger, could point out the spot where the skeletons

had been interred. Tims this rich harvest of ethnological knowledge seems for-

ever lost to the antiquary and geologist.

Lartet nevertheless failed not to visit the caveni, and to institute further

researches. The rubbish which for hundreds or thousands of years had been
descending from the summit of the hill had buried the stone by which the mouth
of the grotto was closed, and had also covered a small ten-ace which existed in

front of it. These accumulations being removed, the original surface was again

exposed to view, and upon this were found a number of calcareous stones, the

remains of an ancient hearth, as well as the l)ones of many different animalsand
objects of human industry. In the bed of earth which covered the floor of the

grotto were found bones of the cave bear, the aurochs, the horse, the reindeer,

&c., which had been neither broken nor gnawed, and, besides these, instruments

of flint-stone, a weapon constructed of the antlers of the reindeer which had l)eeu

siiarpcned at one end, together with 18 small disks formed of a white shelly sub-

stance and perforated through the middle. Tlicse last were recognized as being-

derived from shells of a cockle (Canlhnn) which is an inhabitant of the ocean.

The bones found on the terrace before the grotto had all been fractured, as if

to lay bare the enclosed marrow. Still distinctly to be traced were the notches

made b}^ the stone hatchets or knives which had been used to detach the flesh,

as well as marks of the teeth of the hyenas which had resorted hither during the

.night to feast on what remained of the spoils. Even the excrements of these

wild animals were still distinguishable. Some of the bones bore traces also of

having been submitted to the action of fire. The list of the animals to which
the bones pertained was by no means a brief one. Among extinct species Avere

recognized the mammoth, the rhinoceros, the gigantic deer, the great bear and
tiger and hyena of the caves; among those still existing, the aurochs, the horse,

the ass, the stag, the reindeer, the roe, the wild boar, the wolf, the fox, the badger,

and the polecat.

The objects of human art and industry found in front of the grotto were very

numerous. Sharpened instruments of flint, mostly knives, were discovered to the

amount of not fewer than a hundred, and, mingled with them what appeared

to be missiles intended for the sling. The circumstance that these oiyects

were accompanied l)y cores or nuclei of flint, the material from which they were
made, would seem to indicate that some of them had l)een manufactm'cd at this

spot. Other objects also were found in considerable number, wrought of bone,

and especially of the antlers of the reindeer, such as points lor arrows without

barbs, a shape with which we become familiar at a later age ; a bodkin formed

of the more compact bone of the roedeer and sharply pointed, so as to be well

suited for piercing the hides of animals in sewing them together ; and still another

of smaller size, provided with a very sharp point, which had probably been
employed for tattooing. Many flat pieces of reindeer's horn, polished on both

sides, closely resemble, according to Steinhauer, of the museum of antiquities at



AND THE REINDEER IN MIDDLE EUROPE, 343

Copenliagen, certain implements still in use among the Laj)lundcrs for pressing

the rough seams. Another plate of the same substance exhibits on one side

many transverse lines traced at equal distance from each other, and inteiTupted

in the middle so as to fonu two rows. On both faces of the plates are notches

cut still deeper than the lines, l)ut also at equal intervals. ]\Iay not these have

been counters for marking the vjilucs of difl'erent objects, or, as Steinhauer con-

jectures, memorials of the chase ? Finally, a fang of the cave bear, f Ursus spe-

Iceus,) perforated lengthwise, as if for suspension as an ornament or amulet,

affords us rather an elabt>rate work of men's hands, a primitive attempt of art to

imitate the animal form, being carved into the rude likeness of the head of a

biKl.

it is not without interest to remark that the bones of the carnivorous animals

found around the hearth were entire, and showed no mark proceeding from the

use of the Hint knives. Even the hyenas appear to have rejected them. The
bones which had been opened and were gnawed, belonged especially to the

aurochs, (Bison europcEus,) the reindeer, and the horse. The skulls of these

animals were wanting
;
probably they had been broken to pieces in order to come

at the brain, and the fragments thrown into the valley. Pallas tells us that, at

this day, the Samoeides eat the brain and marrow of the reindeer raw.

From the above facts Lartet has drawn the following conclusions : The burial-

place of Aurignac reaches back to the highest antiquity of our race ;
a proof of

this is furnished by the fauna found on the site, and which in part has long dis-

appeared from the eai'th. The depth of the layer of ashes, as well as the great

number of animal bones, show that, in front of this grotto funeral feasts were

held, and that it has been opened at different times to receive new bodies, until

the cavity was filled. On the other hand, the uninjured bones found in the interior

of the cave evince that ofl'erings have been here consecrated to the dead. The
various implements were deposited that the deceased might avail themselves

tliereof on entering upon another life ; a custom which we know to be still in use

among various uncivilized tribes. The carnivorous animals which man seems

not to have eaten may, by means of their skins or in some other manner, have

borne a part in these primitive rights of sepulture.

The absence of all traces of pottery is a further proof of the very remote anti-

quity of the human remains here discovered. We see, however, that, even at that

distant time, man was not destitute of a certain degree of practical skill. Already

there are instruments of horn, and the bodkin in particular was not ill adapted

for sewing together the skins which protected the person from thorns as well as

cold. Nay, the rude inhabitant aspired to some amount of luxury, though, it

must be confessed, of a very primitive sort. The disks pierced in the middle

must have served to form either an armlet or necklace, and in the bear's fang

above spoken of we have perhaps the oldest monument of art which has descended

to us from its earliest infancy.

When Bonnemaison, the laborer who discovered the grotto, first entered it,

there were within it several entire skulls. According to the recollection of Dr.

Amiel, who counted the bodies, the remains were those of a race under the aver-

age size, and the skulls were brachycephalic or round, which accords with the

discoveries made at Moulin Quignon, and in other caverns. A human maxillary

bone found by Lartet, imbedded in the loose soil within the grotto, points also to

the same inferiority of stature.

In reference to these discoveries Sir Charles Lyell expresses himself in the

following manner :

If the fossil memorials of Aurignac have been correctly interpreted—if wc have here before

us at the northern base of the Pyrenees a sepulchral vault with skeletons of human beiiitrs,

consigned by friends and relatives to their last resting place—if we have also at the portal

of the tomb the relics of funeral feasts, and wiihin it indications of viands destined tor the

use of the departed on their way to a land of spirits—while among the funeral gifts are

weapons wherewith in other fields to chase the gigantic deer, the cave lion, the cave bear
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and woolly rhinoceros—we have at last succeeded in tracing back the 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 tliat this depository of the dead at Aurignac
should have been preserved for us so many thousands of years, and not have
been swept away by the diluvial cataclysms. But when it is considered that,

excepting at certain points where the upheaval of the soil has l>eeu distinctly

ascertained, the height of these inundations over the regions in question has not

exceeded 600 to 750 loot, it is clear that the grotto of Aurignac, which has an
elevation of 1,290 feet, was l)eyond their reach. There are various other cav-

erns, moreover, in whicli proof exists of the cotemporaneous existence of man and
extinct animals of the (piaternary period. In a general point of \'iew, these

caverns may be divided into three groups, those which have been inhabited by
men, those which have served as burial places, and those which liave formed the

lair of the greater carnivorous animals. These last contain numerous bones, the

remains of the prey dragged tliither bj- such wild beasts as the tiger, the hyena,

and the bear. The bones are gnawed, never split lengthwise, nor do any traces

occur which would point to the presence of the human race. The caverns, on
the other hand, which have formed the habitations of man are readily to be dis-

tinguished, even in the absence of human remains, by the existing bones being

cleft lengthwise in the manner which was uniformly employed to get at the mar-

row. In certain caverns are found one or more overlying strata containing

remains and corresponding to different epochs. The grottoes whicli have served

as burial phices are usually small, and entered by a narrow passage, so as to be
readil}' closed by a flat stone in order to protect the dead bodies from the rapacity

of hyenas and other carnivorous animals.

It is easily conceived tliat many caverns exist which do not fall withiu either

of these three classes. Some of tliem, which have two entrances, may have been
emptied of their contents by floods, or been completely filled up with mud and
rubbish. Others have been inhabited by man, after having been previously

occupied as dens l)y wild beasts. Others still have been hollowed out l)y men,
in order to be used for different purposes. In the latter, as in those exposed to

the action of water, ranch circumspection is requisite to determine tlie age of the

remains which are found therein.

The principal caverns pertaining to the age of the great cave bears are the

following: (1.) The grotto of Vallieres, in the department of the Loire and
Cher. It contains bones of the rhinoceros, the hyena, the gigantic deer, the

bear, the aurochs, a horse, (Equus adamiticus,) mingled with stone hatchets, of

the kind found in the valley of the Somme. (2.) The grotto of Arcy-sur-Yonne.

Under 'a more recent deposit it presents two strata of the quaternary period.

Here were found bones of tlie elephant, the rhinoceros, the bear, and the hyena,

intermingled with stone implements ; also the two branches of a human under

jaw, with teeth well preserved, (o.) The cave of Fontaine, in the environs of

Tonl, containing bones of the bear, the hj'ena, and the rhinoceros, as well as

objects of human industry, including a needle of bone, provided Avith an eye.

(4.) The cave of Pontil, in the department of Ilerault. It contains a lower bed
bearing the remains of the large extiuct animals, and an upper one with hiunan

remains, charcoal, and implements of stone, bone, and buckhorn, mingled with

the bones of horses and bisons. On the surface have been collected the bones of

the polecat, together with smooth stone hatchets, and objects which point to the

age of bronze. (5.) The grotto of Moustier, in the district of Peyzac, (Perigord.)

Here were presented the remains of the cave hyena, the great bear, and scales

of the molar teeth of the elephant, such as were found at Aurignac and other

places which had been iidiabited by men. With the animal remains were min-

gled stone implements bearing a resemblance to those found at Abbeville. (6.)

The upper grotto of Massat, in the department of Ariege. Here, besides many
animal bones, have been recovered two human teeth and 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 has brought to light, in the cavern of Longhole,
(England,) the remains of two different species of the rhinoceros, (Wiinoccros ficho-

rhinus and B. hcmitocclmsj together with knives of flint. In the cave of Wells,
in Somersetshire, in the Wokey cave, and in several caverns of the peninsula of

Gower, in Wales, bones of extinct animals have been found, but the cotemporarv
presence of man has not as yet been substantiated. The celel>rated Gailenreu-
ther cave in Franc<jnia is well knowni to be rich in remains of wild animals. The
grotto of Chiango, near Vicenza, and that of Laglio, on the shore of Lake Como,
contain numerous bones of cave bears, mixed with some implements and the
relics of rude earthen-ware, a rare contribution fi'om so remote an epoch of the
human race. In Sicily have been found, in the grotto of Macagnome, bones of

the Ekplias antiquus, a cotemporarv of man, together with bones of other beasts,

and the remnants of human industry. Were we to enumerate all the caverns of

this sort, the list would bo a long one. We find such in all parts of the earth,

and it is not seldom, as for instance in Syria, Brazil, &c., that the}- afford evidence
of the cotemporarv existence of man and fossil species. Nor are the discoveries

which prove this synchronism of man with the great extinct mammalia limited

to the caves alone. The valleys of the Somme, the Thames, &c., furnish the
traces of human industry in the form of implements wrought of flint-stone, in

common with the bones of the mammoth and rhinoceros. Especiallv rich ai'e

these kinds of depositories in France, Belgium, and England.
But how was it that man and these great mammalia of the quaternary era pen-

etrated to England, after migrating from the north of Asia, Avhere they perhaps
existed at the pliocene period '? It is readily seen that the migrations may have
taken place before the iiTuption of the waters into the English channel, or if

later, over the ice of the frozen sea, for the wdntei-s, at the date of the npper sili-

cious deposit in the valley of the Somme, must have been verj- rigid.

The era of the cave bears embraces several thousands of years. During this

period the temperature in Europe was less inhospitable, but on the approach of

the epoch known as that of the reindeer a recurrence of intense cold must have
taken place.

It is now some 30 years since the statement was authoritatively made in

Switzerland that the glaciers had, at a geological period of the earth's histoiy

which can scarcely yet be considered as having passed away, occupied a far

wider extent than at present, and not only descended to the level country, but
piled themselves to a considerable height against the wall of the Jura, opposite
to tlie Alps. Regarded at first by the older geologists as a rash and visionary

hypothesis, the glacier theory has continued to gain ground, basing itself on
researches restricted to no latitudes, but laying under contribution alike the north
and south, the mountains and the valleys

; so that in these later times its most
bigoted adversaries will scarcely venture to deny that it has always followed
with scrupulous steps the observation of facts, and has never accepted anything
as proved which could not be established by direct reference to the glaciers and
ai'ctic seas of the present daj^

The rocks of Norway and Sweden, as well as those of Iceland, are in so many
places rubbed away, scratched and furrowed, that it may with certainty be
assumed that the agent by which these phenomena were produced has been in

operation over the whole region, aud that where they fail to appear they have
been obliterated by subsequent influences, particularly elementary abrasion.
The polished and fun-owed surfaces, all tending in a certain direction, are found
at a height of 5,000 feet in the Norwegian mountains, so that few peaks and
ridges rise above the level of the phenomenon. This has undoubtedly greatly
contributed to the uniformity of outline in the mountain chains of Norway';
while in tiie Alps, where the height of the phenomenon reaches 8,000 feet, the
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uniformly rounded summits, tlio bellying convexity, as it is called, of the sur-

face sliow themselves only below that limit, and above it first commences the

peculiar form, the individualizing structure which gives to the whole chain so

striking and sublime an efl'ect.

As in all other mountain ranges, these scoured and furrowed surfaces stand

here in the most exact parallelism with the heaps of gravel and sand, as well as

the boulders, which occur now on the sides and now on the beds of the valleys,

and which have evidently been transported from far distant localiiies. In Scan-

dina^^a, equally as in the neighborhood of the Alps, hundreds of places can be

pointed out where blocks of enormous weight and magnitude with sharp edges,

and which can therefore by no possibility have been rolled, are found leagues

away from there place of origin and deposited on a substratum of rock Avidely

differing from their own structure. The direction of the furrows and striae on

the abraded surfaces accords with the route which these blocks must have fol-

lowed in then- migratory movement ; as it shows also the points from which the

moving force derived its impulse.

In various charts the observations made in kScandinavia and Finland respecting

the form and arrangement of these abrasions have ])een collected and compared.

Conformable for the most part with the direction of the great valleys and the

general slope, the highest point of which is found in the long coast-chain of

Xorway, there are yet points where isolated mountain summits rise, as in the

Alps, to a loftier altitude, and from these the traces of the abrasion radiate into

the subjacent valleys.

From a collation of the phenomena under consideration, the abraded surfaces

\\ath their rounded outlines and linear furrowings, the angular and unworn
en-atic rocks, the accumulations of gravel and sand which cither run along the

sides of the valleys or form in their beds transverse walls or ramparts, convex in

the direction of the descending slope, there can be no longer any reasonable

doubt that we have before us in these phenomena the work of glaciers—glaciers

which once covered all the surfaces on which this assemblage of phenomena pre-

sents itself, and which therefore overspread as with a continuous roof of ice the

whole of the Scandinavian peninsula and Finland.

M. Kjerulf, of Christiania, calls notice very justly to the observations of Dr.

Rink, who passed several years in Greenland and there attentively studied the

ice envelope of the interior country. A continent of wide dimensions, not

smaller than the whole Scandinavian peninsula, is here seen covered with an

enormous ice-crust, which attains a height of 1,000* feet, and which exhibits a

general movement from the interior towards the western coast. Slowly but

steadily does this mass, bearing its adventitious freight of rocks, glide downward
to the sea, where it breaks off" in immense fragments ; and it is these fragments

which as icebergs, often of colossal size, are borne l)y the ocean currents even as

far as the latitude of the Azores, melting away gradually in thek progress, and
depositing their rocky burden on the bottom of Ihe sea.

Precisely the same phenomenon was once exhibited in Norway, Sweden, and
Finland. The land was hidden under a vast covering of ice, which earned down
towards the sea the pebbles and gravel, or, if the expression may be allowed, the

emery which served this stupendous polishing apparatus as a substratum. The
whole mass of Norwegian rock was \vorn down and striated as wo now see it

;

but the Ai'ctic ocean itself which surrounded this pre-historical Greenland stood

at first deeper than the present one ; for at many points the abraded surfaces,

with the furrows well preserved, stretch down under the water. If this cu-cum-

stance be not of itself sufficient to explain the refrigeration of this northern

region in a degree equal to that of Greenland, it is to be considered that the greater

elevation of the land above the sea must to some extent have co-operated to that

* 2,000 feet pevpeuJicuUu" at tho lieads of the fioi'ds which iutersect the coast. {LyelVs

Ant. of Man.)
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effect. But where surfaces abraded by tbe glaciers show themselves under the

present sea the water must certainly have once stood at a lower level, for the

ice descends not beneath the ])lane of the sea, but is melted and nnderaiined by
the latter, as is witnessed in the case of the polar glaciers, under which explor-

ers have found it practicable to penetrate at ebb tide to considerable distances.*

The sea meantime climbed upwards, the land became wanner, the general

ice-envelope melted, the loftier ridges came to light, while the glacial mass sep-

arated into isolated glaciers which tilled the valleys to their mouths. Now, first

occur distinct moraines, as in the glaciers of to-day, lateral moraines, tenninal

moraines, ramparts of rock heaped in lines, of which the outermost stretch to the

present coast, while the innermost rise to a certain height on the walls of the

valleys, or form barriers across them, where they denote the halting point of the

retreat before .the sea. The sea followed to the height of some 500 feet, for at

this elevation are found banks of shells containing mollusks which belong to the

Arctic ocean. At the same time the mighty masses of ice, as they melted, gave
forth streams which, dannued up here and there by the terminal barriers of the

glaciers, formed inland seas, Avhile the tine material, which all glacier currents

bear along with them in great quantities, settled down in the form of clay, marl,

and sand. The ocean on the one side, the inland waters on the other, plied

their work of erosion on the older masses underlying the ice envelope ; the gla-

ciers continued to bring down erratic blocks which, after being long chari-

oted on their icy vehicle, finally sank on the sites where we now fintl them.

And thus was gradually brought about the geological period, in which the gla-

ciers extend only at a few places to the sea, or else impend at a considerable

height above its level, while in the bosom of the valleys reigns, for the most

part, a mild and genial climate.

This prehistorical glacier period of the north is no romance ; its consistency

with observed facts is undeniable. The series of these facts is thus given by M.
Kjerulf:

What do we find to be the prevailiag arrangement among these glacial masses piled tip

and distributed by the sea? Undermost, where they could not again be subjected to the

action of water, sand, and rolled stones, that is to say, scoured sand and stones. In these

we have the material which was moved forward under the pressure of the ice over the face

of the rock. Would we learn the direction of the scouring process, it is to the blocks thus

moved that we must have recourse. As these are mostly broken to pieces, small and rounded,

they have been called "rolled stones,"' though this, strictly speaking, is an improper name,
and they might more properly be called "scoured stones." They have not been rolled, but

have been reciprocally crushed by one another, and fixed in the ice, like the diamond in the

graver's biuin, they have traced furrows and strise in the subjacent rock. Above the scoured

sand banks of rolled stones lie the different sorts of loam ; tirst, calcareous loam, ra^rl loam ;

in precincts open to the waters of the glaciers, sedimentary lime and loam brought down
from the siluj-ian strata; next shell loam generally, where the elevation was not too great or

the currents of cold, fresh water, produced by thawiug, not too powerful ; then brick earth,

without shells, referable perhaps to an age when the inundation of the interior country was
at its highest ; then sand, and on the top of all sand loam.

The great erratic blocks first occur above the beds of scoured stones, loam,

and sand; in Scandinavia they have been brought into the position in which we
now find them in some instances by cakes of lloating ice, but for the most part

by the glaciers themselves.

We have thus a long tract of time before us, during which a state of things

like that now existing in Greenland prevailed, and an icy ocean washed tiie

* The statement given by Sir Charles Lyell, in his Geological Evidences of the Antiquity
of Man, varies in some respects from the views of the text: "When these masses of ice

reach the friths of Greenland they do not melt or break up into fragments, but continue their

course in a solid form under the salt water, grating along the rocky bottom, which they
must polish and score at depths of hundreds, and even of more than a thousand feet. At
length, when there is water enough to float them, huge portions, having broken off, fill

Baffin's bay with icebergs of a size exceeding any which could be produced by ordinary
land glaciers." {Chap, xiu.)
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glacier-crowBed coasts of Scandinavia and Finland, wliicli together constituted

at that time 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, with

rolled or scoured stones, which have all been derived from Scandinavia and
Finland, and whose southern limit is determined by the elevation of the land
which passes under the name of the Weser chain, the Hartz and Erz mountains,

and the ItiesengeVnrge. To the east the limit of these erratic blocks winds
through the Russian lowlands to the Ural, and thence around to Finland by so

regular a curve as to be almost susceptible of being described with a pan- of

compasses on the map. Here, then, we have the circle of dispersion of the icy
' ocean in question, within which the blocks were stranded, and from the chcuit

of which it is at once to be discerned that the Scandinavian-Finnish region

was an island, and that abroad arm of the sea connected the present Arctic ocean
and the AVhite sea with the Baltic.

II, More than 20 years ago, an English geologist. Smith, came to London
with a collection of shells, which he laid liefore the director of the appropriate

department of the British museum, with the request that he would pronounce
on their value and import. " My dear sir," said the director, after a cm-sory

examination, "you liave been taken in by some whale fisher; these are muscles
which have been picked up on the shores of the Arctic ocean, but they are in

bad condition, weather-worn, and in part broken to pieces, and are at best only

fit to be thrown into the street." "I did not buy the shells," replied Smith; "I
collected them myself from a stratum of argillaceous earth on the banks of the

Clyde, in Scotland, where they form an ancient sea-beach." Nor was there in

this any misrepresentation ; there exists in Scotland a formation which contains

a complete arctic fauna of the class of shells in question.

Since that time such researches have been multiplied. In the whole extent

of the North American continent as low as New York, in England and Scotland,

in Scandinavia and Finland, and far to the east among the w'astes of northern

Russia, occur everywhere the same formations ; banks of rounded stones,

[Sclteucrsfetne,) with superincumbent clay, marl, and sand, containing the speciric

mollusks of the high Arctic seas, or such kinds as only attain their full dimen-
sions in those waters, but which degenerate more and more in size as they

approach a southern latitude; whence it is to be inferred that their true home
must be sought in the higher regions of the north.

Quite recently Sars, of Christiania, has directed his special attention to the

shell banks, which occur in southern Norway, and has, with his characteristic

sagacity and knowledge of the distribution of individual species, coml)ined the

results of his observations. From the collections of shells as well as from their

geological stratification, he has been enabled to distinguish two difierent groups
of shell deposits, of which one corresponds to the highest advance of the Arctic

sea, the other to the later epoch of its retreat. To the former are related the

nioiX3 elevated accumulations of shells, which rea(;h a height of more than 400
feet above the present level of the sea, and the deposits of loam which lie imme-
diately above the gravel and rounded stones, attaining at most a height of 240
feet above the sea. These are the lines of strand and the more deep-lying deposits

of the glacial sea at the period of its greatest extension. In these dejjosits of

the sea, at its highest elevation, there are found, according to ]\I. Sars, either

species which occur only in the north of Norway, and on similar glacial lines of

coast, or else such as, when met with in South Norway, England and Scotland,

evidently languish and contrive to subsist only under a diminished form ; while

on the north coast and in the Ai'ctic ocean, where the full conditions (jf their

existence are present, they attain the size which they exhibit in the geological

strata. Here, then, the high northern fauna fiom-ished in its tallest devek)pment,

and those species which at present only reach their full size and complete organ-
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ization in a glacial sea, maintained them at that distant time in one which
washed the southern coasts of Norwa}'. A further note-worthy fact results from
these researches of M. Sars. There exists on the northern and western coasts

of Norway a beautiful coral, which forms large rose-colored l)ranches, and which
is only found in the rocky chasms of the ocean, at the immense depth of 900
to 1,000 feet. 0. Vogt collected some pieces of this coral [IjophcUa prolifera)

during an excursion to the I*i{)pertind glacier, where the poor Laplanders of the

coast, in fishing for cod, had probably brought it up from the sea with their

angles.

This coral likewise occm's in the older shell-strata, but only in those lieds which
lie almost immediately on the beach of the sea, or under its level at a depth of

from 60 to 90 feet. In these old submarine banks of shells the stems of the

coral are still adherent to the rocks, but they are all dead, since the depth of

water requisite for their life is wanting. These facts admit of an easy explana-

tion. At the time when these zoophytes lived, the sea stood some 600 feet higher

than at present, and, of course, there was the depth of water required for their

existence.

Above these older strata, with their testacea of the high north, lie now the

more recent shell-strata which ascend to a level of some 300 feet, and coiTe-

spond with the period of the retreat of the glacial ocean. Ilere the remains of

the same shell-fish occm*, which live at present on the south coast of Norway,
though isolated species are also present, derived from the arctic fauna. The
arctic species had in general withdrawn towards the north as soon as the retreat

of the sea commenced, while the temperature of the subsiding waters became
like that which now prevails along the coasts of Norway.

All these results are further confirmed by discoveries recently made in the

depths of the great Swedish lakes, the Wettersee and the Wenersee, and which
have been described by Loven from his own observation. In efiect, there have
been here captured specimens of Crustacea, several species of which, though very
diflerent from those now living in the sea, are clearly related to marine forms;

among these a species, Misls rclicta, (Geisselkrebs,) whose congeners live alto-

gether in the ocean, and those resembling this- new variety only in the most
northern latitudes. Another, of the species Gammarus loricatiis, which is,

thus far, found only in the Ai'ctic ocean, in Baffin's l)ay, Greenland, and Spitz-

bergen ; the Idotlica entomon, (Schlachtwurm,) which only occurs in the Arctic

and the Baltic ; and still another, a small Pontoporcia affinis, whicli is still found
in the Baltic, but whose related species only occur in the Greenland seas. These
singular discoveries show clearly that the Wenersee and Wettersee, the former

of which has an elevation of 300 feet above the present plane of the Baltic,

Avere formerly in communication with the general ocean. At that time, therefore,

these lakes were deep fiords, colonized by a marine fauna which altogether

resendjled that of the polar ocean, and the period of communication undoubtedly
corresponded with the higher advance of the glacial seas as indicated in Nor-

way and Sweden. The sea subsided or the land was upheaved ; the inlets

were more and more detached, and finally altogether se})arated from the sea,

and have since slowly and gradually been filled with fresh water ; this change
having been effected apparently as well by sources in the bed of the lake as by the

few tributary streamlets. Now, few marine animals endure the sudden transition

to brackish water, and fewer still, when the change is very gradual, allow them-
selves to be borne over into it. The colony of the sea gradually died out,

leaving in the depths only a few Crustacea, which, as has been seen, correspond

in part to the species of the Baltic sea, and in part to those of the Arctic ocean.

But there are other not less interesting conclusions to be drawn from these

few species existing in the lakes of the interior, as well as from most of the

species of fish now living in the Baltic. In general there can be recognized a
dose relationship with polar and arctic forms, even when the species are not the
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same. In general, also, there is a diversity ol^serv^able as regards the species

living on the western side of Norway. From this, as well as from the difference

of the testaceii, which are met with in the older deposits, Loven has very justly

infenxxl that the basin of the Baltic was once connected with the Arctic ocean

by an arm stretching eastwardly over Lakes Ladoga and Onega to the White
sea, bnt was, on the other hand, separated by a naiTow strip of land or isthmus

from the western ocean, with which it now communicates through the sound.

This separation must first have taken place when the glacial sea was on the

retreat. Testaceous beds are met within the region of the ea^stern sea at an

elevation of 130 feet, and these con-espond in some species with the arctic char-

acter. But, as Loven properly remarks, the fortunes of the glacial fauna of

the east differed from those of the same fauna in the west. The basin of the

Baltic was by degrees Avholly separated from the polar seas, and the water, by
progressive freshening and depression, became more and more unsuitable for

arctic life ; while, at the west, the sea suiTouuding the southern coasts of Nor-

way stood constantly ki open connection with the Arctic ocean, yet gradually

acquired during the retreat a higher temperature, so that the northern fauna was
driven thence, and was replaced by southern forms. This substitution did not

take place in the Baltic. The opening of the sound at a later period brought

into that basin no new species from the western sea. The Baltic basin, tliere-

fore, grew poor through the dcpcrdition of unreplaced species; while the w'estern

sea, by the accession of the fauna. l)elonging to warmer waters, acquired new
afflueiice.

Middle Europe also has had its glacial era. On l)oth sides of the Alps, in

the Vosges and the Black forest, in the P^'renees and other great mountain

ranges of Europe and lesser Asia, the stone barriers and erratic blocks, the

rolled pebbles, the polished and grooved rocks, which speak so plainl}^ of gUv
cier action, have been pointed out.

At the time of the so-called reindeer epoch, an advance of the glaciers took

place for the second time, and this in consequence of a great inundation which

was slow in attaining its ultimate limits. By this incursion, most of the low-

lying tracts of Europe w'cro laid under water. In Belgium, according to Dupont,
the flood must have reached a height of 450 feet. To this inundation are to

be ascribed the masses of gravelly clay, or calcareous mud, which have covered

a i^art of France and Belgium.

The C(dd during this new overflow nnist again have become intense, but not

so formidable as during the great glacial ei'a. As most caverns were submerged,

and men were forced to withdraw into the more elevated regions, a chasm pre-

sents itself in the paleo-archeological documents of this period, which, i'rom the

indications we possess, embraced several thousand years. Glaciers are not sud-

denly melted ; valleys do not soon become filled with alluvium reaching to a
height of some hundreds of feet on their side-walls ; tracts of country and
mountain chains cannot be heaved, at a jerk, as it were, into the air and raised

high above their previous level. Processes of this sort requii'e time, much time

;

and it is only by slow degrees that a state of great refrigeration, even when its

causes have ceased, is transmuted into one of warmth and comfort.

After the final retreat of the waters, the caves would again come into the

possession of men, and numerous and valuable proofs of human industry be
prepared, which have been presenxnl even to the present time.

Here commences the true reindeer era. The reindeer, as the most charao-

teristic representative of the northern fauna, had, beyond a doubt, inhabited,

with the cave-bear and maumroth, the south of France. But it is at this period

that it first makes its appearance in great numbers. It now spread in large

herds as far as the Pyrenees, leaving no grounds for supposing that it had been
introduced l)y man and kept in ancient folds. On the contrary, it lived here in

its wild and naturally free condition. Tiie last mammoths were yet alive, as
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were also the rhinoceros and the great tiger. But the hyenas and the cave-

bears existed no longer in middle Europe. An entire fauna of the larger ani-

mals l)ecomes extinct, and man witnesses its disappearance from the earth.

The anthropological facts which we possess in regard to this far distant time

are of course not ver}' numerous, but not the less do they enable science to gather

the general characteristics of the human race whicli lived at the reindeer era and
in the period of stone implements which followed it. The stature of that race

was small and tlie head round, (l)rachycephalous,) the face broad and square, the

hair black.* The skull was usuallv thicker than with men of the present dav.

Nor is there anything which announces that the people of the reindeer era were
jiarticularly intellectual. From negative proofs it may be inferred that man at

that remote period believed in another life, but there is nothing on which we can
found an inquiry as to forms of worship. We find no figures or symbols which
point to a veneration of idols. There has, indeed, been discovered a rude figure

of a woman, carved on an elephant's tooth, but the idolatrous destination of this

relic is not generally recognized. But while no religious idea can well be
attached to it, it affords a proof that an advance had been made in art, which we
cannot but consider highly creditable for this dawn of its development. The
Marquis de Vibraye, to whom Ave owe this discovery, remarks:

The man of the earliest ago makes himself knowu through his works ; he connects himself
throuorli his relics with the extinct animals; and finally becomes the rcvealer of his own
existence by bequeathing us a representation of his corporeal figure.

Besides this rude female image, there is also a naked human figure, which
seems to bear a staff on the shoulder, that has come down to us on a piece of

reindeer's horn. The meagreness of the haunches and thighs, the prominent
belly, somewhat reminds us of that type of Australian savages which we have
learned to recognize from frequent representations by travellers, as for instance,

fi-om the atlas annexed to the voyage of Dumout d'Urville. The head is

delineated only by a circular line. Accompanying this figm'e are two horses'

beads, the neck of one horse being partially veiled by the human form, which
again is closely followed by what is apparently intended to represent a reptile of

consideral)le length, perhaps a serpent, but, judging from the shape of the head,

body, and tail, with some traces of fins, more probably a large eel trailed along

by the person in advance.

To the human figures in question is limited the personal representation which
has so far descended to us, of the race of men living at the period of their execu-

tion, and it may well be supposed that they afford imperfect grounds for ethno-

logical deductions. Yet, rude as they are, they do not want a certain interest

arising from the consideration that in presenting the human form entirely nude,

Uiey may, perhaps, indicate that such was the habitual condition of that ancient

population, an inference which the climate of the south of France, at least in

summer, would render credible.

The discovery at Aurignac has already initiated us into the ))urial rites of the

oldest known period of our race, nor had the man of the reindeer age changed
the ceremonial which tradition had handed down to him. The grotto of Frontal

at Furi'ooz, in the neighborhood of Dimant, disclosed very nearly the same pecu-

liarities as the sepulchral cavern of Aurignac. The remains of thirteen human
bodies, thrown one upon another by the floods of the diluvial era, have been here

discovered at a depth of 51 feet under the gravel, and at an elevation of 390
feet. The entrance of the grotto had been originally closed with a flat stone,

but this barrier has been destroyed by tlie irriq)tive waters. Two skulls only

remain entire; as yet, however, the conclusions to which these curious relics of

*Tiiis rouud-heailed race disappeared in great part after tlio immigration of the Aryschen
race (dolichocephalous or oval-headed) from Asia, but it has not wholly perished. Accord-
ing to Nieolucci, it is still found in Hungary (the Magyars,) in Liguvia, in the country of
the Basques, in Finland, Lapland, &c.
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the antideluvian era may conduct tis, liave not been discussed. According to

Beneden and Dupont, there is a great difference between the two remaining
skulls: the one is orthognathous, that is to say, with the teeth and bones of the

chin in a riglit line, while the other is prognathous, ha\ang the jaws and teeth

projecting; still the latter is said to have a higher forehead, and the ca\aty of

the skull a greater capacity. Together with these remains was found an m-n,

which, unfortunately, is broken to pieces. In this we have the oldest extant

specimen of the yet infant art of pottery. This buinal vault contains, besides

the above objects, instruments of stone, an awl and needle of hono, an arrow point

and an articulation of the foot, which has evidently been WTOught into some instra-

ment. Thus it appears that the men of the reindeer period, like those of the

ago of the cave-bear, were accustomed to deposit with their dead objects of

industry and ornament, which the deceased had doubtless been in the liabit of

using. As regards the bones of foxes, goats, and wild boars, which are also

present, it is uncertain whether they have been borne hither by floods or are the

remains of ollerings which, as at Aurignac, have been set apart for the deceased.

In the wide space before this cavernous sepulchre have been found numerous
implements of stone and reindeer's horn, and, moreover, traces of a hearth, which
probably indicates that a funeral feast had been held at the entrance of the

cavern.

The people of the reindeer era Avere not acquainted with husbandry, and as

little with the domestication of animals.* No instruments for fishing have been
recognized. If the weapons of the age were still imperfect, they answered all

necessary purposes, for Ave have already had occasion to notice the skill with

which barbarous races of men contrive, with but rude instruments, to slay the

swiftest and fiercest animals.

The beasts Avhich lived cotemporancously Avith man were, at this period,

besides the reindeer, Avhich had now attained its Avidest distribution through
middle Europe, the folloAving: the aurochs (Bison cifrojjociis,) the horse, AA'hich

has improperly been regarded as differing from that of the present day, the pri-

meval ox (Urns j^fiiiii^/cniiis,) the musk-ox (Bos moscliatus,) the deer Avith

collossal antlers (Mcgaceros hibcrnicus,) the elk (Ccrvus alces,) the roe-buck

(Cervus damaj the wild goat, the chamois, the wild boar, which Avas either rare

or its flesh not eaten, the glutton, the beaver, lemming, a species of hare, (Lago-

ini/s,J and the marmot. Among birds, Ave may mention the great auk, the heath

cock, the moor-hen, the sno\A-y OAAd, &c. It afibrds an ai-gument for the prevar

lence of a great degree of cold in our region at the time in question, that the

gi'eater part of the animals just cited li\^e most generally at the present day in

high northern latitudes, or on the snoAV-covered peaks of the Pyrenees and Alps.

The musk-ox descends in America only to the parallel of 00°, and habitually

frequents the limits of perpetual snow.

In this reindeer period, the use of metals Avas unknoAvn. Mankind continued

to avail themselves of stone for the construction of their implements, though,

together Avith this, they occasionally employed bone, horn, and ivory. There is

evidence that the commerce of men at this time already extended to considerable

distances. The population of Belgium, for instance, sought for silex in Cham-
pagne, Avhich they might have found still nearer, in the vicinity of Maestricht

and in Ilainault. From this it may probably 1)0 inferred that, in certain direc-

tions, communication Avas attended Avith much difficulty. Bridges and artificial

roads there Avere none, nor is there anything to show that resort Avas then had to

*A fragment of a reindeer's skull, whk-h still contained the arrow-bead of stone with which
the animal was slain, shows that the reindeer was hunted as a heast of chase. It has also

been observed that the cartilage was still attached to bones which have been thrown away
by niau after the extraction of the marrow, and that the edges of the fractures thereby occa-

sioned are still sharp, which Avould not be the case if the dog had been at that time a domes-
ticat-ed animal.
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boats for the passage of water-courses. Unwieldy rafts were seemingly the only

means of conveyance when inundation or other exigencnes stimulated the earliest

attempts at navigation. To travel in nnknovvn regions, standing thick with

woods, where no trace marked out the way, was itself a circumstance Avell calcu-

lated to repress adventure; yet not the less did these Belgians hohl communica-
tion witli what is now known as Touraine, a fact which is satisfactorily proved
to US by discoveries made in the cavern of Chaleux.

Human food was chiefly animal ; the horse and reindeer furnished its principal

staple. But the bison, the great ox, the goat, the chamois, were also eaten, and
even the rhinoceros, when he could be mastered. The marrow and brain of

animals were coveted as luxuries by a race, which did not, however, disdain the

water rat, if tlie chase had been rewarded by nothing more acceptable. In the

cave of Chaleux, Dupont found in the vicinity of the hearth more tlian 20 pounds
weight of bones of the above animals, some of which had evidently undergone
the action of &e. Yet, as the organization of the human frame is shown, even
by its dental system, rather more adapted to a diet of fruits than of flesh, it may
readily be supposed that this primitive people laid the forest under contribution

for something more than its contingent of animals. Acorns and chestnuts at least

must have entered into their dietary with the horse and reindeer, and while it

would be vain to challenge any proof of this, it must be considered that such
articles could not fail totally to disappear in the lapse of so many ages. It would
l»e difficult, in the midst of our civilization, to form a conception of the imcleanly

customs of this reindeer e[)och, and, indeed, even of times still later. The bones
left from their meals were carelessly thrown into the corners of the cave, filling

it, of course, with putrescent miasmas. To find at present an analogous condition

of things, we must go to the Esquimaux, who live towards the north pole. Like
the latter, the people of whom we have been treating cared little for the accumu-
lation of filth in their habitations, but here, at least, the winds had free access,

and would, to some extent, expel the gases of decaying animal remains.

All caves in Belgium, France, England, &cc., which were easily accessible,

and provided with a sufficient opening, were inhabited. In the middle was the

hearth, paved with sandstone or slate, and around this the fomily gathered during

the season of intense cold. There were caves also, which being too much exposed
to the 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 affording

the clearest evidence of having been inhabited by men. Are we justified in

concluding from this, as Professor Owen has done in regard to the inliabitants

of the cave of Bruniquel, that mankind in the reindeer era devoured the flesh of

animals raw ? It is not, however, in caves alone that we find traces of the habi-

tation of men. Numerous dwelling-places have been recognized, especially in

Perigord, which were established under the open sky, in the neigliborhood of

water-courses, and sheltered by a sloping bank or overhanging rock. Here have
been detected layers of ashes, bones which have been crushed, weapons, imple-

ments, and even the crude essays of a primitive art.

For clothing, at this era, man had recourse to the skins of animals. That
these were stripped off for this purpose there is, singularly enough, adequate evidence
still in existence. Incisions made in certain bones, and particularly in the skulls

of reindeers close to the antlers, can only be supposed to have proceeded
from the act of flaying. Kumerous instruments everywhere collected, and which
could have served for nothing else bat scraping, show that the hair ^^•as in some
cases removed fronr the skin. Means were probably known for making the hide

pliable, so that it might serve for clothing in summer, while for winter vesture

the fur would be preserved. We can of course know nothing as to the fashion

in which the man of the reindeer age shaped this clothing, 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 fui'nished with an eve

23 s
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testify ])lainly cnougk to .the practice of sewing. We know also that for thread

the sinews of ruminating animals, especially the reindeer, were employed. The
long shank-l>ones of these beasts often present a transverse incision, just at tho

point where the lower end of the great tendon is inserted.

It may appear somewhat surprising that a taste for personal adornment should

have insinuated itself among the hard necessities of such a state of existence

;

yet such a taste there was, if of a very humble description. Bracelets and neck-

laces were then worn, sometimes composed of strings of shells, as well of fossil

as still surviving species, sometimes of the teeth of different animals. The
ivory-like part of the ear-bone of the horse is also found pierced, probably w'ith

a view to being worn on the neck. The canine teeth of the greater carnivori

(tiger, wolf, lynx) were often pierced for the same pmi^ose. On the tooth of a

bear has even been found the carved representation of a bird's head. In fine,

from the old dwelling sites of this period have been gathered pieces of fluor-spar,

jet, silex, and copper ore, all alike perforated in the centre, besides other objects

which have a semblance of having served as amulets. The cave of Chaleux,

near Dinant, in Westphalia, has furnished 54 shells of fossil testacea, which it

is clear can only have been brought from Champagne, where it is probable they

were picked up by the ancient Belgians when they resorted thitlier for silex.

Most of these shells have the central perforation, which denotes their destination

for the toilet; no very costly ornamentation, it is true, but something foreign and
exclusive, and not to be obtained by everybody.

The weapons and implements were in the reindeer period of an improved con-

struction wlien compared with those of the age of the cave-bears. The weapons
consisted of lances and javelins, but the stone points of these were more finely

cut. The arrow-head of stone, without barbs, was not discarded, but a preference

was given to arrows made from bone, or the horn of the stag and reindeer, and

elaborated with more art and diligence than those of stone. Some of these have

been found, which are furnished with barbs on both sides, and specimens occur

in which the barbs are hollowed out, as if for reception of a poisonous substance.

The number of barbs is from four to six, ranged alternately on either side.

Lartet has discovered in Perigord a dagger of reindeer's horn, on the hilt of

which is to be seen the rudely carved image of a reindeer. The points of arrows

and lances thus furnished with barbs may have served alike for the chase and for

fishing. We know that in the hands of the South Sea islanders and the Esqui-

maux these barbed points, however clumsy they may seem, are no despicable

weapons on land or in water.

Very numerous are the utensils and implements found in the caves and at

other primeval dwelling sites of Perigord and Belgium. First among them may
be mentioned small saws, being pUites of flint, dexterously notched or dentated

along the edge. This instrument was used to divide the antlers of the reindeer,

a circular incision being made with it in the horn, which was then broken.

Knives or blades of flint, generally small ones, are everywhere plentiful, as are

also implements 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 the hammer. Among objects

prepared from other substances we distinguish awls of bone and needles of btme,

horn and ivory. Both instruments have been found in different places. There

are, besides, instruments for smoothing, such as are in use among the Esquimaux
to press the seams of tlie skins worn for clothing. Spoons of bone or horn also

occur, set off with a certain primitive ornamentation, and used probably to extract

the marrow from bones. We find, further, hunting whistles pierced with a round

hole, and formed from the first joint of a deer's foot; also knuckle-bones, used,

as now, in sports and games, together with many other objects, whose purpose

has not been determined.

Among the stone instruments particularly worthy of note are the augers or
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gimlets wliicli were employed to bore larger or smaller holes in bone or horn.

When teeth and bones were first found, now presenting needles pierced with a

small eye, and again containing holes as much as an inch in diameter, and these

quite round and thoroughly perforated, explorers attempted to produce similar

holes with the usual stone im]:)lements; but in vain : the points splintered, and
no sucli hole could l)e wrought. There were English philosophers who asserted,

especially in view of these failures, that perforations of this sort could not be

made without metal. Now, M. Lartet has discovered certain implements of

flint, large as well as small, whose points, instead of being made sharp, are

roughly cut, so as to form angles not unlike those of a crystal. It occurred to

him that these had served for drilling the holes in question. He therefore fixed

one of these pieces in the cleft of a stick split for the purpose, and by dint of

turning it between both hands to and fro, found that it performed the work of

boring with great success. The communication of this fact has satisfied scepticism

as to the destination of these instruments, which are found in considerable quan-

tities and of diflPerent sizes.

At Tayac and Eizies have been foi;nd pieces of quartz, either round or quad-

rangular, which have been hollowed out in the middle. ]M. de Vibraye con-

jectures that they were used for grinding grain, but most of them are too small to

have served for this purpose. jM. Lartet is of opinion that they were made use

of in kindling dry wood by rapid attrition.

The people of the reindeer era manufactured by hand, and without the help

of the potter's wheel, a sort of rude earthenware of a black, gray, and yellow

color, al.l tinged more or less with red. The clay was commonly mixed with

quartzose sand, the better to withstand the action of fire. A circular mark
formed the sole ornament. These imperfectly baked vessels, of which only

fragments have been found, are not, however, the oldest specimens of the fictile

art in existence. Traces of it have already been discovered in three grottoes of

the age of the cave-bears. In 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 l)e the receptacle of the water brought in skins from the brook.

To render the utensil lighter, superfluous parts would be removed, and it would

be dried in the sun, in order to harden it. Still later, man learned to mould rude

vessels, which he exposed to the heat of the hearth to procure a degree of hard-

ness greater than that produced by the sun's raj'S. Such were the humble begin-

nings of an art whose finished performances sm*prise and delight us in the fabrics

of Dresden and Sevres.

III. It is now known that the populations 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 the instruments of horn which have been found are susceptible of

explanation from the necessities of common life, and from the instruments which
have been used at later periods, such is not the case with a class of objects

whose signification and use had not heretofore been imriddled. These consist

for the most part of the entire stem of a reindeer's antler, frequently with one or

more prongs, especially that next the root, alwaj^s smoothly polished, and at

times charged with a simple linear ornamentation. But in the generality of

cases these stems, more than a foot in length, arc furnished with holes, which,

to the number sometimes of four, are seen ranged one after the other, while

the whole length of the stem is ornamented with curiously carved lines and
figures, among which horses and reindeers are particularly numerous. In the

International Exposition of 1861, among the olijects sent by the savages of

Vancouver, figured just such a staff", jiolished and bearing engraved lines
;
pro-

bably an ensign of command or rank. ]\Iight we not assign to the ancient staff

the same signification, and consider the holes and figures as bearing, in their

number and size, some relation to the circumstances of the owner ?

We have thus arrived at the most striking of these relics of a remote antiqoity,
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for from no other source probably can we derive sacli distinct ideas of tlie life

and habits of the reindeer hunters of southern France as from the remarliable

representations of the animal world which we find engraved chiefly on these

remnants of reindeer horn, but sometimes also on pieces of bone, ivory, or slate.

Thus far, indeed, and until further indications offer themselves, we mnst ascribe

the practice of this primitive art solely to the population who, within a circum-

scribed space, inhabited Dordogne. The representation of real objects for the

purpose of ornament is, in this case, the more remarkable, inasmuch as in far

later times, those namely of the pile-constructions of Switzerland and the stone

age of Denmark, no trace of such an application of art is to he met with ; on
the other hand, however, indicative in form of a certain degree of taste, the orna-

mentation of these later ages is altogether confined to a combination of different

lines, of angles, circles, zigzags, &c., and never consists in an imitation of either

animals or plants. We should certainly have obtained a much clearer knowl-
edge of the social condition of men in the time of the pile-structures if we pos-

sessed in reference thereto representations similar to those which the reindeer

caves of Dordogne have supjilied ; for if these convey to a certain extent illus-

trations of the hunter and fisher life, the pile-builders, had their art taken the

same direction, would doubtless have bequeatlicd to us images, carved upon
horn or other material, illustrative of their husbandry and domestic industry.

This difference can perhaps only be accounted for through the original genius of

the races, as it can hardly l;»e supposed that in the narrow district of Perigord a
particular population should have flourished, together with the whole northern

fauna, as it were upon an island, and only at a later period attained that higher
degree of art which distinguished it ; and the less, as cotemporary deposits from
other caves show nothing of the sort. Thus the museum in Geneva contains a
truncheon of horn from a grotto at Saleve, which marks the eastern point of the

reindeer caves ; and this instrument, while it is bored through the end, and the

general workmanship is the same as in Perigord, nowhere exhibits any other

than the common linear ornamentation of the period.

It is a fact worthy of note that in all the figures yet found, no plants, but
only animals, are represented. This circumstance may not be without its signi-

ficance in the absence of all proofs of a veg'etable diet on the part of these hunts-

men of the reindeer era. Yet it is to be observed that this defect of vegetable
forms plainly harmonizes with a certain vivid feeling of the artists for the repre-

sentation of movement. Animals stationary or in repose are extremely rare.

Reindeers, as well as other animals of the deer species, are shown in rapid flight,

as testified by tlje head bowed back upon the neck, the outstretched legs, some-
times by the gaping mouth and panting nostrils ; at other times they are repre-

sented in the act of springing, with the fore legs bent back beneath the bod}^,

the hinder legs stretched stilily out behind. The climax of this infant art seems
to have been reached on a sheet of slate in the possession of the Marquis of

Vibraye, which is plainly intended to represent a group of fighting reindeers.

One of these struggles while lyino; on its back with its lerrs in the air: another
draws itsell together as in the act of onset ; a third, with head sunk down, has
evidently just overthrown the first.

Assuredly we do not mean to claim for these delineations anything like uni-

form merit, or an exact appreciation of characteristic pecufiarities ; the figures

present sometimes but a stiff and wooden appearance, and we are even left in

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 them more readily if the picture had remained entire. Most
of the figures, on the other hand, evince no mean facility of the artist in seizing

on distinctive traits, so as to enable us at the first glance t(j determine the species
;

though, of course, there can be 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. Tlie reindeer, horse, bison, steinboclv, ele-

phant, are not to be mistaken, and even the peculiar mode of movement of each

of these animals is rendered with great truth. In these cases a certain freciloni

of execution is often exhibited which could only have been acfpiired by much
practice. Now, it is precisely this freedom in the representation of motion which

has inspired many with doubt as regards the authenticity of these relics ; it indi-

cates, they argue, an advanced stage of art, long observation, and persevering

practice of the eye and hand, to render such representation possible, and if the

saints and madonnas of the first Christians are commonly stiff and clumsy, cer-

tainly the products of prehistoric art must be expected to betray this character.

Admitting these views to be somewhat plausible, we may yet venture to oppose

to them the fact that the earliest attempts of Greek sculi)ture are particularly

distinguished by the characteristic conception of motion ; that in the group of

the ^ginetes, for instance, the movements of the figures in battle are rendered

with great felicity, -while the expression of the faces is wholly slighted. It is

altogether the same in the present instance. The art of the reindeer period had
advanced so far as to be capable of manufacturing a stone dagger whose hilt

represents a reindeer in the act of springing ; the horns and extremities ai'e credit-

ably executed, and the movement is perfectly represented; but the skill of 1ho

artist has failed in giving an expression of reality to minuter features.

It may be regarded as characteristic also that these representations, whore they

occur on fragments of some size, always place before us a number of animals of

the same species, and disposed in such a manner as is usual when they move in

herds, being sometimes wide apart, and sometimes so closely crowded that the

body of one covers more or less that of another. Since attention was paid to

this rule of representation, it has been observed that, on the celebrated mammoth
piece hereafter to be noticed, there are certain strokes which, besides the princi-

pal animal, indicate two others of the same species.

If these representations are in themselves highly worthy of our attention as

art-productions of the earliest times, they are even more so in reference to the

objects represented, for these afford us a criterion of the methods of inquiry here-

tofore followed in regard to the animal bones which have been exhumed from the

caves. To many, who want confidence in the rigorous procedures of compara-

tive anatomy, it may perhaps have seemed presumptuous that a savant, having

before him only a joint of tlie foot, the end of a bone or a tooth, should pro-

nounce authoritatively that here a reindeer and not a hart, that there a bison and
not a common ox, has existed ; but when, as now, a verification is afforded by an

exhibition of the entire animal form in its sculptured representative, when it

results from this that he who carved it on the horn must have known the animal,

and accurately known it, in order to portray it in its proper shape, all doul)t must
vanish. The bones of the reindeer and bison could not have been washed hither

in a deluge from the far north and deposited in the southern cavern, as has been

pretended ; the animal must there have lived in its flesh and blood whereto-day

we find its bones and its sculptured figure. Let us see what were the species

known at present to have been thus represented.

Among these the reindeer is by far the most frequent, while its antlers have
in great part furnished the material on which the representation is carved. The
form of the head and horns and the hair of the neck leave no doubt in the deter-

mination of the species. The stag, which occurs more seldom, admits of easy

discrimination. Next follows the horse, evidently of a race with short, thick

liead, short neck, compact body, strikingly similar to the northern race of our

own times. He that has once seen the Iceland horse, as it roams at large in its

native island, will here instantly recognize the original pattern.

On the piece on which is represented the man with horses and an eel, we see

on the other side two heads of bisons, which are perfectly characterized by the

profile of the forehead, the insertion and curvature of the short horns, and the
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profuse crinosity of the neck and head. The hison or aurochs therefore flourished

liere in companionship with man, the horse, and the reindeer. Another figure,

which unfortunately is mutilated, l>ut is distinguished by the fineness of its liair,

seems to point to another of the bovine species difiering from the bison ; nor is

this a matter of surprise, since the testimony of the bones is to the same eiFect.

An animal of the goat kind, probably the steinbock, is not wanting, while some
other figures" of horned and graminivorous species must be acknowledged to be
deficient in point of distinctness.

The most remarkable relic, however, is the representation of tlie primeval

elephant, a real mammoth, on a plate o'f ivory, wdach formed part of a tusk of

large dimensions. In May, 1846, M. Lartet, in company with Dr. Falconer and
Verneuil, both well-known naturalists, caused excavations to l)e made in the

stratum of the cavern of the Madelaine. ''At the moment of om- arrival," says

Lartet, " the laborers disinteiTed five fragments of a rather thick plate of ivory,

which must have been detached, ages before, from a large tusk. After having
fitted the pieces together by their corresponding edges, I pointed out to Dr. Fal-

coner numerous scratches and lines somewhat deeply engraved, which, on collo-

cation, constituted an animal figure. The practiced eye of the distinguished

paleontologist, better versed than any one else in the study of elephantine ani-

mals, at once recognized the head of an elephant. He then directed our atten-

tion to the other parts of the bod}^, and especially to certain tufted lines in the

region of the neck, denoting the characteristic mane of the mammoth or elephant

of the glacial era. It is generally known that this peculiarity which marks
the arctic habitat of the animal, was verified, in the year 17* 9, by Adams, a
member of the Academy of St. Petersburg, in the carcass of such an elephant,

found imbedded in ice near the mouth of the Lena. A bunch of its hair is still

to be seen in the geological collection of the Garden of Plants at Paris.

" I have shown the ])iece in question to competent observers, sucli as Milne
Edwards, de Quatrefages, Desnoyers Longperier, and Franks, director of the

London Antiquarian Collection ; and the latter has, by means of tlie pencil,

rendered the characteristic lines more distinct in the plaster cast which had been
taken of the object.

'' This new fact only tends to strengthen the conviction already accjuired of

the existence of man at the same time with the mammoth and the other large

graminivorous and carnivorous beasts which, according to the geologists, lived

in the first section of the quaternary period. The truth of this historical fact

results from so many concurrent observations and from material facts of snch plain

import, that even the most prejudiced cannot fail to recognize its entire validity,

if they Vvill permit themselves to see and judge with ordinary conscientiousness."

The elephant, thickly clad with hair on the neck, forehead, and 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 and certain marks which are

seen to the left in advance of the line which forms the prolile of the forehead.

Repeated and closer scrutiny of the fragment has enabled us, in the end, to

recognize therein the eye, the outline of the forehead, together with the prol)oscis

of a second elephant, which is advancing close by the side of the first. Some
lines on the leg would lead us to conjecture a third elephant, wliich followed on
the part of the plate which is broken off. The drawing of the figures is exe-

cuted with a free and l)old hand, and the characteristic movement of the elephant,

which raises sinuiltaneously the legs of the same side, is well preserved.

Another memorial of the art of this ancient epoch is an elephant's head carved
on a reindeer's horn, which was also discovered in Perigord by the Marquis de

Vibraye. These two relics are the more interesting as furnishing the proof that

man actually existed as the cotemporary of the mammoth or gigantic elephant, a

fact which has been so often and so obstinately contested. But since the locali-

ties where these objects of primitive art have been found unquestionably belong
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to tlie reindeer period, it is conclusively shown tliat some of the mammoth species

sm'vived to that time.

It is rather remarkable that as yet only a single delineation has been found

which can be interpreted as relating to the bear, being the head of that animal,

while the rest of the carnivora are wholly unrepresented. That representations

of the unavoidable struggles of man with these animals should not have been

left behind is scarcely to be believed, especially when their teeth, pierced with

holes and destined for suspension as trophies, bear unequivocal testimony to such

encounters. Birds and reptiles have not hitherto been found represented. Fish,

on the other hand, are very frequent, and can, for the most part, be recognized as

belonging to the car]) family, which still frequents the fresh waters of the region.

We meet with no trace of n)arino animals ; the men who lived in Dordogne at the

era of the reindeer seem to have hnown nothing of the sea and its inhabitants.

These objects of art have been found only in the three grottos of Les Eyzies,

Laiigcrie-Basse, and La ]\Iadelaine, in the department of Dordogne. The first

of these is high and wide enough to enable the light to penetrate throughout,

being 12 metres deep, 16 broad, and 6 metres high ; it a})})ears to have been

nsed in the middle ages as a stable for horses. When Lartet and Christy began

their explorations, the grotto had been considerably enlarged and deepened by
earlier occupants, though the explorers found at the bottom a compact floor, from

which projected masses of blackish stalagmite, flint instruments, stones, and

pieces of bone ; this bone-breccia lay immediately on the rock floor of the cave,

and showed a thickness of one to three decimetres. Large pieces were broken

loose, wliich were sent partly to different musemns, but in greater quantity to

Paris, with a view to more exact examination. The station of Laugerie-Basse is

partly in the hollow of a rock, whose face is 100 feet high, while a part of the

formation, on which appeared traces of an ancient fire-place, extended outwardly

in front of the cavern. Within, the breccia was full three metres in depth. The
neighboring station of the Madelaine lies at the foot of the rock, and forms a

decayed heap 15 metres in length, 7 in breadth, and 3 in depth, in which

some human bones were found, but unfortunatel}^ not complete enough to indi-

cate the race of men from whom the}^ proceeded. Some fragments of blood-

stone and a coarse stick or pencil of ochre leave it to be inferred that in that dis-

tant age colored di'awings were sometimes executed.

Thus we see how civilization was undergoing a slow but constant develop-

ment among the oldest inhabitants of middle Europe. The facts which the

excavations of Chaleux have disclosed, in connection with those discttvered in

the grottos of Furfooz, furnish a picture of tlie first age of mankind in B;'lgium.

These old populations, with all their usages, reappear before us, after having

been many thousand ^^ears forgotten, reminding us of the fabulous bird which

sprang with renewed life from its ashes. So the primeval age of mankind is

rebuilt from its own ruins.

We see them in then* dark, underground retreats suiTounding the primitive

hearth, shaping with some skill and greater patience their weapons from flint-

stone and their utensils from reindeer's horn, in the midst of the unwholesome
exhalations of animal remains, which in their carelessness they have heaped

around them. The skins of captured beasts are stript of hair, and from these

clothing is prepared by means of an awl of silex and a needle of bone. We see

them armed with arrows and lances, whose points of flint have been sharpened

for deadly execution, pursuing the beasts of the waste. We visit them in their

fastnesses, where a horse, a bear, a reindeer, forms the product of a successful

cha.se, and the repulsive flesh of rats their resource against contingent I'amine.

They conduct a commerce with the populations of France, and bring thence

molluscous shells and jet, with which they delight to adorn themselves, and silex,

which is so indispensable for arms and implements. IIer« is a store of fluor-
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spar, wliose colors beguile their fixncy witli a sliow of Inxuiy, and there the wide
plate of sandstone destined for paving around the hearth.

But there come days of disaster, and truly disaster is not spared them. A con- .

cussion, a sudden downfall drives them from their rocky dwelling. The objects

of their veneration, their utensils, are aUko shattered, and they are cast forth to

seek lor some other shelter. Or death invades them with its desolations, and
"what pious cares do they then consecrate to those whom they have lost ! We see

that the}- lay the body away in a cave; an urn, weapons, amulets, constitute the

equipment for the vault. A broad plate of stone guards against tlie entrance

of wild beasts. Then begins the funeral feast in the immediate vicinity of the

sepulchre ; fire is kindled on the hearth, large animals are dismembered, and the

roasted flesh is distributed among the guests. There are no doubt other strange

ceremonies practised, as is now the custom with the rude tribes of America and
Africa, but these we can only conjecture. Analogy would point to songs, dances,

adjurations, but science can alford ns here not the slightest information. Again
and often will this vault open, and small children, as well as men of full stature,

take, one after another, their place in the cavern amidst the same ceremonies.

But the end of this oldest of known epochs is at hand. Floods overwhelm the

region. The dwellers, driven from their caves, seek refuge in vain on the hills.

Death overtakes them ; a dark grotto becomes the grave of those hapless fugi-

tives who, as at Furfooz, were witnesses of this great catastrophe. Nothing is

spared by the fearful element. The sepulchral caverns, the objects of a touch-

ing solicitude on tlie part of these poor people, are forced open by toiTcnts

of water, and the bones of the dead are generally scattered abroad. Only the

dwelling-place of Chaleux is exempt from the ruin; it is protected by an earlier

catastrophe. This consisted in the downfall of the roof of the cavern.

Lucky and mnltifaiious discoveries have conducted us to these results. The
usages and industry of these tribes, which reach back to so distant an antiquity,

can be pictured with some exactness. But much yet lies in darkness. We know
nothing of their relations to the people of earlier times. Had they predecessors

in the laud? The important discoveries which Schmerling and Prof. Malaise

have made at Engihoul seem to show that the men whose remains were found

on the Lys were not the aboriginal inhabitants of Belgium, but only successors

of an older population. At Chaleux also were found substantial indications of

that primeval ancestry, but the traces were scarcely discerned when they were
again lost.

Besides the three stations above named, a large number of caves have been
discovered in France and Belgium, which everywhere contained the bones of the

same animals. Among these, the reindeer plays tlie principal part, and is always
accompanied by the horse, the steinbock, the chamois, and the bison. The remains
of the mammoth, rliinoceros, wolf, brown bear, l3'nx, glutton, sheep, marmot,
and common deer, are seldom found ; still more seldom those of the hyena, the

tiger, the porcupine ; while the bones of birds and fresh-water fishes, which we
need not enumerate, occur in abundance.

In the cavern of Bruniquel were found, by its owner, 1,500 different objects,

which were all purchased by Professor Owen for the British ]Museum. Here were
also discovered human remains, especially ajaw bone. The cavern of Chaleux,

in the valley of the Lys and neighborhood of Dinant, presents a remarkable
peculiarity, an analogue, so to sa}', of Pompeii and Ilerculaneum, cities which
Vesuvius did not destro}', but has preserved for us. All the objects contained

in the cavern, just as it was occupied at the time, have, as already menticaied,

been kept entire by the downfall of its roof. The rubbish, under which the

various articles lay buried, has prevented the destructive eitects of the diluviiil

currents. After the removal of eight feet of compact detritus, the proper floor

of the cavern, upon which man had resided, was reached. Probably the inhabi-

tants were absent on the chase at the occurrence of the catastrophe, for no human
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bones have been found here, but some 3,000 implements of flint, as well as others

of bone and reindeers horn ha\'e been recovered. The hearth, paved with Hat

stones, lay in the middle of the cave, and on it were still foimd coals and ashes.

However incomplete may be the results thus far obtained, they still show in

the most conclusive manner the correctness of the deductions which have been

drawn from them. The remains which have descended to us undoubtedly pre-

sent many a riddle, but we should not despair of their ultimate solution. I'er-

haps a fortunate incident may bring us, sooner than we think, the desired expla-

nation;

In conclusion, we should say something respecting the animals which, in that

distant age, lived as the cotemporaries of man. The cave bear, ( Ursiis spdccus,)

according to Owen and Pomel, first made its appearance in England and at

Charapeix in Auvergne, towards the end of the tertiary epoch. If all the deter-

minations are correct, its remains have been found in Siberia, Scania, France,

Belgium, England, and GTerraany. The cave bear was the largest of the species

known, and seems to have become extinct before the reindeer era.

The mammoth (Elcphas prhiiigcnhts) was living in middle Asia about the

end of the tertiary epoch, but in Europe its remains are first found in the quater-

nary formations. It has inhabited a wide geograj)hical zone, for it sj)read from

Sicily to England, but to the south it extended not beyond central Italy and the

Pyrenees. In Italy and southern France it seems to have survived during a

part of the reindeer period, while i'urther to the north it had disappeared.

The rhinoceros lived almost universally in company Avith the mammoth, and
became extinct during the reindeer age. It is generally known that a carcass of

this rhinoceros was preserved, together with a mammoth, for many thousand

years in the ice of Siberia. "When discovered, they were found to be still fur-

nished with both hide and hair.

The cave hyena (Hiiama spelcea) was, during the quaternary epoch, of very

frequent occurrence in Europe. It is commonly supposed to have belonged to

one of the two diti'erent African species still surviving. Thus far, traces of this

animal have only been fouiid in the pliocene or upper tertiary deposits, and it

seems to have lived neither in Spain, the south of Italy, nor in Sicily. The cave

hyena became extinct during the reindeer period, and in Belgium even before

that era.

The gigantic cat of the caves, (Fells spda'aj whether tiger or lion, a point

very difficult to be decided from the parts of the skeleton found in those reposito-

ries, makes its appearance only with the quaternary period, and seems to have
disappeared with the same. The reindeer period reveals some traces of it, and
this indicates that the feline tenant of the caves had not then disappeared, like

its cotem})orary, the cave bear. Lartet even asks whether the former, like the

aurochs, while withdrawing further to the east, did not survive within the period

of history. In fact, the lion of Thessaly, spoken of by Herodotus, and which is

figured on Grecian coins, endured a climate like our own, and could not there-

fore be the ])resent African species. Dr. Falconer has gone even further : in his

opinion the great feline animal which subsists on the slopes of the Altai and in

the north of China, and which is generally supposed to be identical with the

Bengal tiger, may well be the FcJis sptckea, which, by reason of the increase of

mankind and the development of civilization, has retreated into the deeper recesses

of Asia.

The gigantic deer was chiefly an inhabitant of England and Ireland. A com-
plete and very fine specimen of it may be seen in the British ]\Iuseum. Its remains
are met with, but not very frequently, in France as far as the Pyrenees, in Ger-
many and the north of Italy. This animal existed as early as the jdioceneera,

and became extinct during the reindeer period. Its horns measured from 10 to

11 feet in ])readth. It has been improperly called the deer of the, peat moors,
since, at the time when these moors were formed, it no longer existed.
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The reindeer (Ccrvus tarcuulusj made its appearance with the manimotli in

middle Europe, and hence at the beginning of the quaternary period. Its remains,
which occur so abundantly in the caves and other sites where man has dwelt,
testify to a vast numerical development at the epoch to which the animal has
given its name. This circumstance enables us in some measure to account for

the rare occun-ence of the ure ox and the deer, for it is known that both these
animals entertain a great antipathy for the reindeer. Where the latter has rested,

the former avoid feeding. The reindeer, whose geographical habitat extended to

the Pyrenees, withdraws towards the north and disappears in middle Europe at the
period of the last great movement of the waters and of the red diluvium. At
the epoch of the peat moors it no longer existed in France. At present it inhabits

the coldest regions of northern Europe. The remains of the elk fCervus alces)

are seldom met with in the temperate European latitudes. It seems to have fol-

lowed the reindeer in its migration to the north, where it now exclusively sojourns.

The aurochs (Bison curopants.) This wild ruminant seems to have existed

in the pliocene period, and was very widely distributed in middle Europe. Its

remains occur sparingly in the peat moors and in the pile settlements of Switzer-

land. Csesar did not observe it in Gaul or in the Ilercynian forest, but Pliny
asserts that the bison, which could be none other than the aurochs, lived in Ger-
man}^ The animal is now nearly extinct, l)eing found onl^' in Lithuania, where
it is protected by stringent laws, and at Gervais, in the forests of the Caucasus.
The great ox, or ure ox, (Bos pr'nnigenius,) appears with the quaternary era,

and attains so wide a geographical diffusion that its remains are found in the
whole of Europe. It survived, like the aurochs, the ages of stone and bronze,

and subsisted even in the age of iron. Csesar mentions it in his commentaries,
and the Veson cornipofens of the Chronicle of St. Gall (10th century) is, accord-

ing to Steenstrup, nothing else than the Urus of Csesar. The species is at

present wholly extinct.

The musk ox, (Bos moschafus,) a smaller run^inant, is intermediate between
the ox and the he-goat. It lived in France and England simultaneously with
the cave-dwellers. Its remains arc found in the flint formations of the diluvium.

At present it lives only in the coldest regions of America.
The horse (Eqims udanilfkus) dates from the origin of the quaternary forma-

tions. It differs from the horse of the tertiary era, but seems identical with the

now existing species, (Equus cabaUiis.J In the age of the cave bears and the

reindeer, the horse ^\'as very widely distributed through middle Europe, and fur-

nished the populations of that time with their principal food. A smaller race

is met with in the pile settlements of Switzerland and in the Pyrenees. It was
at a later period that man availed himself of the horse for riding, especially in

war. The Greeks seem first to have practised equitation about the seventh
centmy B. C
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Translated/or the Smithsonian Institution from the " Rfivue des Cours scientifiques de la France

et de Vetranger" 20 July, 1867.

Solar radiations, and in general those of all luminous bodies, are composed

of a multitude of superposed vibrations endowed with very distinct properties,

and which it is practicable to isolate by means of the prism. The first, and

least refrangible, are obscure, and manifest themselves to our organs only by
the calorific phenomena which they produce. These are followed by the lumin-

ous radiations whicli succeed one another from the extreme red to the ray H
of the spectrum. To the violet rays, finally, succeeds a large number of radi-

ations, invisible it is true, but whose existence is revealed by their power of

effecting decompositions or chemical combinations.

I have heretofore insisted on the point that there were not three special classes

of radiations superposed at a given point of the spectrum, and differing by their

nature itself, but a single ray capalde of possessing three properties—of being

calorific, luminous, and actinometric. From one end of the spectrum to the

other, the rays remain identical in tlieir nature, but possessing increasing refran-

gibilities and vil)ratory velocities, more and more rapid. I have shown, by the

phenomena of phosphorescence and fluorescence, that these different rays can

be transformed one into the other. Thus, when luminous radiations, simple

and well defined, fall on a metallic plate, they are at first absorbed by degrees

;

the plate grows warm; it then radiates in its turn, but gives out onh' obscure,

that is to say, less refrangible, radiations. Thus again, in the curious phenomena

of phosphorescence and fluorescence, we have seen that the ultra violet radiations,

scarcely visible, were absorbed by different bodies, and became transformed finally

into luminous radiations. In a word, different substances have the proi)erty of

selecting and absorbing certain simple radiations in preference to others, of them-

selves entering into vibration, and of 3'ielding up by radiation the active force

absorbed, with this constant character, that a simple ray has l)een finally trans-

formed into an assemblage of other mixed radiations, all less refrangible.

It is another form of this proposition which I am about to exi)ound in the

course of this lecture. I propose to show that the medium may retain the

vibrations which it has absorbed, and that the active force which they have

conununicated to it, being incapable of being lost, is applied to the ])roduction

of an equivalent chemical effect. It is with photochemistry, in a word, tluat we
shall now occupy ourselves.

Scheele discovered, in 1770, that chloride of silver exposed to the light

assumes a violet tint, but he did not stop there. Proceeding to inquire to what

simple radiations this phenomenon was due, he studied it in the spectrum, and

found that the violet rays were alone capable of jjnxlucing it. He named them,

on this account, dmnical rays. Wollaston carefully repeated this exiK-riment,

and observed that there existed beyond the ultra violet radiations still other

radiations, more refrangible and Avholly invisible, but capable of acting on the

chloride of silver.
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Tins admirable discovery, wliicli is the principle of all tlie phenomena of

pliotocliemistry, 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 the solar rays, found that this blackened
chloride was susceptible, in part, of being attacked, with disengagement of

hyponitric acid, by nitric acid, a manifest proof of a partial reduction of the

chloride into chlorine and into metallic silver under the influence of the light.

But this compound is not the only one in which this phenomenon is observed.

Light acts as a reductive agent on the nitrate of silvei", the chloride of gold, the

chloride of platina, and in general on almost all the chlorides, bromides, and
iodides of metals the least oxidizalile. The 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 hyponitric acid

and oxygen. The same may be said of chromic acid, which undergoes a par-

tial reduction, loses a certain quantity of oxygen, and is transformed into sesqui-

oxyde of chromium.

In all these cases the light acts on the metallic compounds as an agent essen-

tially reductive. We are now about to see this same agent, in another order of

experiments, produce ver}' 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 the 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 here, then, no longer an action of reduction, but an action of com-
bination, which the light has exerted. The phenomenon is the same for all

organic substances. We know, for example, that if hydrogenated compounds
be exposed to the action of the sun in presence of chlorine or bromine, combi-

nations are always formed in which the chlorine or bromine is substituted, equiv-

alent by equivalent, for the h3'drogen of the organic compound. This, in effect,

is the starting point of the theory of substitutions devised by M. Dumas. The
process of bleaching cloths by exposing them to the sun is a phenomenon familiar

to every one, and is also owing to a slow oxidation of the tissue.

Among these different examples of oxidation joroduced under the influence of

light, there is one which it is especiallv incumbent on us to cite, because it has

been rendered famous by an ingenious experiment, made in 1813, by Jean
Nicephore Niepce, an experiment 'which was in some sort the starting point of

photography.

Nicephore Niepce, having taken bitumen of India, (asphaltum,) dissolved it

in oil of lavender, and was thus enabled to spread it on a plate of glass, which
he exposed to the sun after having covered it with an engraving. Now, bitiuneu

has the curious property of becoming insoluble in volatile oils when it has been

for some time exposed to the light. This light penetrated to the bitumen through

all the white parts of the engraving, but was arrested by the black lines ; and
by afterwards washing his plates with oil of lavender, M. Nicdphore Niepce

obtained a reproduction of his engravings. The white parts therein Avere 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 aftbrded by the resin of guaiacum, which has the singular property of

changing to a deeji blue in the b"ght at the same time that it is oxidized. If,

therefure, it is dissolved in alcohol, and a sheet of paper be impregnated with it,

we may o]:)tain copies, as with tlie bitumen, by covering the paper with an

engraving and exposing it to the sunj but as it remains white luuler the black
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lines, and becomes a deep blue under the "white, we obtain, in reality, an inverse

iraajre. This is a negative proof.

Thus we see that the solar radiations, in acting on different bodies, maj' give

rise to two very distinct orders of chemical phenomena : })henomena of redncti(jn

in all the metallic compounds ; oxidation, a tendency to favor combination, as

regards all organic bodies.

If the opinions thus advanced are well fomuled, it is evident that bv mixing
with nu'tallic salts organic substances we shall double the efiects ]»y augmenting
the sensibility of the pliotochemic action. This may be demonstrated l)y numer-
ous experiments. The foUowing, which is one of the most decisive, we owe to

M. Niepce de Saint Victor, nephew of the inventor of photograph^^ lie took
a piece of porcelain presenting a fresh fracture and covered it with a solution

of nitrate of silver ; ho then exposed it to the sun while screened from all

organic matter. The nitrate of silver remained unaltered ; but when a leaf of

paper was imbued with this solution, or the nitrate of silver was mingled with
any organic matter, (gelatine, tartaric acid, for example,) ])efore covering the

porcelain, the action of the s(dar rays was immediately manifested, and the sil-

ver was reduced to the metallic state. It is evident that in this experiment tlie

active co-operation of the organic matter admits of no doubt.

We may farther adduce an experiment of Professor Haghen, of Kosnigsburg,
which leads to the same conclusions with the preceding. M. llaghen took two
tubes and filled them, one with a solution of nitrate of uranium in distilled

water, the other ^\'ith an alcoholic solution of the same salt. The first of these
tubes was carefully closed, to exclude the access of any organic matter ; both
were afterwards exposed to the sun, and, agreeably to M. Haghen's previsions,

the second alone was altered and partially reduced. These results are con-
stantly tiunied to advantage in the art of photography.

And, indeed, in the preparation of sensitive paper the only object in covering
the sheet with a thin layer of choloride of silver is to bring together in a state

of considerable division the reducible metallic salts and the organic matter des-

tined to effect the reduction. It is proper, however, to add that, in order to still

further augment the sensibility of the papers intended for photographic proofs, it

is the practice to dip them, in the last place, in a solution of a chloride, a bro-
mide, or an alkaline iodide.

The following will serve as a final example of the energetic part which
organic substances play in these photochemic actions. About 1850, M. Poitcvin,

one of the most celebrated French photographers, took a salt of sescpiictxide of

iron, the ses(piicldoride, added to its solution an organic matter, and saturated
some leaves of paper with this mixture. Under the influence of light and by
virtue of the presence of organic matter this salt, wdrich the light alone could
not modify, was partially reduced, and passed to the state of a pliotochloride. In
taking a pliotogra})hic proof with such paper, it is sufhcient, in order to make the
image appear, to wash the sheet with a solution of c^'anoferridc of potassium or tan-
nin. These compounds reacting only on the perchloride of iron wherever it has
been preserved intact, that is to say, under the black portions, we obtain a positive
proof, colored blue or black, according to the compound employed for washing.

I shall not further nmltiply these examples; but there is a fact of much more
importance, and to which I proceed to call your attention for a moment : I refer

to what are called, in photography, the revcalh^g phenomena.
It is generally known that, when the sheet of prepared paper is withdrawn

from the camera obscura, the action of the light seems to have produced no par-
ticular effect on its surface ; and yet, when it is immersed in a certain hath,
the image immediately appears. This, in the language of the photograi)hers,
is the revelation of the image. We shall accept this word, amiutious as it is,

and endeavor to render an account of the phenomenon, the most important and
certainly the most curious of photochemistry.
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"What we must first remark is tlie following' observation of jM. Nicpce de

Saint Victor : tlie function of the two active snV)stance3 is reciprocal ; it is a

matter of indifference whether the substance styled sensitive, iodide of silver

for example, be exposed to the light and afterwards washed with the revealing

substance, pyrogallic acid, or, inverting the process, the gallic acid be impressed

and the sheet washed in the l)ath of silver. As regards intensity, the same
effect is always obtained by exposing one or the other to the sun.

M. Niepce de Saint Victor studied this phenomenon with care, and the fol-

lowing ai'e some of tlie experiments which he made to this effect. He exposed

to the stui, for some time, a sheet of white paper which had received no prepara-

tion, and he perceived that this paper, placed in tlie camera ohscura on a slieet

of senfitive paper, l)lackened it as the light itself would have done. Upon this,

lie conceived the idea of insolating or exposing to the sun his sheet of paper

after having first covered it with a photographic stereotype ; he then placi^d it

on a sensitive paper. Not only had the white paper thus insolated acquired the

propertA^ of reducing the salt of silver of the sensitive paper, but it reproduced

on its surface the figure of the stereotype.

This curious proi)erty is exerted at a certain distance, but it ceases if a plate

of glass or of mica be interposed. The insolated paper retains this property

for some time in darkness, but when once this paper lias produced a certain effect,

the property is completely annulled ; a new exposure to the sun is necessary to

restore it.

jM. Niepce made this discovery under rather singular circumstances. He
exposed a sheet of paper to the action of the sun, enclosed it in a tube of tin,

and, at the end of some months, having opened the tube, he placed the paper on

a sheet which had been rendered sensitive. The latter received the impression

in the whole extent of the section of the tube.

How is this phenomenon to be explained ? There are two modes of doing it.

M. Niepce supjtoses that there is light imi)risoned in the insolated substance.

This light sometimes remains stored therein for a considerable time, till the op[)or-

tunity occurs for it to produce an eflicient chemical action. It is scarcely neces-

sary to say that this explanation, simple as it is, has not met with universal acqui-

escence ;
difficulty has been felt in comprehending how light could thus remain

in a latent state on the surface of bodies for a time which may be tenned iiideliiiite.

Another explanation has therefore lieen advanced : it has been supposed that

the sohar radiation occasions the fonnation of liighly oxydable chemical pro-

ducts when it takes impression on the organic material. It would be easy then

to ex[dain the indefinite preservation of a volatile substance capable of acting at

a distance, and disappearing after having produced a determinate chemical ettect.

To which of tliese two explanations should we give the preference "? For my
own part, I strongly incline to that of M. Niepce, chiefly on account of the fol-

lowing experiment : JI. Niepce takes a piece of porcelain presenting a fresh

fracture, exposes it to the sun, and then plunges it in the bath of silver, avoiding

with care the contact of organic substances ; having afterwards washed it with

pyrogallic acid, he sees the silver immediately reduced. It is impossible, how-

ever, to admit the production of an organic matter under these conditions. The
action of the sun, whether on the salts of silver, or on organic matter, or on
porcelain, always produces the same effect.

I have said that I incline to the explanation of M. Niepce : I do S(i, however,

with some degree of hesitation ; and yet, when I see the phenomenon of phosjiho-

rescence, when I see an alkaline sulphur absorb liglit and give it out, in the end,

under the 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 [)hospliorescence, indeed, but a chemical action ? It is, in a word, a force

which remains there, for quite a long interval, until it finds the occasion for exert-
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ing itself in reproducing the pLonomcnon of pliotocliemistry. However this

may be, we continue the study of these phenomena.

if we receive a pure spectrum on paper rendered sensitive, we shall find that

the calorific rays do not in general act : the more luminous take no eflect ; the

more refrangil)le rays, on the contrar}'^, which also produce phosphorescence and

fluorescence, are the only ones capable of developing chemical action. For the

chloride of silver, the effect commences at the ray F, attains its maximum at 11, and

becomes progressively weaker up to the limits of the ultra-violet rays. For the

chl(»ride of gold the eflect is more capricious ; the action is slow in being pro-

duced, but, once commenced, it continues spontaneously, even in the dark. The
iodide of silver begins to alter in the red and presents two maxinmms. These

few examples suffice to show that each substance is impressible by particular

rays.

We must not think, however, that the calorific and luminous rays are destitute

of all action. If a paper rendered sensitive be covered with glass of various

colors, blue, yellow, or violet, for example, we shall find, after an exposure of

some moments to the sun, that the red and yellow glasses liave produced no

action, and that the blue glass alone has acted. If, however, we begin by caus-

ing the violet rays to act for a very short time, and the sensitive paper be then

placed under red glass, the action is continued. The red glass, which did not

possess the property of commencing the chemical action, has therefore the prop-

erty of continuing it after it has commenced. It is for this reason that M. Ed.

Becquerel, who discovered these phenomena, has given to the ra^'S of little refran-

gibility the name of coutinuator rays.

The resin of guaiacum presents a peculiar phenomenon : it becomes oxydized

only under the influence of the violet rays. M. Becquerel, having impregnated

a leaf of paper with resin of guaiacum dissolved in alcohol, exposed it to the

violet rays, which ox^ulized it in rendering it blue ; having then submitted it to

the action of light under a red glass, he found that it became deoxydized. In

the case of organic substances, then, there is an inverse action between the lumin-

ous rays and tlie chemical rays which it would be interesting to study, especially

with reference to the different phenomena of photochemistry. We have pre-

viously seen that, with the metallic salts, the chemical rays were alone excitators,

but that the luminous rays were continuators. This very important distinction

between the different rays of the spectrum is again encountered in the dagueiTco-

type. Ever3^ one knows how daguerrean proofs are made. The operation con-

sists in exposing to the vapors of iodine a well-polished plate of silver, for the

pm'pose of covering it witli a thin layer of the iodide of silver ; it is afterwards

exposed to the light in the camera obscura. Wherever the light has struck it

the iodide of silver is reduced. It suffices next, in order to render the image
visible, to expose it to mercurial vapors ; tlie mercury is fixed, wherever the light

has struck the plate, in the form of minute globules, giving it a deadened color;

it is now only necessary to wash the plate with hyposulphite of soda. M. Clau-

det has shown, by the following experiment, that, even on dagueiTcan plates,

the luminous rays destroy the effect of the chemical rays. He exposed an iodized

plate in the camera obscura, and then cut it into four parts; he observed that the

first could condense the vapor of mercury and yield an image ; the second he
left in the dark, and placed the third under a red glass. At the expiration of

some time, the third had lost and the second had retained the property of giving

an image with mercury; the fourth, kept also under red glass, recovered its foi'-

mer sensibility, while it had lost all trace of an impression. It would therefore

serve anew to produce an image, a fact very important in practice, because it

admits of operating in the light.

Thus we see that the violet rays possess the property of deoxydizing the metal-

lic salts and of acting as oxydants on organic substances. The red rays, on the
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contrary, in tlic first case are only continuators, but they become roductors in the

presence of organic substances.

MM. Bunseu and Roscoe have songlit to estimate tlie quantity of the cliemical

forces annually discharged on the globe by the sun; they caused the solar light

to penetrate by a very naiTow aperture to a vessel containing a mixture of chlo-

rine and hydrogen. These g'ases, which do not combine in darkness, comliined

over the whole tract of the luminous ray in proportion to the quantity of the

radiations absorbed. In a word, if the aperture by which the light amves be

doulded or tripled, the quantity of chlorhydric acid formed is also doubled or

tripled. In this way, MM. Bunsen and lloscoe found that the quantity of chemi-

cal rays aninially discharged by the sun is capal>le of combining a stratum 35

metres in depth of mixed hydrogen and chlorine gas. The terrestrial atmo-

sphero ai)Sorbs a part of these rays, so as to reduce to 17 metres the stratum of

chlorhydric acid W'hich would be formed under the normal inclination, and to 11

metres if the sun traversed the atmosphere at 45 degrees.

It is also to photochemistry that the action exerted by light upon vegetables

is to be referred. Bonnet ascertained that leaves immersed in water and exposed

to the sun disengage a gas by their under surface. Priestley announced that

plants have the property of restoring its primitive purity to the air vitiated by
animals. Towards the close of his life, having repeated his experiment, he

arrived at a diHerent result, and failed to detect the secret of this ditlerence. It

was Ingenhousz who explained this phenomenon in 1779. He proved that under

the action of the solar rays the green parts of plants purify the air, while, on the

contrary, they vitiate it in darkness. By what rays are these effects produced'?

If the view which we have taken may be regarded as correct, r:e are justified in

saying that it is the red and the yellow rays which cause the production of oxy-

gen ; the others produce carbonic acid. The ex})eriment has been conducted l)y

M. Draper, under conditions which leave nothing to be desired. He took seven

tubes of glass containing water charged with carbonic acid, and introduced into

each a leaf of grass ; he then caused one of the seven colors of the spectrum to

fall on each tube. After an interval of time, oxygen was disengaged in the

tubes exposed to the yellow and red rays ; in the others there was none. The
red and yellow rays, therefore, are those alone which give to plants the property

of renewing the ox^'gen of the air.

I shall conclude by stating in a few words the means employed in the practice

of photography. A plate of glass is taken, perfectly cleansed, and is covered

with a thin coat of collodion containing suitable proportions of bromides and

iodides. Before the plate is entirely dry it is plunged into the bath of silver,

the operation being conducted under protection from the light ; it is then exposed

in the camera obscura. To bring out the image it is enough to wash with pyro-

gallic acid. Lastly, to prevent ulterior alteration it is washed with the hyposul-

phite of soda. It is thus 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 probable that photography will be limited to the progress which it

Las made up to the present time. At this moment, great hopes are entertained

of obtaining, and that at no distant day, not only the outline of objects, but also

their proper color. Some time has already elapsed since M. Edmond Becquerel

conceived the idea of submitting to the action of the solar spectrum a plate on

which he had deposited a thin layer of iodide of silver. After the lapse of a

considerable time he thus obtained a perfectly distinct image of the spectrum,

with its stripes ; and, what is remarkable, even the obscure calorific rays were

also represented. But the point most to be remarked in this experiment is that

the spectrum was colored. Unfortunately it was impossible to fix these imagfj,

and only a very fugitive proof was obtained. M. Niepce de Saint Victor occu-

pied himself with these phenomena, and obtained in the camera obscura photo-
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grapliic portraitures, cliiefly of dolls, with tlieir 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 sensiti\ e

through chloride of gold and chromic acid, has obtained colored images of quite

pleasing appearance, a little more durable, and which may l)e even preserved in

an album. Their preservation, however, is compatible only with a diffused light

;

but it is probable that ere long success will attend the efforts for perfecting this

part of photography.

In concluding, I Avould wish to give especial prominence to the idea that, if

heretofore much attention has been bestowed on photography, there is still some-
thing more interesting. It is the chemical action of light ; it is this transforma-

tion of a certain sort of movements in a phenomenon which, until now, has been
considered as a mechanical one, but which enters, through these experiments,

into the phenomena of optics.

24 s



DORPAT AND POULKOVA.

Br CLEVELAND ABBE, DIRECTOR CINCINNATI OBSERVATORY.

The present condition of practical astronomy in tlae United States must
awaken strong hopes of our future eminence in cultivating' this most useful

science. But in order to avoid committing grave mistakes and to press due
onward in the path of usefulness, we must carefidly study and profit h}' the expe-

rience of our predecessors. Germany and England have each impressed certiiiu

characteristic features upon astronomical instruments and methods of research :

it may be expected that the younger nations, Russia and America, will with cos-

mopolitan impartiality make such use of the results of the past experience of

astronomers as will determine an epoch of still further advancement.

We should do injustice and convey an erroneous impression, however, if we
characterized any school of astronomy as especially natiomil—for it is and must
be in a considerable degree individual. It is to Kepk>r and Roemer, to Bradley
and Herschel, to Bessel and Airy, that practical astronomy is indebted for much
of its present perfection, if, indeed, we ought to make any distinctions among a

host of names of those who have contributed their experience and labors towards

the increase of human knowledge. Those who have studied the steady march
of our science during the past lifty yeaxa scarcely need to be reminded of him
to whom Doi-pat owes its fome and Poulkova its magnificence. To appreciate

this latter impeiial obseiwatory one must consider the beginning of the history

of Struve and his school of astronomy in their huml)ler home in Dorpat, the

Heidelberg of northern Europe : to that beautiful city let us direct our steps.

Lciiving the St. Petersburg and Warsaw railroad at Pskoff, \?hose mouldering

battlements have 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 the ancient country

of the conquered Letts. Very interesting are the views of the Lettish fishennen

and their villages on onr right and left as we in the afternoon ascend the mean-
dering Emliach. At lengtli the last rays of the setting sun suddenly disclose

before us the dome of the observatory and the rains of the cathedral, amidst

groves whose bright autunni leaves annually strew and will at last obliterate

the battle-field and the fortress.

Many are the eventful years preserved in the histoiy of the ancient town of
'' L^erpt." Centuries before the building of its majestic cathedral, the fortressed

hill, covered with its primeval forests, was the chosen battle-ground of Swedes,
Letts, Finns, and Ests—themselves the successors of the antediluvian races

whose only records are now found in the stone implements collected in the

museum of the University. The westward progress of the Sclavonic empire

caused the village at the foot of the hill to become a city of merchants ; whilst

with its increasing wealth and strong fortifications it became in })oace the thorough-

fare of the overland trafiic between Europe and (Jhina and in war tlie coveted

strategic post. Seven times sacked and burned, it had as often risen anew from

beneath its a.shes, until finally the civilization of southera Em-ope and the found-

ing of St. Petersburg robbed Dorpat of its inq3ortanco. An hundred years ago
there remained only ruins and the remembrance of former glory. Here, black

and mossy with age, the old stone bridge still spanned the Embach there,

portions of the rebuilt walls, and the quaint church of St. John's, told of
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bygone times ; wLilst always, Avitli iioprc'ssivc silence, tlic crunil>lin<:^ cathedral

looked down from its commanding- lieight, directing one's tlionglits tln-ougii the

five past centuries back to tlie time wlien its own beauty was renowned through

all the land.

Seelcing to retain for Dorpat its former military importance, the Empress
Catherine ordered her engineers to make of the enrire hill, inchiding the cathe-

dii-al, an impregnable fortress. Tlie Avork -was left only ])artially finished at the

close of the past century, and the immense earthworks still remain. ]\iay they

ever stand as an emblem that wisdom is stronger than force, and that tlie reign

of war is to be everywhere succeeded by the reign of knowledge.

It was certainly the instinct of true wisdom that in 1802 prompted the Emperor
Alexander I to dedicate this hill to the use of his new university. The for-

fortifications have been planted with shade trees, in the midst of which are found

the ruined cathedral, several of the university buildings, and the pleasure walks

of the Dorpat students. On the northeast brow of the hill is the observatory,

built upon the massive foundation walls of the former bishops' palatial residence ; a

few steps from its porch brings <me to the brink of bastions fifty and one hundred feet

high ; whilst from its dome the eye ranges over that beautiful country whose fitness

invited Struve to Ix'gin the geodetic work that forty years later had stretched north-

Avards to the Arctic sea and southwards to the Danube. As the illustrious Carl

Ritter could in the growth of his own mind trace the influence of the wide pano-

ramic view familiar to him in his j^outh, so may we well believe that the ever

present *'Doin lluine'' and the beautiful broad landscape have exerted no little

influence upon the lives of Struve and the many others who with him hail Dor-

pat as Alma Mater. Thrice dedicated: to War, to Religion, to Education ; may
"coming centuries still find the home of learning sheltered beneath those quiet

groves."

It is with pleasure that one contemplates the life of a great and good man,
"whose whole course was a continued success, and who richly merited the unbounded
favor of emperors and the lasting respect of all. Such was Friedric Georg
Wilhelm Struve ; and often as the story of his brilliant career has been told, we
will again rehearse its noteworth}' features.

Inheriting great ability, he received at the hands of wise and devoted chris-

tian parents, at their home in Altona, so thorough a physical and mental develop-

ment that at his entrance, in 1808, at the age of 15, into the student life of the

university at Dorjiat, his superiority was already perceived. His elder brotlier

Carl was then a lecturer at the university, and his own attention was strongly

turned to philology as aflbrding a very congenial fiekl for future lifelong labor.

It was not until after tliree years spent in literary studies, and after gaining the

highest university prizes, that he began to attend the lectures of Iluth on math-

ematics and of I-'arrot on physics. Huth had in 1809 succeeded Pfaft' as pro-

fessor of mathematics and ducctor of the observatory, and held this chair until

his death, in 1815.

Obliged, ibr self-support, to give instniction as a private tutor, his residence at

Sagnitz with his patron, the Count von Berg, was fortunate, in that Struve could

find convenient relaxation from his duties in making a slight topographical recon-

noissance of the surrounding country. This was in the summer of 1811, a period

signalized by the s))lendor of the great comet of that year. No wonder then,

that when in the autumn Struve began his attendance upon the scientiiic lectures

of Huth and Parrot, he, as an enthusiastic student, with his own hands released

the long-neglected telescopes from their packing boxes, and perfected himself in

their use. His observations of the angle of position of the components of Castor,

in August, 1811, show that his attention was now engaged by astronomy as

decidedly as it had in the early summer been turned towards geodesy. Through
the remainder of Struve's life these correlated subjects equally engrossed liis

energies and were equally advanced by his labors.
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With the reception of liis doctor's degree, in October 1813, and the commem-
orative memoir upon the geographical pos^ition of Uorpat, Struve ceased to be
ranked among the students, and received in the following month an appointment
as professor extraordinary and astronomical ol)server. This was accomplished
through the influence of Professor Parrot, to whom Dorput and science thus owe
many thanks.

The observatory had been built under Pfaff's directorship, and furnished with

some instruments
j
but these might have long remained useless and unknown

had not an indefatigable observer been sent in the person of the young student

who now succeeded to Paucker as the ''observer" under Huth's directorship.

It W'as not in Struve's power to remove the many defects in tlie observatory

building and instruments; but then, as ever afterward, he showed his ability and
disposition to make the best possible use of whatever means w'ere at his disposal,

as he himself explains in the introduction to the first volume of the Dorpat
Observations

:

When, three years ago, the position of observer in this astronomical observatory was
given to me, I cousilered long- and seriously whether I might not, in the then state of tlie

observatory, carry on such a class of observations as that something of use in increasing our
knowledge of the starry heavens might possibly be deduced therefrom.

England had long been celebrated for instruments, and the massive walls of

Dorpat observatory contained fine specimens of the work of the best English

mechanicians. One may still see these preserved there as mementos of bygone
days.

The corui'ul of the instruments was now left by Huth entirely in Struve's

hands, and from the commencement of 1814 dates the scientific activity of the

observatory, wdiose history for twenty-five years continues to be identified with that

of Struve ; for the succeeding quarter century it has been honored by the presence

of the illustrious IMacdler ,• at present Professor Clausen with cordial hospitality

presides within its honored walls. It is not our design to trace minutely the

history of the observatory and its director, but rather to call attentiini to the

steps by which were realized tlie hopes and plans of Struve's early youth.

In June, 1812, whilst conducting some experimental trigonotnetrical surveys

in Livonia, Strnve foresaw the grandeur of the geodesical operations that might

grow from the beginning there made. His first scientific jcmniey in 1814, and
his second in 1815, (which was also his wedding tour,) introduced him, as the

astronomical observer of Dorpat, to many of the prominent Gemian astronomers,

and opened a personal acquaintance that was afterwards of eminent service to

him. Ilis succession in 1815 to the vacancy caused by the death of Professor

Huth placed him in a position of authority; and the separation in 1822 of the

chairs of astronomy and mathematics (this latter being given to Professor Battels,

to whom Professor Minding nsiw succeeds) left Struve full liberty to push for-

^\ard in his chosen field of activity.

The geodesic work fur the map of the pro\ance of Livonia, ordered by the

l^iefflaud Econtmiic Society, occupied the summers of the years 1816-1819, and

brought the geodesist in contact with General Tenner, of the Russian military engi-

neers, who was pursuing a similar work in the neighboring lu'ovinces. No sooner

was Struve's work finished (in its prosecution a 10-inch sextant and an arc for the

measmement of small vertical angles were the principal iustnnnents used) than

he laid his definitive plans for the measurement of an arc of 3'' 35' before the

council of the university, by whom the undertaking was sanctioned. The neces-

sary appropriation was granted by the Emperor Alexander, who directed that

Struve should order the needed instruments in person, from the best. makers;

and who further showed his appreciation of the astronomer's past labors by a

munificent appropriation for the 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 nortbem Geraiany, drawing to him tlie hearts and good wishes of all,

e.-peciallv his younger co-workers. Having seen the most renowned mechanists

and discussed with them the details of his new and long-hoped-for instruments,

be retiu-ned to the universit}' to await their arrival. Tlie Reichenbach Uni-

versal Insti-iunent was received in 1821, and in 1824 he began to use it in the

proposed geodesic operations, (in which Baron von Wrangell, of the Russian navy,

was his etlicient co-laborer.) This latter work was nearly completed in five years.

The results are found in the "Beschreibungder Breitengradmessung; Dorpat,

1831." The three-foot meridian circle, the mate of which was found at Konigs-

berg, w^as received at the observatory in 1822. Observations with it began in

October, the winter months being henceforth especially devoted to astronomical

labors. It was in this year also that officers of the army and navy began to be

sent to Dorpat to study practical astronomy under a man of such ability. In
November, 1824, the nine-inch refractor of Frauenhofer was received, and in

February was begun the review of the heavens, whose results were published

in 1827 in the "Catalogus novas generalis stellarum dupliciimiet multiplicium."

In this latter year it was that Professor Parrot was called from Dorpat to reside

at St. Petersburg as a member of the Imperial Academy of Sciences, and almost

directly thereafter he was commissioned to prepare for the Academy the plans

for the new astronomical observatory, whose erection had long been before the

consideration of that body.

The labors imposed on Dorpat during the years 1820-1830 only stirred the

unwearied saVant to greater undertakings, and as the work on the arc of the

meridian drew to a close, Struve,in 1830, presented to the Prince von Lieven, the

minister of public instruction, a memoir relative to the possibility of prolonging

this arc northwards through Finland. Simidtaneously with Struve, General Ten-
xier had been at work to the southward ; the junction of Tenner's and Struve's

work had been effected in 1828-1829, affording a meridian arc of 8° 2', which,

^

by the proposed measurement of an arc of 5° 26' in Finland, could be united to

the work of the French astronomers in Lapland, thus completing an arc of \b^

.

The difficulties to be encountered in Finland promised to be' unusually great,

but the desirability of the work was properly represented, and the Emperor
Kicholas I granted at once the sum thought to be sufficient for its completion

within ten years.

In the spring of this 3^ear, and in connection with the great undertaking just

mentioned, Struve made his fourth scientific journey, extending it to England,

and in December visited St. Petersburg, where he was, in January, 1831, hon-

ored by a personal interview with the Emperor—an interview fraught with the

hapi^iest consequences to the progress of astronomy in Russia. This was the

moment that had long been looked forward to by the director of the Dorpat

observatorj', who had doubtless foreseen the inevitable result that would in due

time flow from his labors, both as geodesist and astronomer, during the previous

fifteen years. Struve's admirable tact and the elocpience of his earnest sincerity

were ever equal to the demands of the occasion, and we cannot do better than quote

his own account of this interview, at which the minister of public instruction,

the Prince von Lieven, was the third person present

:

Having listeued lo my report upon the late scieatiiic journey, and after having graciously

granted an increased sum to tlio observatory of Dorpat, the Emperor condescended to put
to me the following questions :

"What is your opinion of the observatory of St. Petersburg?"
I did not hesitate to respond, in all frankness and iu accordance with the exact hath,

that the observatory of the Academy did not at all correspond to the present demands of

science, and that it partook of the nature of all the establishments of its kind placed in the

midst of large cities, as those of Vienna, of Berlin, »S:c., and even of Paris, Avhere the meridian
instruments ought to be removed from the colossal edifice constructed under the reign of

Louis XIV, and be placed in modest a[iartmcnts adjacent to the principal structure.

Having listened to this reply, his Majcst}' addressed the minister of public instruction,

saying that he regarded the establishment of an observatory of the tirst rank near to tho

capital as an object of high utility and important to the scieutitic honor of Kussia.
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The ministei: did not fail to inform the Emperor tliat the Acadeniy of Sciences had for

some years occupied its'lf with the project of a new observatory, and that he had Only
awaited the completion of the plans and drawings in order to lay them before his Majesty.

Then the Emperor ordered that tin- project should be presented to him as soon as it should

have been matured. Finally, his Majesty condescended to direct his attention to the choice

of the location for the institution to be erected. The minister having mentioned tlu^ site to

the north (if the city and offered as a gift to the Academy, the Emperor condescended to

express himself in the following terms

:

" How ? The Academy thmks to place the new observatory quite near the city on the

north side, and upon a sandy and marshy soil ? That is hardly advisable. I would suggest

another position. It is upon the heights of Poulkova that the observatory should be placed."

Then his Majesty condescended to address to me the following words

:

" Sir Astronomer, you perhaps think it strange that the Emperor should wish to correct

the Academy in a scientific matter. But do you know Poulkova, and what do you think of

the site .'

"

My reply was that in 18"28, passing for the first time by Poulkova in the company of th«

Baron von Wrangell, I had been so struck with its position that I had, as if prophetically,

exclaimed :
" There upon the hill of Poulkova it is that vve shall one day behold the observa-

tory of St. Petersburg."

Sncli is Struve's graphic account of his first interview with the Emperor
Nichohis. How rarely does history otier to ns a brighter picture than this in

which the frank and enthusiastic savant reveals to the willing monarch the path

to honorable glory.

The astronomer returned to Dorpat to find that the endowment of his observ-

atory had been largely increased, and that he was in a position to undertake still

greater labors.

It was in October, 1833, that the Emperor Nicholas saw fit to give his definite

orders concerning a new observatory. The long matured plans of Professor

Parrot and the 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. Wisnieffski, Fuss, PaiTot, and Struve, was

appointed by the niinister of public instruction (Oavarofl') to study and execute

the plans approved of by the Emperor on the recommendation of the Academy.

It was as well an impulse of duty towards his science as of gratitude to his

benefactor, that led Struve to express to the minister his opinion " that the plan

proposed by the Academy and given into the hands of this committee would fail

to realize the high anticipations of their august sovereign." ^he committee

were ordered to revise their work ; new plans were matured ; the details of the

mutual relations of the prospective astronomers of the institution were discussed

with the Emperor in person ; Admiral Greig, the founder of the observatory at

Nicolaii'sk, was made president of the commission, and in March, 1834, the

ground was occupied for the erection of the new observatory. In the following

month Struve, on behalf of the committee, was presented again to the Emperor,

and a second time his personal representations resulted to the advantage of the

interests of astronomy. After explaining the motives that had led the com-

mittee to prepare plans for a far more costly observatory than had been l)efore

contemplated, these latter received the imperial sanction, and Struve was ordered

to superintend in person the construction of the necessary instruments.

In the following summer a fifth journey into Germany was made on business,

which was specially congenial to Struve. After months of study and discussion

on the details of the new instruments, Ertel of Munich and Repsold of Ham-
burg were intrusted with their construction, tmd they have since proved them-

selves well worthy of their places in the Central Observatory. The corner-stone

of the building was laid with due formality on the 3d of July, (Juno 25, O. S.,)

1835, and the entire structure progressed slowly but steadily towards completion.

In 1838,,on his sixth journey, Struve revisited' Hamburg and Munich, examined

his new instruments, now nearly completed, and, after making minor improve-

ments, finally approved them as satisfactory. He had four years previously been

directed by the Emperor to superintend the construction and equipment of the
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obsen'atory ; lie was now cliosen by the Academy of Sciences and confinned

by the Emperor as the first director. In the spring of 1839 he removed his

residence from Dorpat to Poulliova, and on the 19th of Ang-ust tlio formal

inauguration of the activity of the ol)servatory was celebrated, and those under

Avhose guidance so complete a success had been attained receivecf the well-deserved

congratulations of the Emperor and the astronomers of his empire.

Whilst we are thus contemplating the rise of Poulkova we sliould not for-

get the importance of the 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; the full account of Struve's work having appeared in 1831 in the ''Die

Breitengradmessung." The operations in Finland were then taken in hand
and pushed on to their completion in 1844, the difficulties of the grotmd and
the distraction incident to the erection of the Poulkova observatory having
delayed the work only a very little. In 1837 was published in the "Mensm-a3
Micrometricse " the observations on double stars, made with the Frauenhofer

refractor, during the thirteen years that had elapsed since its reception in 1824 in

Dorpat. In 1839 appeared the fine volume containing the Dorpat ol)servations

of Halley's comet in 1835. Add to these the regular meridional observations

and their reductions for the years 1825-1841, as found published in the 6th, 7th,

8th and 9th volumes of the Dorpat " Observationes Astronomies," and we see

that the older observatory was not neglected in the expectation of the new. In
tlie year 1822 had been inaugurated, as before mentioned, the practice of send-

ing a few military and naval officers to Dorpat to study under Struve ; his

course of lectures was continued with but few interruptions until, by his removal
to Poulkova, he was able to make that a school of practical astronomy as well

as an obsei-vatory.

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 the activity of the many students whom Struve had
gathered about him, but if the professors missed their brilliant co-worker, or the

social circles missed his ninncrous family, all were in jiart reconciled to their loss

by the presence of his celebrated successor who was called to Dorpat, after some
little delay. In the winter of 1865-66 Professor Maedler retired from his

directorship to find in elaborate historical investigations that rest fr'om his exhaust-

ing astronomical labors which failing sight had forced upon him. Six volumes of

Dorpat obseiwations published dm-ing the quarter centurj' of his administration

attest the activity of the observatory, and many investigations into the orl>its

of double stars, as well as those upon the proper motions of the stars and of our

solar system, show his ability as an astronomer. The present director. Professor

Clausen, and his assistant, Mr. Schwartz, Avell knoAvn by his contributions to the

geography of Siberia, have added to their other labors a series of observations

with the Reichenbach meridian circle in accordance with the plan proposed by
Argelander, as a means for comparing the peculiiuities of the principal instru-

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 seventj'- names are recorded during the first twenty-fivo years

of the existence of the observatory, all of whom have more or less distinguished

themselves by their ability and activity. Of Russian and foreign professional astro-

nomers about forty have within the same period availed themselves of the privi-

lege of from one to five years' residence at this magnificent institution, of whom
many are already well known in the astronomical world. It was inevitable

that the educated geodesists sent out fn^n Poulkova through the length and
breadth of the Russian dominions should secure for their scientilic alma mater
the honor and influence that she so richly merited. Struve was pre-eminently an
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utilitaiian, and lie found in this opening field of usefulness tlie proper opportu-

nity for i'ully reimbursing' the government for the great expenses attendant upon

the maintenance of the observatory. But the diversion of the small astronomi-

cal force of the obsen^atory from scientific investigations to practical applications,

from study to. teaching, in the course of time threatened to seriously interfere

with the attainment of the first and important aim of the institution. So long as

the extended labors of the Central Observator}' were borne by five persons, (the

director and four adjunct astronomers,) so long must the general progress of the

observatory work be painfully slow, and the urgent need for making provision

for further assistance, especially in the matter of reductions, became daily more
pressing.

It was in 18-36 that the observatory was called upon to lament the death of its

founder and friend, Nicholas I, whose name it has since borne, but the imperial

successor, the present Alexander II, failed not to provide bountifully for the

proper maintenance of an institution so useful to the state and so honorable as a

testimonial to the wise munificence of his father. Within a 3^ear the annual

income of the observatory was doubled, and the friendly dispositions of the

department of war, of the navy, and of public instruction, were abundantly mani-

fested by their respective ministers. Not only were the hitherto meagTO salaries

of the four astronomers now properly increased, but by the addition of two

adjunct astronomers and two permanent computers, as well as by the ability to

engage temporary assistance, the effective working force of the observatory was
nearly doubled, and the immediate danger that abstract science would be entirely

supplanted by its practical applications was averted.

The change in tlie relations of the Central Observatory to the various depart-

ments of the civil government which was brought about diu'iug the succeeding

five years was the inevitable consequence of its active usefulness during the first

eighteen years of its history. We will briefly consider the work done at Poul-

kova during this period, though we can scarcely do more than enumerate the

titles of the most important of the one hundred and fifteen memoirs published by
its astronomers previous to 1858.

The long series of Dorpat meridian observations extending from 1822 to 1843,

already publislied in successive volumes and in separate treatises, required, in

Struve's opiifion, a final revision as regards their reductions, and a publication as

one work, inasmuch as they had been conducted upon one plan and formc^ con-

secutive portions of a symmetrical whole. The original Dorpat records of ooser-

vation are still preserved at Poulkova in accordance with the laws regarding

that observatory, and from them were compiled the resulting catalogue • Stel-

larum lixarum positiones mediie; auctore F. G. W. Struve, Petro})oli, 18.52.

The following works must be considered as preliminary to this invaluable cata-

logue : The Deduction of the Constant of Precession, (St. Petersburg, 1842,) by
Otto Struve ; the Deduction of the Constants of Nutation and Aberrati<tn, by
Schidlufiski, (Dorpat, 1841,) by Lundahl, (Helsingfors, 1842,) and by Peters,

(St. Petersburg, 1842.) In conjunction with the last named memoii' is to be

placed the determination by Struve (St. Petersburg, 1843,) of the constant of aber-

ration from his own observations made in 1839-1842 with the Poulkova Eepsold

Prime Vertical Transit. This last w'as the first important publication of ol)serva-

tions made at Poulkova, and was shortly followed (1844) by Peters's Observa-

tions with the Ertel Vertical Circle upon the Pole Starj in both of which

works the scientific world found the proof of the superiority and accuracy of

these new instruments. The first publication of observations Avith the Merid-

ian Transit is found in Lindhagen's memoir (St. Petersburg, 1849) upon the con-

stant of aberration deduced from observations made on the Pole Star.

These works of universal interest and im})ortance, inasmuch as they have

established the authority of the so-called " Poulkova Constants," now in general

use among astronomers, were accompanied by others of similar value : such were
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tlie Revision of tlie nortlieni heavens for all stars to the eighth magnitude, by Otto

Strave, in 1841-42, and the resulting catalogue of 514 new multiple stars, (St.

Petersburg, 1843;) the publication of Weisse's Reduction of BesseVs Zones,

(St. Petersbin-g, 1846 ;) of Dollen's Reduction of the Kouigsberg Declinations,

(St. Petersburg, 1849;) of Otto Strnve's Revised Catalogue of Double Stars

discovered at Poulkova, (St. Petersburg, 1850 ;) of Fedorenko's Reduction of

Lalande's Circumpolar Stars, (St. I'etersburg, 1854.)

And to these wo must ad<l certain studies which are of great interest and

value from their bearing upon subjects of investigation that still elude our secure

grasp: Struve's Etudes d'Astronomie Stellaire, (St. Petersburg, 1848;) Peters's

Recherches sur la Parallaxe des etoiles fixes, (St. Petersburg, 1848 ;) Otto

Struve's Investigations into the ParalLaxes of 1830, Groombridge, (1850;) of

a LjTse, (1852;) of a Lyrse and 61 a Cygni, (1854;) Dollen's Criticism, St.)

Petersburg, 1853;) of Wichman's Parallax of 1830, Groombridge.

Nor had the attention of the observatory been drawn from the bodies of the

solar system. In 1843 was published the elaborate memoir on the orbit of the

comet of lS39-'40 by Peters and Otto Struve ; in 1849 and 1850 the Observa-

tions of the Satellite of Neptune and Deduction of Neptune's Mass, by Otto and
August Struve; in 1852 Otto Struve's Observations of the Rings of Satixrn, and
in 1854 his Observations of Biela's Comet ; finally, in 1853, by Struve and
LiapounoflP, the Reduction of the Dorpat Observations of the Sun, Moon and
Planets.

In practical astronomy the publication (1845) of the Description of the Cen-
tral Observatory had formed a memorable epoch, and the annual Russian edition

of the English Nautical Almanac brought that indispensable work to the conve-

nient use of the Russian officers.

In geodesy the expedition of 1838-41, suggested and planned by Strui-e for

the determination of the difference of level between the Black and Caspian Seas,

(St. Petersl)urg, 1849,) had added much to the geography of that little known
portion of what was then the Russian frontier, and gave occasion to Struve to

make a very valuable contribution to our knowledge of terrestrial refraction;

the longitude expeditions to Altona and Greenwich in 1843-44, and the annual

geogi-aphic expeditions into the interior of Russia, and especially the steadily

progressing measurement of a grand meridional arc of 25 degrees of latitude,

were (jontinual reminders of the vastness and national importance of the works
undei'^akeu by the Central Observatory, and by those who were the co-workers

of its amiable director.

Nor was the rapid progress of astronomy in Russia unnoticed by the astrono-

niers of foreign countries. Already in 1840 had the kindly Schumacher cele-

brated the 2.5th year of their friendship by a personal visit to Struve, and had
borne testiuiony to the advance that ha<l been realized by the establishment of so

imperial an institution; and in 1842 the King of Prussia, on beholding the

splendor of I^oulkova, had the condescension to promise that Bessel and
Argelander should certainly have opportunities given them to visit this " Eldo-

rado." It was, however, not until 1853 that the latter was able to leave

Bonn and gratify his long-repressed desire, and the life-long friend of Struve

could but say that the half had not been told him. Even from America came
tiibutes to the fame of Poulkova; first, when in 1848 it Avas visited by our emi-

nent countryman, whose impressions as i)uhlished in the North American Review
(1849) created among us a wide-spread interest in Struve and his Central Obser-

vator}^ ; and again when visited in 1851 by the late director of the Harvard Col-

lege Observatory, to whom, when still at a distance from St. Petersburg, Struve

sent a message of welcome.
It was in 1857, when the high rank of Poulkova in matters pertaining to

astronomy and geodesy had thus been so forcibly demonstrated at hoiue, and so

widely acknowledged abroad, that the necessity became imperative for a change
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in tlie relations of tbe obsei-vatory to tlie state. In effecting sucli a cliango, one

long- previolisly foreseen by Struve, man 3'^ dangers were imminent, many obstacles

were to be overcome. But if the director at any moment needed counsellors, his

wide acquaintance with and profound knowledge of men secured to him such as

were desirable, and among them was one whose position as astronomer royal of

England and whose eminent usefulness gave weight to every suggestion.

In 1844 the advanced condition of the work on the Finland prolongation of

the arc of the meridian had demanded that the next step, namely, the prelimi-

naries to its extension to the North Capo and to the Danube, should be defin-

itely agreed upon. Struve had, 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 satisfactory adjustment of the relations to be borne by
the various parties in the 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

the longitude expedition of the same year, had opened a most valuable intercourse

with the ol)servatory at Greenwich, and the personal friendship between Struvo

and Airy was cemented in 1847, not only during Struve's third visit to England,

(on the occasion of the transportation of one of the bars of the Indian base appa-

ratus,) but still more by Airy's consequent visit to Poulkova and his kindly

criticism of the peculiar features of that observatory. Widely -as the latter insti-

tution dillered from its English predecessor, they yet had many common interests.

Central in its location, honorable in the history of its usefulness, and jicculiarly

favored by the state patronage, the position of the Royal Observatory of Eng-
land was very similar to that which Poulkova now virtuall}- occupied, and it

became Struve's desire to secure more completely for the latter that stability and

unembaiTassed 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, Avere a matter of anxiety
;
possibly a certain clause in the

original laws regarding the Central Observatory, or possibly the name itself,

may sometimes have led similar institutions in Russia to fear lest Poulkova,

overstepping proper bounds, might assume authority over them; but the astron-

omers of the imperial establishment had ever labored to dispel any such injuri-

ous illusion. The appointment of Struve by the Imperial Academy, in 1857, to

prepare a new set of laws for the reorganization of the internal and external

relations of the observatory was the opportunity by v/hich he sought to remove

all misapprehension and to realize increased usefulness. Eive years, however,

must elapse before the new code of laws could officially go into operation; a

delay which, while it may have resulted in perfecting the new statutes, was itself

the consequence of most painful events.

His exhausting lalwrs in connection with the invaluable new catalogue of the

Poulkova library, and the publication of the " Arc du Meridian entre le Dan-

ube et la mer Glaciale, St. Petersbourg, 1860-61,'' had necessitated a little

recreation, which Struve found in a short trip in October and November, 1857,

to Germany, France, Switzerland, and England. This was Struve's eleventh

absence from Russia, and afforded him the opportunity of urging the importance

of, and of preparing the way for, an international measurement of an arc of lon-

gitude, in which work he had ten years previously enlisted the active co-opera-

tion of General Wrontschenko, then conducting "the Russian geodetic surveys.

In January, soon after his return to Poulkova, a severe attack of cancer pros-

trated his strength and necessitated a prolonged absence in the wamier climates

of southern Europe. The vice-director. Otto Struve, officiated in his fathei-'s

place until the retm-n of the latter in August, 1859, and in January, 1862,

Otto Struve succeeded as director of the observatory upon the resignation of

the former, since there no longer appeared reasonable hope of his recovery.

It was thus reseiA'cd to the present director, finally, to hai-moniously adjust all
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the relations of tlie observatory, and to realize tlie ideal clearly conceived by tlie

father fifty years previously. It was proper that the son should complete the

immortal work of the father, but it is satisfactory to know that before the death

of the latter he had already in 1864, on the occasion of the celebration of the

twenty-fifth anniversary of the inauguration of the observatory,', received the con-

gratulations of assembled astronomers, statesmen, and friends, upon the successful

completion of his life-labor, and the auspicious entrance of the observatory upon
its new career.

The period fi'om 1S57 to August 26-14, 1S62, marked as it was by the ill-

ness of Struve and the succession of his son, may bo considei'cd as a ]ieriod of

transition which was terminated on the latter date by the imperial approval of

the new '^ Statutes of the Nicholas Central Observatory."

These statutes recognize the observatory as having become a scientific astro-

nomical institution of pennanent practical importance to the interests of the

state ; and, therefore, the Acadeni}' of Sciences, to which body it had hitherto

been directly subject, is now, to a great extent, released from the responsibility

of its maintenance and activity. In order to avoid the danger lest the extra-

neous geographic and geodetic operations should interfere with the progress of

scientific investigation, the working force was further increased by placing at

the disposal of the director fom- positions additional to those created in 1857,

thus increasing the scientific corps to thirteen persons, and a regulation requiring

I'rom each paid astronomer, except the director, three hours daily of computation

on the reduction of current work assures us that the long desired Poulkova obser-

vations will hereafter be rapidly reduced and published.

The necessity for promptness in lousiness matters was of itself sufficient to

demand the newly introduced and direct responsibility of the director of the

observatory to the minister of public instruction, thus avoiding the frequent

delays incident to the previous relations with the Academy of Sciences. But
this most radical and beneficial change was accompanied by the equally wise

interposition of a " committee," reminding one of the " board of visitors" of

Greenwich, which should annually report to the minister the condition of the

observatory affairs, and whose recommendation or approving vote, by reason of

the high authority of the individuals composing this body, '' would, at any time,

authorize the observatory to expect governmental support in its undertaking."

The fifth article of the new laws defining the membership of this committee reads

in part as follows :

Sectiou 5. The committee will be composed of persons who belong to those departments on
which the labors of the observatory have a direct bearing. It consists of the president of the
Academy of Sciences, as chairman; the president of the Imperial Geographical Society;
the director of the Military Topographical lUireaii ; the chief of the Nicholas Academy of
the General Staff; the president of the honorable Naval Board; the director of the Hydro-
graphical Department; the permanent secretary of the Academy of Sciences; and of four
persons who will be annually chosen by the Academy from among their active or honorary
or corresponding members, &c.

On the o(X'asion of the May visitation of this committee to Poulkova it

receives the annual report of the director. It is by the organization and active

co-operation of this committee, which is indeed nearly ecpiivalent to a " board
of commissioners," that the Central Observatory may ex})ect to steadily advance
in prosperity. In it are represented not only the scientific Academy, but those

departments of the government which, having an interest in the observatory,
have also a common duty toward it.

As to the scientific members of the observator}- corps, we must notice that

tbe election of the director by the Academy of Sciences and his confinna-
tion liy special imperial assent, the nomination of the four senior astronomers
by the director and their confirmation by the Academy, the nomination of the

adjuncts bv the director and theii- confirmation by the minister of public instruc-

tion, all combine to give high political authority, to secure acknowledged scicu-
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tific abilit}', and to insure permanent stability—from all of -wllicli there will follow

the most energetic and best directed activity. These precautions, taken to secure

the best use of the money appropriated to scientific research, strike one with the

more admiration as existing under a government so autocratic as the Russian.

The}' are due not only to the wisdom of the Emperor Alexander II, and espe-

cially to Ills brother the Grand Duke Constantine, but also to the diversity of

the many interests that had clustered al)Out an astronomical observatory, and to

the sagacity of Struve and his illustrious successor.

But if we return to the external scientific relations between Poulkova and
the other observatories of Russia, we are still more deeply convinced of Struve's

consummate ability, in that he was able to dispel the fears Avhich might have
led many to suspect that he aimed at a legalized astronomical autocracy. Per-

haps the name, Cextkal, was unfortunately chosen ; certiuuly it might please

a military monarch better than the quiet student. But the experiences of others

stood the astronomer in good stead, and, notwithstanding the well-meant sug-

gestions of i)olitical friends, he endeavored to realize that which would, in its

moral beaaty, eclipse the material s})lendor of Poulkova. " This observatory

tvill always be a central scientific authority, SO long as it deserves to be
SUCH," W'as the sentiment on which Struve rightly desired the prosperity of

Poulkova to be based. The interpretation given b^^ the Poulkova astronomers

to the obnoxious clauses in its former code of laws is found in the following

quotation :

It is allowed to the Central Observatory' to apply the g^reater meacs over which she has con-
trol to the assistance of the other observatories and the furtherance of the labors that they
undertake ; and as the central institution it must strive tor the most saccessful co-operation
of the different observatories of the empire. To this latter end, however, it possesses no
other means than fraternal intercourse. The use of and even the existence of such
intercourse must remain entirely dependent upon the estimation in which such is held by the
individual directors of other observatories."

This was ^' co-operation—not monopoly." As to the realization of these

principles, we may now behold an empire dotted with many scientific astronom-

ical institutions, harmoniousl}' co-working under the stimulating influence of

EXAMPLE. The progress of each is tlie good of all.

As we perceive the external, wide-spread, national influence of Poulkova to

be pre-eminently beneficial, we are thus prepared for the harmony that exists

W'ithin. Honor to those whose entire devotion to the solitary studies of the

astronomer has enabled them, during many years, to labor amicably together,

absorbed in the seai'ch for truth lather than fame, and imbued with the spirit

of the example of their revered senior.

On the 23d-llth November 1SG4, Strnve quietly passed away. His funeral

discourse was appropriately' based upon the text, '' God is love ; and he that

dwelleth in love dwelleth in God, and He in him." Only such a charitable

spirit as he possessed could ever be admitted within the little social circle that

constitutes the isolated scientific society of tlie observatory of Poulkova.

We have followed the history of the Nicholas Central Observatory from its

first conception in the mind of Struve to the complete development of the

clearly defined ideal through the munificence of th.e Eiuperor Nicholas I and
the liberal patronage of his worthy successor, Alexander II. The call of

Struve to the observatory of Dorpat in 1813, the inauguration of the observa-

tory at Poulkova in 1839, the permanent organization of 1862, and the sub-

sequent quarter-ccntmy anniversary celebration in 1864, embrace a space of fifty

years. In the history of the past five years, as recorded in the annual reports of

the director, W'e shall find ample testimony to the vigor of the maturity of the

observatory. If, turning from the contemplation of its past history, one studies

Poulkova as it is, there is found on every side that which pleases both the man
and the astronomer. An honor to the Russiau empire, it may w'ell serve as a

study and example to other nations and to other men. _
"
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"We .sliall supplement our rude Listorical sketch by a few ^vo^ds upon its inner

organization and present scientific activity, but would recommend to all the

interesting work of Sir Charles Piazzi Smyth, prompted by the hospitality

extended to him during his visit to Ilussia in 1859.

Among the marshes at the head of the Gulf of Finland, and on the islands

in the mouth of the river Neva, under the GOth° of north latitude, Peter the Great

founded the city of St. Petersburg. A plain surrounds the city on all sides, but

at various distances to the east and south this is bounded by ridges that were
once the shores of the gulf, when its waters covered the site of the northern

capital; beyond these the elevated table lands of the rolling steppes begin.

Directly south of the city the plain is limited by a moderate elevation, "the
mountain Poulkova," a hill laid out by Catherine far a pleasure garden, but chosen

long before her time by Peter as a favorite resort whilst fighting the Swedes
and building up St. Petersburg. Tlie great military road southward from St.

Petersburg to Warsaw, bending as its course strikes the steep northern face of

the ridge^ sends a branch off tu the southeastward to Tsarskoe-Selo, but itself

half encircHng the hill Poulkova, continues onward nntil lost to the sight behind

other ridges far to the southward. A village of peasants, formerly imperial

serfs, sheltered from the violent westerly gales, has clustered along the roadside,

and has given its name to the hill. On the northeast outskirts of the village, and
not a mile distant from the observatory, the centre of attraction, we find a

favorite spot, whence we behold at once the full beaut}' of the observatory hill.

Looking to the southwest, we see at first only the log-houses and fruit gardens

of the villagers, whilst beyond a wild forest covers the mountain. But a 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.

The curving and ascending Warsaw road bounds our diminutive forest on the

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

np, and to the left is the dwelling of the former observatory mechanician, whilst

very far behind it ono sees a tall geodetic signal. Behind the grove peeps out the

tasteful little observatory of the ofiicers of the military academy; then the green
lawn spreads out in front of the imperial establishment, whose three tiuTetted

domes crown the hill.

Those three domes even from a great distance are noticeable features in the

landscape. Let us leave St. Petersburg by the broad "Tsarskoe-Selo avenue,"

and long before entering upon the Warsaw road, even before passing under the

triumphal arch, if we look directly south we may see between its pillars the long
straight road, the Poulkova hill and the domes ten miles distant. The middle
and largest dome appears connected with the macadamized road liy a nan'ow
line, but our swift troika soon brings us near enough to perceive that the line

is a footpath leading straight up the hill dividing the green forest of our little

Switzerland into equal portions on the right hand and on the left. Only the

monotony of the surrounding plains can justify our comparison with Alpine
scenery, as we readily acknowledge when having ascended to the topmost step

of the footpath, 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. Petersburg
in the distance; before us is a grassy lawn of ten acres, and beyond that the
observatory. Our path leads without turning straight through an avenue of

lindens, and between fi'agrant flower beds up to the dor4c colunms 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 chaiming
grove of evergreens to flie "Peter's stone" and the tall signal. The llussian

ai'chitects well understand the use of colors in relieving the monotony of a wintry
snow-covered landscape ; we have before us on either hand the deej) red-brick

dwellings, flanked by evergreens and bhches, and enclosing the observatory,



382 DORPAT AND POULKOVA

wliose brown woodwork and cream-colored stucco resting upon liglit sandstone

foundations, contrast as beautifully with January's snows as with the fresh

green of June. One should visit the Peter's stone and the quiet grave-yard, and

linger in this beautiful park before entering the observatory. Under the noble

elms the village peasants spend many a summer holiday ; here travellers stop to

rest and lunch, and enjoy the view, and of a pleasant afternoon the observator}-

families may be seen dining and chatting over cotFee or tea—all enjoying the

luxury of that open air life that Europeans, and especially the Germans, indulge

in so heartily.

Struve's appreciation of the beautiful is seen not only at every step of our

walk throu2fh the grounds and in the exterior of the buildings, but as pleasantly

impresses one on entering within. Whether we consider the director's cosy

study or the elegant proportions of the airy observing rooms; whether we visit

the magnificent library or the unique portrait gallery of the central rotunda

;

or study the details of the iustnmients, or the methods of using them, every-

where is appropriate symmetry, harmony and beauty. But leavbig for the present

the material structure, every detail of which is so minutely recorded in Stmve's

*' Description de I'Obsen^atoire," let us first consider that which is of prime

importance to the interests of science.

The inner organization of any institution should depend not only upon the

nature of the material, but equally upon the conditions and natm'e of the work
to be ])erformed. The variet}^ of the demands made upon the Royal Observatory

at Greenwich, and the imperative call for daily and annual results, as well as the

singleness of the object kept in view, have necessitated a simplified daily routine,

and a regulated organization of all the working forces ; so that the director

holds in his hand a control over the minutest detail of operations; only thus could

all demands bo met with unfailing regularity. At Paris, but only to a slight

extent at Washington, a similar course has l)een imposed. The value of the

regular annual publication of reduced observations is seen, not only in the useful-

ness of these lai-ger observatories, l>ut also in tliat of smaller ones, such as those

at Berlin, Konigsberg, Brussels, Dorpat,' Oxford, Edinburg, Mailras, &c., and

the arrangement by which Poulkova could have published annual volumes of

results, would perhaps have been effected by Struve, had not his small force

and the diversion of their labors into various channels hindered the execution of

this portion of the duties of the institution, until it became apparent that the

observations could only be properly published when the distinct work to which

they belonged should be completed, and when the diverse parts of each could

be framed into an individual consistent whole.

Thus there came to be impressed more and more deeply upon the observatory a

prominent trait in Struve's own character, who working always with energies con-

centrated upon the matter in hand, preferred, if possible, to bring each special work

to a si)eedy conclusion, that it might be given to the world, an-anged as a syste-

matic treatise or investigation. "A definite aim Imng presented, its attainment

should mark the proper time for pul)lication." This principle is not entirely

inconsistent with the custom of annually publishing the various successive por-

tions of the work in 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 by investigations 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; the preliminary

results to be expected from his new instruments, even if'desired as being in their

crudeness better than the most of those accessible to astronomers, ought to be

withheld until, after severe investigation, they could be presented to the world as

the best results the instruments could vield. This train of thought and the
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similar cdurse pursued in tlio early history of many observatories, (of wliich

Grecnwicli was itself a notable example,) decided Struve to seek usefulness to

a future g'eneration, rather tlian to the immediate present, and not to organize a

meclianical obsei'vatory, deficient in intellig'ence, and progressing only witli the

progress of the science, but rather to develop a 'living institution," an associa-

tion of astronomers, desirous like himself by their own labors to le.'id on in

promoting the progress of their science.

The wide fiehl in which these Poulkova astronomers should pursue their inde-

pendent yet correlated investigations is indicated in the following article of the

statutes of 1862:

§. 2. The establishment of the Nicholas Central Observatory has for its object

:

a. The uninterrupted prosecution of observations and works for the promotion of astronomy
as a science.

b. The improvement of practical astronomy in its application to geog'raphy and naviga-

tion, the execution of observations in the interest of the astronomical and geographical labors

sjijstematically undertaken by the different departments of the empire, the connection of these

labors with each other, and their scientific assistance.

c. To assist other Russian observatories in the attainment of a more successful prosecu-

tion of astronomy.
d. To offer to the officers of the general staff of the topographical corps and of the navy,

as also to other young scientists the opportunity of perfecting themselves in practical astro-

nomy, and its application to geography and geodesy.

To the attainment of these objects this institution freely opens to those young
astronomers who have resided at Poulkova as guest-students, as well as to those

who are its pennanent officers, the use of the rich material of instruments, obser-

vations, and books in its possession. As to the relations with other similar estab-

lishments in Russia, their annual reports show how frequently in tlie details of

their equipment and work they are aiTanged in accordance with the suggestions

emanating from the Central Observatory. In matters pertaining to the applica-

tions of astronomy to geography there is an especial activity not only in that

five or ten officers of the general staff" here pursue theu" two years' practical course

under the directions of Mr. Dollen, but also in that the plans for geographical

expeditions and the Avorking up of the results are generally more or less con-

fided to him. As to the astronomical investigations carried on at the observatory

proper, although all are engaged therein, yet these are especially expected from

the senior and adjunct astronemers, who form, as was Struve's desire, an associa-

tion whose members labor individuall}^ for the promotion of their science. The
clioice of the senior astronomers takes place according to the following article

of the statutes:

$ 19. The senior astronomers of the observatory must be chosen from among men ofacknowl-
edged ability in the department of astronomy. Unto them by preference will be intrusted

by the director the execution of all the works to be undertaken for the attainment of the

objects of the obsen-atory, mentioned in ^2. The choice of a candidate for the occupancy
of a vacancy in one of these positions is the duty of the director. He proposes the cnosen
candidate to the Academy of Science, which body, when it by ballot has approved the choice,

on its part presents the same to the minister of public instruction for contirmation.

It follows from the precautionary process thus enjoined that the four senior

astronomers (one of whom is also the vice-director) are but inconsiderably infe-

rior to the director in experience in their profession, and form a pennanent
council, whose valuable suggestions always have weight in the conduct of scientific

affairs.

Besides the preceding permanent members of the astronomical coqDS, the third

article allows two adjunct astronomers and two permanent computers. Thus far

the observatory has been, and probably it always will be, successful in securing for

these positions young men of promising ability. Indeed, although no system of

promotion is officially recognised, yet it will generally happen that the director

will be able to fill these positions from among the numerous young men who have
resided at the obsen^atory, and similarly to find among the adjunct astronomers

those well qualified to become seniors; this is evidently peculiarly desirable in
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an institution that differs in many details from others now existing, and con-

tributes not a little to the consistency of the steady progress that experience

secures. On the other hand, the fact is never lost sight of that very often profit-

able suggestions and the infnsion of new life are to be expected from the intro-

duction of an entire stranger into the observatory corps; thus the whole institution

preserves its cosmopolitan character and is kept from becoming antiquated.

To the nine members of the permanent scientific corps are to be added the
younger persons, not military officers, who seek a residence at Poulkova, as

allowed by §§ 27, 28, 29, 30, for their own advantage; generally these inevita-

bly contribute something to the furtherance of the scientific work of the observ-

atory, whilst receiving from it the treatment of guests. The new statutes allow
the director to give these young men a position and rank as civilians serving tlie

observatory, but not in the service of the state ; thus they may be properly

considered as supernumerary astronomers, who, however, enjoy some of the priv-

ileges of such as are pennanently in the state service, wdiich is no mean advan-
tage in the autocratic Russian empire. Although these are at liberty to devote
their whole time to their own studies, they yet generally choose to contribute

several hours daily to the regular work of the observatory, .receiving a small
compensation therefor. As there are often four such supernumerary astronomers,

we may consider the eflfective scientific force to number thirteen persons.

The young officers of the military and naval schools who receive their instruc-

tion from Mr. Dullen, 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 the officers of the institution let us add
the names of those who were, in 1866, attached to the observatory

:

His Excellency Otto Struvc, director ; A.Wagner, senior astronomer and vice-

director ; W. Dullen, senior astronomer ; II. Gylden, senior astronomer ; P.

Smyssloff, adjunct astronomer; A. Kortazzi, adjunct astronomer; C. Linnsser,

computer ; H. Fritsche, computer ; Messrs. V, Fuss, A. Gromadski, G. Berg, and
0. Abbe, supernumerary astronomers.

At present^ however, several changes are noticed since Colonel Smyssloff

has accepted the directorship of the Wilna observatory, and Mr. Berg is his

assistant. Mr. Fuss has been made adjunct aste-onomer. Mr. Fritsche has
become the diret tor of the magnetic observatory at Pekin, Mr. Knorre, of Berlin,

fills his place.

To the preceding officers should be added the secretary, the mechanician, the

intendent, and the physician ; all of whom, with their families and the soldiers

assigned to duty at the observatory, constitute a colony of an hundred an(J twenty
souls or more.

The members of the scientific coii^s have been spoken of as the colleagues

of the director, and the genial spirit infused by Struve will always retain to

them that pleasant relationship ; but a great power must needs be vested in the

Lands of the superior, not only in order to perserve harmony of action, but
also because of the responsibilities imposed on the director. The tenth article of

the statutes defines the duties of the director as follows

:

Sec. 10. The principal aim of the director is to direct all the forces and means of the
observatory to the successful accomplishments of the objects of this iustitutiou, detailed in

section two. He must, therefore, see that astronomical observations of the highest perfec-

tion be conducted luiinterruptedly, and that the instruments used to this end always corre-

spond to the actual demands of science. As immediate 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 pleasm-e of the elder Struve, so is it still the privilege of

his successor, to realize that " the activity of the entire institution concentrates

in him;" whilst as its head he skilfully controls the moulding of the independent

works of his colleaijues into one united eflbrt for the advancement of then- science.
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The activity of tlie Central Observatory lias doubtless suffered somewliat from

tlie restricted communication between Poulkova and the neighboring cities, St.

Petersburg and Tsarskoe-Selo. Foi-, however much this isolation favors the

undisturbed prosecution of obsen-ations and study, it imposes a dreaded monot-

ony upon the lives of the non-astronomical portion of the community, from the

effects of which the astronomers themselves cannot be entirely free. To coun-

teract the influence of this sameness—so prejudicial to mental and physical

health, and so detrimental to the harmony of society—requires the constant

attention of each individual living at the observatory. It will tluis bo easily

understood that the personal example and the influence of the director as a man,*

no less than his experience as an astronomer, are needed in order to secure the

happiest working of all the parts. Possibly the sameness of the social circle

exaggerates the influence of the monotony of the astronomical work, for there is

in Poulkova no rotation of duties, such as in some other observatories affords a
slight relief to tho members of the corps.

It was in accordance with Struve's foresight that the efforts of the observatory

to realize its general object, "the advancement of astronomy as a science,"

should l>e principally confined to stellar astronomy, and that to each astronomer

should be assigned the instruments needed for the work undertaken by him,,

and for whose execution he is responsible, thus reversing a very common prac--

tice of assigning tho observer to an instrument. The description of the instru-

ments and the mode of using them may be found fully given ii^the well knowTi
''Descriptit)n de I'observatoire." The following condensed notice of the progress

of the works there indicated as having been begiui will perhaps have interest.

The Great Refractor, made by Frauenhofer, in tho central dome, has, since its

erection, been used principally by the present director. The general survey in

1841 of the northern heavens, requiring the examination of 17,000 stars, and
leading to the discovery of nearly 500 new double stars, has been already men-
tioned. Up to the present time micrometric obsei"\'ations of relative ]iositions-

have been made upon 1,200 double stars, which will probably be published in

1SG9 in all their details. Struve's method of observing position angles, i. e.,

by placing the two parallel threads of his micrometer so that the space included

between them is bisected by a line joining the two stars, leads probal)ly to the

interesting systematic errors in observed angles of position, investigated ])y him
in 1852-56, and again in 186(3, by observations upon artificial double stars.

In the latter year an investigatiou was also made of the errors of estimated

small distances, and a simple systematic correction deduced, by which these

become as valuable as actual measurements with the micrometer. Nine optically

double stars have been made the subjects of special investigations for relative

^parallax. The determinations of relative positions of comets and faint com-
j)arison stars have next claimed attention. The series upoy the Biela's, Faye's,

and Donati's comets, and those of 1861 and 1865-66, are to be specially men-
tioned, as also the fruitless search after Biela's comet at its late predicted return.

The observations of Neptune's satellite and the determination of the planets'

mass have been already mentioned
; a large number of observations upon the

eatellites of Uranus and Neptune still await publication. The occupations of the

Pleiades, in which a dozen observers sometimes combine, have been regularly

continued. The study of Saturn's rings and of the great nebula in Orion have
also claimed attention whenever circumstances have conspired to favor the jiros-

ecution of these very delicate observations. The results already attained, and
their comparison with those of the Bonds at Cambridge, are already well known
to the world. The instrumental chanii^es made in tho p-reat refractor have been
quite msignmcant ; but on account of increasing unsteadiness in the parallactic

movement the director has proposed to replace the clock-work by some one of

the improved mechanisms now made. This will become the more necessary in

,
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order to prosecute telescopic spectrum investigations, tbe apparatus for wliich

was received in 1866 from Donati.

The Ileliometer, 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 the necessity of making several much-needed
instrumental changes tending to convenience of use and accuracy uf results, but

it was also best to await the result of the further expeiience of Bcssel, Wich-
nian and Johnson, before deciding to trust so complicated an iustnmieut in

delicate investigations. Possibly Dr. Auwer's study in 1861-6:2 of the heliome-

ter used by Bessel confirmed the decision to use the Poulkova instiTiment for

other pui-jjoses 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 the heliometric

for the measm-ement of large relative distances. From 1858 to 1864 this tele-

scope has been used by Dr. Winnecke in photometrical measurements and in

observations upon the several comets, as also upon the conjunction of Venus and
Jupiter in 1859. Since 1864 Mr. Fritsche has made use of it in the observa-

tions of several asteroids.

The Small Befradofj made by Baader, in the western dome, has been princi-

pally used in the observation of coiuets, asteroids, and occultations.

The Prime Vertical Transit, made V)y Repsold,in the south wing, was used until

the end of 1842 by Struve himself on the series for the determination of the

constant of aberration. Seven stars were observed upon at the periods of maxi-

mum and mininnun influence of aberration and parallax, and the results are pub-

lished in his well-known memoir. Observations on three of these stars were con-

tinued for the determination of the constant of nutation ; the series being iater-

Tupted in 1856 by Struve's illness, was continued by Otto Struve, and will pro-

bably be soon published. In 1861-'63 this instrument was used by Lieutenant

'Oom, (now director of the lloyal Observatory at Lisbon,) in determining the

zenith distances of about 80 stars whose declinations are between 57° 46' and
• 59° ^.6', each star being observed at least four times. After the determination of

.aberration and nutation, the proper use of this instrument is found in the inves-

tigation of absolute annual parallax ; accordingly, in 1866 it was used in the

determination of the relative declinations of certain double stars as preparatory

to an extended series in which the su])jects of relative and absolute parallax,

abeiTation and periodicity of latitude should be simultaneously investigated.

To the Meridian Circle, made by Ilepsold,in the east room, was assigned the

observations for a catalogue of 3,755 stars, including all of the sixth magnitude

north of 15° of south declination. This work was begun in 1841 by Sabler,

and continued by him ruUil 1854, assisted in the iiiter\-al—1844 and 1849—by
Dollen. In the years 1853-56 Sabler and Lindhagen were occupied in obser-

vations of the comparison stars of Biela's comet. The catalogue work was con-

tinued by Winnecke from 1858 until 1864 : in 1866 its further continuation was
-assigned to Mr. Gromadski, whose diligence in filling up the man}'^ g'^^ps caused by
the unfavorable weather of the winter months and the twilight of the summer,

.authorize the belief that the completion of the series is soon to be looked for.

The nttmber of stars that will have been observed with the meridian circle will

be greater by 1,500 than that of the catalogue originally contemplated ;
the

reduction of this series of observations has been delayed more than that of any

other undertaken by the observatory. It is intended that each star shall be

observed in the two positions of the circles and of the interchangeable ocular

and objective. The ptiblished results of Sabler's and Lindhagen's observations,

.as given in Gould's Astronomical Journal, and those of Winnecke made at

the opposition of Mars in 1862, give assurance of the high value that the cata-

logue will have when published. With this instrument will be made the deter-

minations of the positions of the 500 stars to be used as fundamentals in the
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new review of the heavens lately undertaken by the German Astit)nomical Asso-

ciation.

The spirit of investigation inculcated by Struve asks for the simplest instru-

ments and the smallest ones consistent 'W'ith optical power, and demands the

most laborious watchfulness over the instrumental errors, together with such

a symmetrical arrangement of the obseixations as to necessitate only the simplest

possible assumptions with regard to the unknown or suspected sources of eiTor.

These principles have possil)ly increased the labor and somewhat retarded the

completion of the work assigned to the meridian circle, but have had a still more
decided influence upon the progress of the work undertaken Avith the two prin-

cipal meridian instruments. These stand in the west room, and some of the

results attained by them are alreadj'^ known through the memoirs of Lindhagen
and Peters.

The Vertical Circle, made by Ertel, standing on the west side of the obsemng
room, was used by Peters until 1849, in observations for latitude and the declina-

tions of about 350 bright stars. The determination of latitude has been already

published in a memoir previously cited, as also has been the special series in which
the absolute parallaxes of the stars Polaris, a Aurigse, e Ursae JMajoris, Groombridge,

1830, a Bootis, a Lyrse, a Cygni, 61 Cygni, were investigated. Dr. Gylden's

refraction tables for Poulkova, deduced from Peters's observations, were pub-

lished in 1865 ; the entire series of observations previous to 1849 will probably

be published within three years as a complete work, ahhough the places of a
number of stars in the original catalogue remain undetermined. From 1849 to

1863, the vertical circle was used by Dollen principally for observ'ations of the

sun, and in determinations of the declinations of stars used in the geodesic work of

the Russian sui'veys. Since 1863 Dr. Gylden has Avith this instrument du^ected his

attention towards the standard stars of the Berlin and British almanacs ; some
observations upon Venus, made at her superior conjunction in 1865, are valuable

as afiordiug strong negative testimony on the question of the solar atmosphere

;

equally interesting are the thorough investigations made into the errors of the

meteorological instruments used in connection with the vertical circle, and into

the law of the decrease of temperature with increasing altitude above the earth's

surface.

The Principal Meridian Transit, made by Ertel, at the east end of the west

observing room, was designed, in connection with the Kessel nonnal clock, not

only to give the time to the rest of tlie observatory, but also for the determination

of the absolute right ascensions of some 300 fundamental stars ; this latter num-
ber was increased to 400, and the prescribed series of observations was substan-

tially finislied in 1853. A preliminaiy series specially directed to the circnmpo-

lar stars had been made by Peters in 1840. New piers having been provided,

the two meridian marks established, and the normal clock received, obseiwations

on the fundamental catalogue were begun b}^ Schweizer and continued by him
from 1842 to 1844; by Fuss from 1844 to"^1847; by Lindhagen from 1847 to

1850; by Wagner fi-om 1850 to 1857. In 1855 and 1856 the transit was
u^ed by Lindelof in determining the right ascensions of stars used in the lon-

gitude expeditions. In 1S60 the instrument was given into the hands of Mr.
Brauer, the successor of Pohrt as the observatory instrument maker ; several

changes, hicluding the regrinding of the pivots, were then made, and in 1865 the

objective was mounted upon three points in order if possible to secure greater

constancy in the collimation error. Since 1860 the redetermination of the 400
fundamental right ascensions has been undertaken by Wagner, and the series

will probably be completed before 1870. The reduction of the observations

previous to 1853, and the compilation of the resulting catalogue, are now finished
;

their publication may be looked for in the present year. The reduction of the

second series (made with the transit since its improvement by Mr. Brauer, and
recorded chi-onographically) progresses with the observations.
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The reduction of tlie "eye and ear" observ-ations having shown that the

Houth-Wetzer clock in the west room, and the Kessel's normal clock originally

placed in the central rotunda, were aflected by the unavoidable changes of temper-

ature, the former was replaced in 1861 by a dial connected by electricity with tlie

normal clock, thus avoiding the laborious comparisons by chronometer that had
been until that time earned on daily. In order to seciu'e a still more uniform

temperature the normal clock was then placed in an inner vault underneath the

rotunda, where the daily thennometric term in the clock rate is quite impercep-

tible. Since 18G2 the obsei-vations have been recorded upon a Krille's chrono-

graph, which stands in a warmed room adjacent to the observing room, and ditlers

from those in common use in America principally in that the observei-'s pen is

independent of the neighboring clock pen, and in having a very convenient

arrangement by which the observer at the transit can at will stop the revolving

cylinder or set it in motion again. The clock automatic circuit-breaker is that

of Krille. It consists of a thin vertical slip of mica at the extremity of a short

arm attached at right angles to the uppex portion of the pendulum, and in tho])lane

of vibration ; at every second the mica cuts through a sms.ll horizontal thread

of mercury through which the electric current is passing. The Muston mean time

clock was in 18G6 connected with the central telegraph station in St. Peters-

biu'g, and regulates several sympathetic clocks. A noonday signal is also auto-

matically given.

The exquisite small Meridian Traiisif, made by Brauer, and now found in an

appropriate building southwest of the larger observatory, was used in the longi-

tude expeditions to Dorpat, Moscow, &c., and has been employed by Fritsche

in the series of lunar observ^ations recently published by him in the Bulletin of

the St. Petersburg Academy. A mate to this fine instrument is to be found at

the naval observatory at Cronstadt. The five-inch Steinheil objective, mounted
in 18G6 parallactically in the east dome of the small auxiliary observatory erected

in 1863, 100 yards south of the principal one, is intended to be used by
"Wagner in an investigation into the relutive parallaxes of some of the brighter

stai's. The evidences of the extraordinary accuracy attained with the Meridian

Transit are such as to ju&tify the expectation that very decisive results will ensue

from this renewal of the method so lately applied by Auwers to the determina-

tion of the parallax of 34 Groombridge.

The celestial photometry which has remained until lately in so crude a state,

thanks to the labors of Steinheil, Sei»lel, and Zijllner, promises in futiu'e to rank

as an exact science. An ingenious Photometer^ invented and made by Professor

Schwerd, of Speyer, was mounted in 1866 by Messrs. Smysslotf and Berg in the

west dome of the anxilliary observatory, and oH'crs a fine opportunity for research

in a field that has as yet been but too little cultivated. A mate to this unique

instrument has been ordered for the observatory of Bonn by Professor Arge-

lander, who has signified his intention of devoting his future years to its use.

A little to the northeast of the central building is tlie convenient and tasteful

observatory erected at the expense of the military academy, and furnished with

a clock, a fixed transit, and very many portable instruments, together with very

convenient arrangements for their use. This structure, completed in 1857, is of

course exclusively for the use of the officers of the geodetic division of the Kicolas

Military Academy whilst pursuing at Poulkova their course in- practical astron-

omy. Among the works executed by these oflicers under Dollens's directions are

several whose results may be looked for with general interest, such as the twelve

repetitions of the measurement of a short base line, in the year 1865, and the

observ^ations made in 1866 for the investigation of the local attraction of the

plumb line in the neighborhood of Poulkova.
In recounting the larger fixed instruments of the Central Observatory, we must

not omit a few words ct)ncerning the smaller portable ones, of which the insti-

tution possesses several fine specimens of the best workmanship of Ertel, the
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Repsolds, Bmuer and others. Tbesc Lave found tlicir most frequent use in con-

nection with the geograpLiic and geodetic labors conducted by its astronomers,

of which we vshall only mention the two grand international undertakings that

have not as j'ct been surpassed in their magnitude—wo refer to the measure-

ment of an arc of latitude of 25°, and one of longitude of 69°. The fonner we
iTave already frequently mentioned as being a work intimately connected with

the foundation and the history of the first 25 years of the observatory's exist-

ence. The preliminary ste})S for continuing this work ten degrees fiu-ther south-

ward to the island of Crete are now being taken. To this meridian measitre-

ment that of an arc of longitude naturally f(:irced itself upon Struve's attention

as a necessary 8up})lemental undertaking, and he had al read}', in 1848, prepared

the way by enlisting the interests of Genera! Wrontschenko, then engaged in

the triangulation of the southern part of Russia. This original project of a

measurement along the 47th parallel, as proposed by Struve in 1857, having

failed of execution, Otto Struve in 1860 proposed the meastu'ement of an arc

from Valentia, iit Ireland, eastward to Orsk, at the southern end of the Ural
mountains. This work will lie lirought to a close this present summer—the future

further prolongation of the line througii Narvaul and Irkutsk to Nicolaieff may be
confidently expected. The Repsold Portahlc Vertical Cirde has been used in the

latitude determinations on this measurement of an arc of longitude ; the Braiicr

PortaUe Extra-mcridmial Transit has been adopted for the telegraphic longitude

determinations, all of the latter being made by two observers. Dr. Thiele of

Bonn and Captain Jalinski of Poulkova. The instruments, as well as the observ-

ers, exchange places during the season's work. AVe may, then, soon expect from
this grand operation valuable additions to our knowledge of the ciu'vature of

the European portion of the 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 Smyssloft'; a short notice of its construc-

tion and performance will be found in Silliman's Ameiican Journal for 1867.

The Brauer's Transit has not as yet been similarly brought 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 hands, but it is promised that this neglect

shall be remedied ere long. These instruments, constructed at Poulkova at

Dollen's suggestion, are specially adapted to use out of the JMeridian, for which
pm'pose nothing can be desired more convenient than the formulae given by Dollen
in his memoir entitled "Die Leitbestimmung," &c., "The determination of the

time bv means of a portable transit instrument established in the vertical of the

Pole Star. St. Petersburg, 1863."

In connection with geodesy we must not omit to notice the Base-measuring
Apparatus used in Struve's work, and now generally adopted by the Russian
geodesists. This is distinguished by its simplicity and the facility with which it

is used. Each piece is a plain bar of iron furnished at one end with a touch lever

and enclosed in a packing of cotton within its wooden case ; two interior ther-

mometers and a reversible level complete the apparatus. With such means the

rapidity and ease with which a base is measm-ed couipares favorably with that

attained in other countries, and the accuracy of the results have never as yel, we
believe, been called in question. One of the most interesting operations per-

fonued in connection with this base apparatus was the comparison with specimen
bars used in other countries. This \Aork, conducted during the interval 18o0-54,
has only been surpassed in magnitude by the more recent comparisons made at

Southampton.
Among the geodetic apparatus worthy of special mention is the Pendulum Appa-

ratus made by the Repsolds for the Central Observatory, and used since 1864 by
Professor Sawitsch, who proposes to visit all the stations of the Russo-Scandi-
na^^an meridian arc. This apparatus may be defined as Bessel's synnnetrical

pendulum with reciprocal axes, being constructed according to the views of that
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eminent astronomer as gathered from Ins well-known memoii's and Ms postliumons

papers, published in the Astronomische Nacbricbten, volume xxx. In this con-

struction we find the effect of atmospheric resistance reduced to a minimum, and
by the exchange of the knife edges the effect of their curvature may be elimi-

nated. A mate to the Poulkova apparatus may be found at Geneva, and the

complete investigations published by Plantamour demonstrate its excellence. The
full publication of Professor Sawitsch's results will be looked for with the more
interest because of the early attention paid in Russia to these matters. Preuss
in Kotzebue's voyage of circumnavigation in 1822-28, and Parrot and Feodorofi'

in their ascent of Mont Ararat in 1830, were the first to attempt to directly measm'e
the influence of mountains in causing local irregularities in the eai'th's attraction,

if we except an almost forgotten and unpublished '^ pendulum survey" of the

Harz and ISrocken hills, by Zach, in 1797.

Finally, yet among the really most important instruments, >vo notice with great

interest the many chronometers deposited at the Central Observatory, and contin-

ually being investigated there when not in use in the longitude expeditions. To
their investigation Colonel Smyssloff 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 the longitude determinations

annually made throughout the empire.

In closing this notice of the observatories of Dorpat and Poulkova, we can-

not but revert to that very wide-spread but eiToneous 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 men who have hailed astronomy as the senior

and protector of all learning. In the most ancient times the 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 which to make its importance felt by the 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 the duty of inves-

tigators to show that the national progress consists not in the mere repetition to

the children of that which then- fathers knew, but in the actual inckease of

knowledtre.



ON TRACES OF THE EAKLY ]\IENTAL CONDITION OF MAN.

By Edward Burnet Taylor, Esq.

[FROM THE PROCKEDINGS OF THE ROYAL INSTITDTION OF GREAT BRITAIN.]

If an antiquary is asked his opinion as to the early condition of mankind, he

will probably take up the question with reference to an excellent test of man's

civilization, the quality of the tools and weapons he uses. He will show how,

within our own knowledge, the use of metal instruments has succeeded the use

of sharpened stones, or shells, or bones; how the stone axes and arrow-heads

found bm'ied in the ground prove that in every great district of the world a Stone

Age has prevailed at some more or less remote period; and lastly, how recent

geological researches have displayed to us the traces of a Stone Age extraordi-

narily low and rade in character, and belonging to a time as extraordinarily

remote in antiquity. The history of man, as thus told by a study of the imple-

m-ents he has used, is the history of an upward development, not indeed a gi'aelual

steady progress of each family or tribe, but a general succession of higlier pro-

cesses to lower ones.

Now there also exists evidence, by means of which it is possible still to trace,

in tlie history of man's mental condition, an upward progress, a succession of

higlicr intellectual processes and opinions to lower ones. This movement has

accompanied his progress in the material arts during a long but undefined period

of his life upon the earth ; and of this evidence, and of the lines of argument
that may be drawn through it, the object of the present discourse is to give a
few illustrative examples.

I. In the first place, the art of counting may be examined fi'om this point of

view. We ourselves learnt to count when we were children, by the aid of a

series of words, one, two, three, four, and so on, which we were taught to associate

with certain numbers, 1, 2, 3, 4, and can thus reckon up to the largest imaginable
number, and down to the smallest imaginable fraction. But if we look round
among other tribes of men we find a very different state of things. As we go
lower in the scale of civilization, it becomes easier and easier to puzzle a man
with the counting of 20 objects, or even of ] 0, and to drive him to the use of

nature's counting machine, his fingers. When we reach the low level of the

savages of the Brazilian forests or of Australia, we find people to whom 3 or 4

are large numbers. One tribe, described by ^Mr. Oldfield, reckoned one, two,

and then bool-tha, "many;" but when their j)oor word-language fails them they
fall back on gesture-reckoning. Mr. Oldfield tells us, for instance, how he got
from a native the number of men killed in a certain fight. The man began to^

think over the names, taking a finger for each, and thus, after many unsuccessful

trials, he at last brought out the result by holding up his hand three times, to

show that the number was 15.

Now our words, one, two, three, four, &;c., have no etymologv to us, but among
a large proportion of the lower races numerals have a meaning ; as among many
tribes of North and South America and West Africa are foinid such expressions

as, for 5, "a whole hand," and for 6, ''one to the other hand;" 10, "both hands,"
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and 11, "one to the foot;" 20, "one Indian;" and 21, "one to the bands of the

other Indian ;" or for 11, "foot 1 ;" for 12, "foot 2 ;" for 20, " a person is finished ;"

whilst among the miserable natives of Van Dieman's Land, the reckoning of a

single hand, viz: 5 is caWed puganna, "a man."
For displaying to us the picture of the savage counting on bis fingers, and

being struck with the idea that if be describes in words his gestures of reckoning,

these words will Itecome a numeral, perhaps no language appi'oaches the Zulu.

Counting on his fingers, he begins always with the little finger of his left hand,

and thus reaching 5, he calls it "a whole hand ;" for 6, he translates the appro-

priate gesture, calling it tatisitiipa, "take the thumb;" while 7, being shown in

gesture by the forefinger, and this finger l)eing used to point with, the verb koniba,

"to point," comes to serve as a numeral expression, denoting 7.

Now, though many numerals, especially fives, tens, and twenties, were named
from the fingers, bauds, and feet, this is far from being the only source of numerals.

Many centuries ago, the Hindi| scholars, besides their regular series, made a new
set of words to serve as a sort of mcnwrla tcchnka for remembering dates, &c.
Thus, for 1 they said '^earW or ^^moon ;" for 2 "e^e," or '^arm" or ''win/)

f

for 3, "iiV{>«a," or ''firc^'' or ''quality'''—^.here being considered to be 3 Ramas,
3 kinds of fire, 3 gunas or qualities; for 4 "ar/e" or ''•veda^'' because there are 4

ages and 4 vedas. One line of an astronomical formula will show the working
of the system

:

Ttihni tri rtwishu gunendu kritAgnibhftta:

That is to say :

"Fire, three, season, arrow, quality, moon, four of dice, fire, element:"

That is 3 3 6 5 3 1 4 3 5.

When Wilhelm von Humboldt, more than 30 years ago, looked into this

artificial system of numeration, it struck him that he had before him a key to

the general formation of numerals. When a Malay, he said, calls 5 lima, that

is, "hand," ho is doing the same thing that the Hindu pandits did when they
took "wing" as the numeral for 2; and then, he suggested, the numeral words
having thus been once made, the sooner their original meaning was got rid of

and they were reduced to the appearance of mere unmeaning symbols, the better

it would be for their practical use in language. Now a number of actual facts

may lie brought forward in support of Humb(tldt's far-sighted suggestion. The
Abipones of South America counted to 3, and for 4 said "ostrich toes," from the

division of their ostrich's feet; then, for 5, "one hand;" for 10, "two hands,"

and so on. In Polynesia there is a regular set of decimal numerals, but some-
times, for superstitious reasons, they turn words out of their language for a time,

and have to use fresh ones. Thus, in Tahiti, they ejected rua 2, and rima 5;
and in a missionary translation of the Bible we find -pili and pac instead; now
piii, the new word for 2, means "together," andjjrtc, the new word for 5, means
"side."

In other South Sea islands, the habit of counting fish or fruit one in each
hand has led to tamia, " a pair," becoming a numeral equivalent for 2 ; the habit

of tying bread fruit in knots of 4 has made a new numeral, ^r»w>, "a knot,"

while other terms for 10 and 100 have had thefr origin from words meaning
"bunch" and "bundle." And so, even in European languages, numeral words
break out from time to time, ready to become proper numbers, should a vacancy
-be made for them in the now meaningless series, one, two, three, four. Thus in

English we have j;a/r or coupk for 2, and score, that is "notch," for 20. The
Letts count crabs and little fish by throw^ing them 3 at a time, and thus the

word mettens, "a throw," has come to mean 3, and so in many other cases in

other languages.

Now when tribes count hy saying liand for 5, take the thiimh f'>r 6, half a man
for 10, and so on, it is evident that the basis of their niuueration is finger counting".
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But tliere is also evidence in tlio systems of numeration of most civilized lan-

guages that they, too, are the successors of a rude unspoken system of gesture

counting. The rule of the whole world is to count by fives, tens, and twenties;

the exceptions are so late or so incidental that we may neglect them and say that

the original counting of mankind is the quinary, the 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 the

vigesimal system, each " score" or notch, thus ideally made, standing for 20, for

"one n\an," as a Mexican or Carib would put it. It is a very curious thing that

both we and the French, having two good decimal systems of our own, should have

run off into vigesimalism. Wh}' should we have ever said "fourscore and thir-

teen" for the 93, which we have good Saxon tens to express? and why should

they say in France, " quatre-vingt-treize," instead of holding to the Latin original

of their language, and saying "nonante-troisf " The reason seems to be that

counting by scores is a strongly marked Keltic characteristic, found in Welsh,

Irish, Gaelic, and Breton, and has been taken up into the alien numeral systems

of France and England. At any rate, the rule of the world is to count by fives,

tens, and twenties ; and the connection of this rule with the practice of counting

on the fingers and toes will hardly be 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 had liad G fingers on each

hand, and 6 toes on each foot, we should probably have taken to using, like the

carpenter, the more convenient system of duodecimals.

These are examples of the facts which tentl to show that man's early way of

counting was upon his fingers; as Massieu, the Abbe Sicard's celebrated deaf

and dumb pupil, records in describing his recollections of his yet uneducated

childhood : "I knew the numbers before my instruction ; my fingers had taught

me them. I did not know the ciphers. I counted on my fingers." Among the

lower races, the use of word language has only to a small 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 sj'stem of counting

by fives, tens, and twenties, of which we can hardly doubt that the norm is given

by the arrangement of the fingers and toes. Thus it appears that in the mental

history of mankind w'e may see back to a condition so much lower than our own,

that the numerals, which wo look upon as so settled a part of speech that we
use them as one of the first tests of the common derivation of languages, were

still unspoken, and their })urpose was served by the ruder, visible signs which

belong to the department of gesture.

II. The next argument to bo brought forward belongs to a very dificrent

province of thought, and touches on the early opinions of mankind as to the

nature and habits of spiritual beings. It is well known that the lower races of

mankind account for the facts and events of the outer world by ascribing a sort

of human life and personality to animals, and even to plants, rocks, streams,

winds, the sun and stars, and so on through the phenomena of nature. It is

also known that a low stratum of the religion of the world consists in belief in,

and adoration of, spiritual beings who inhabit the winds and trees and streams,

who preside over the ripening of fruits and the falling of rain, give success in

war, or inflict disease or misfortune on the savage hunter. Thus the Mintira, a

low tribe on the Malayan peninsula, ascribe every ailment that happens to them
to a spirit or hantu. One causes smallpox, another brings swelling and inflam-

mation in hands and feet, another causes the blood to flow from wounds; indeed,

to enumerate all these hantus would be to give a list of all their known ailments.
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The worship of such spirits, found among the lower races over almost the whole
world, is commonly known as *'fetichism." It is clear that this childlike theory

of the animation of all nature lies at the root of what we call mythology ; if the

sun and moon are described as semi-human beings, called by the Greeks Helios

and Selene, by the Esquimaux Anninga and Malina, this personification is

founded on an original opinion still found in lively existence in the world, that

the sun and moon are living Anthropomorphic creatures. It would probably
add to the clearness of our conception of the state of mind which thus sees in

all nature the action of animated life and the presence of innumerable spiritual

beings, if we give it the name of animism instead of fetichisra. Now, by
examining a single phase of this animism, it seems possible to give some idea

how generally man in his lowest known state of culture is a wonderfully igno-

rant, consistent, and natural spiritualist; and also how the effects of his early

BiDiritualism may be traced through the development of more cultm'ed races in

proceedings which have often changed their meaning, and lost their original con-

sistency b}' the encroachment of mroe real knowledge.
We all know 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 he is dead tlian while he is alive. The savage's notion of a ghost corre-

sponds very nearly with that of the English peasant in our own day—it is a
thin phantom going from place to place, like the person it belonged to, when it

does appear, but often invisible, though capable of knocking and uttering sounds.

The notion of the ghost runs almost inextricably into that of the spirit or soul,

of the Itreath and the blood, aixl of those unsubstantial somethings which follow

the man and are like him, his shadow and his reflection in the water. Now it is

consistent with this opinion of ghosts to hold that by killing a man you can
release his ghost and send it where you will. This is what the King of Dahome
does when he sends men da}^ after day to take messages to his father in the land

of shadows. The Getce, according to Herodotus, sent a man every five years to

their god Zamolxis, giving him their messages, and then throwing liim np and
catching him on their spears. Thus, in British India, some 80 years ago, it is

on record that two Brahmins, believing that a man had taken 40 rupees out of

their house, took their own mother and cut her head oft", that her ghost might
torment and pursue to death the off"ender and his family—the old woman being

herself a consenting party to the transaction. This is not an isolated case, but
one belonging to a recognized Hindu practice.

In perfect accordance with this opinion we find in almost every country in the

world, at some time or other, the practice of slaying men and women at the

graves of the dead. In one of the South Sea Islands a cord is put round the

wife's neck at her marriage, and when her husband dies it will be tightened, to

release her soul, that it may accompany his to the land of shadows, and continue

to catch fish and cook yams for him there. The Dyaks, of Borneo, have a
passion for waylaying their enemies and bringing home their heads; as they

told Mr. St. John, ''the white men read books, we hunt for heads instead."

The}' do this to secure the services of a slave in the next world. These practices

are the consistent working out of a spiritualistic theory, which, if crude and false,

is at any rate intelligible. To some extent the same may be said, when not only

the dead man's Avives and slaves, but his dogs and horses are killed, and buried

or burnt at his grave. The man's ghost is to ride the horse's ghost in the land

of shadows, and the dog's ghost will run on before after ghostly game ; or, as in

Mexico, the dog was to carry the man across the river which lies between the

Avorld of the living and the world of the dead; while in Greenland, a dog's head
was placed by the grave of a little child, that the soul of the dog, who ever

knows his way lioiue, might guide the helpless infant to the land of spirits.

But when not only men and animals, but inanimate objects are buried or burnt

for the dead, what does this mean? When the hunting tribes of North America



ON TRACES OF THE EARLY MENTAL CONDITION OF MAN. 3[5

provide the dead man with his favorite liorse, and at the same time with his bow
and arrows; while the fishing- tri])es bury the dead man in his canoe, with the

paddle and the fish spear ready to his hand, what diileronce can we discern

between the 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 and his slaves,

his horses, his weapons, his clothes and ornaments, are indiscriminately buried

Avith him ; when food is put in the grave with the dead man, and fresh supplies

brought every month ; when the little child is provided with its rattle and play-

things, and the dead wai-rior has the ceremonial pipe put in his hand, that he
may hold it out as a symbol of peace when he comes to the other world, while

a store of paint is buried with him that he may appear decently among his

brother warriors; in these and hundreds of other instances, the spirit of the dead
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 the existence of

something of the nature of a spirit or ghost belonging to inanimate ol)jects; and
this in fact they do.* The existence of the Fijian opinion is well authenticated,

that lifeless objects have spirits, and that the souls of canoes, houses, plants,

broken pots, and weapons may bo seen floating down the river of death into the

land of souls ; and crossing into North America we find the same idea, not only

that souls are like shadow^s, and that everything is animate in the universe, but
that the souls of hatchets, kettles, and such like things, as well as of men and
animals, have to pass across the water which lies between their home in this life

and the Great Village where the sun sets in the far West. We must not expect

the spirits of spears and kettles to have the same distinctness and vitality in

savage philosophy as the spirits of men and horses. Inanimate objects want
those signs of life that are given to men and animals by the breath, the blood,

the independence of voluntary action ; but at any rate they have shadows, as in

the New Zealand tale of Te Kanawa, who offered the fairies his neck ornament
and ear-rings ; they took the shadows of them, but the substance they left behind.

They have also that property which in the mind of the savage has so much to

do with defining the nature of ghosts—their impalpable phantoms can and do
appear far away from where their real substance is, in the dreams and hallucina-

tions which savages look on as real events. When we meet with notions of

apparitions among more civilized people, it seems that they hold a theory inher-

ited from the full animism of the lower races, but much damaged in its consist-

ency by the interference of a better knowledge of facts. When the ghost of

Hamlet's father appeared, he ''wore his beaver up." What beaver? To an
European believer in ghosts, it would seem foolish to talk of the ghost of a

helmet ; but to a North American Indian it is quite reasonable that a helmet

should have a ghost as well as the warrior who puts it on his ghostly head. The
opinion of the European ghost-seer is no doubt the more scientific, the more
affected by knowledge of the facts of nature ; but the broader spiritualism of

the savage is more full, more thoroughly consistent, because, as there is much
reason to think, it is nearer to its source.

A slight acquaintance with the spiritualism of the savage has sometimes led

to its being considered as the result of a degeneration from the opinions of more
cultured races ; but more conq)leto knowledge of the facts tends to show that

such an opinion inverts the real history of events. The way in which the fullest

and most consistent theory of ghosts is at home among savage tribes is w«ll

shown by the belief that the spirit aiTives in the next world whole or mutilated,

according to the condition of the body at death. For instance, there is an Aus-
tralian tribe who believe that if a man bo left unbm'ied, his soul l)ecomes a
wandering ghost. If one of then- warriors kills his enemy, he is sometimes

*' The speaker meutioned that he had just found iu the works of an American writer, Mr.
Alger, independent contirmatim of the view ho had taken of the savage theory of spirits,

as including spectres of inanimate as well as of auiuiate objects.
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embarrassed witli the difficulty that by so doing he is setting free a hostile ghost

to vex his own people, and therefore he resorts to the device of cutting oti' the

dead man's right thumb, so that the ghost can no longer throw his spear, and
may be safely left to wander as an evil spirit, malignant, but harmless. The
histor}^ of the very funeral offerings just spoken of shows in the most interesting

way the progress of a ceremony from its source in a crude and savage philosophy

to its gradual breaking down into mere formality and symbolism. To the Aryan
of the Vedas it was quite reasonable to burn the priestly sacrificial implements
with the dead man's body for his 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 vara, be acceptable to thee !" We may learn

from Ovid how the oflerings of food to the dead, in ruder times a thorough prac-

tical savage proceeding, had in his time dwindled to a mere affectionate, senti-

mental ceremon3\ Garlands, he says, and some scattered corn and grains of

salt, and bread steeped in wine, and violets laid about : with these the shade

may be appeased. ''Little the manes ask, the pious thought stands instead of

the rich gift, for Styx holds no greedy gods."

" Pai~va petunt manes— pietas pro divite grata est

Munere. Non avidos Styx babet ima deos."

We may see how the early Christians kept up the heathen custom of burying

oiTiaments with the dead, of putting playthings in a child's grave, doing just

what a red Indian squaw will do, but doing it with how changed a purpose.

The Chinese keeps up the time-honored custom of providing the dead with clothes

and money ; but the money that he will palm off on his dead father is a pasteboard

coin, stamped 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. Tlie

same Chinese will yearW spread a feast for the souls of his dead ancestors ; he

and his I'riends will wait a decent while for the ghosts to eat the spirits of tlie

food, and then they will fall to themselves. To see the same thing done nearer

home, you have only to travel into Brittany, wdiere on the night of the Fete
des Morts you will find the fire made up and the hearth swept, and the supper

left on the table for the souls of the dead to come and take their part. And
when we see a WTcath of everlastings laid upon a tomb, or a nosegay of fresh

flowers thrown into an open grave, a full knowledge of the history of funeral

offerings seems to justify us in believing what we should hardly have guessed

without it, that even here we see a relic of the thoughts of the rudest savages

who claim a common humanity with us, a funeral offering vastly changed in

signification, but nowhere broken in historic sequence.

Lastlij. Another subject may V)e found to throw light upon an early condition

of men's minds. We are all agreed that there is a certain mental process called

the associaiion of ideas. That we are in the habit of connecting in our minds
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
been taught to keep an eye on the action of the association of thoughts, to

recognize it as a fallacious process apt to lead us into all manner of unreasonable

opinions. But if we descend to a lower range of civilization, we shall find that

the mental association which we tolerate as a sort of amiable weakness, and
against which we are at any i^ate forewarned and forearmed, is the very philos-

ophy of the savage. There is one particularly excellent way of studying the

effects of the association of thought. It began to produce, in a time associated

with a very low human condition, a set of opinions and practices known as the

occult sciences, witchcraft, divination, astrology, and the like. The germs of

these imaginary sciences are to be found still lively among the lower races.

Their development into elaljorate pseudo-scientific systems belongs to a period

now beginning to pass away ; and we can still study them in their last stage

of existence, that in which theii' remnants have lingered on into a period of
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higher mental culture, and have l)ecome sm'vivals, or, as we call them, "super-

stitions." In producing the occult sciences, the association of thought works in

ways most distinctly recognizahle. When the Polynesian weather-maker prac-

tices on his sacred stone, wets it when he wants to produce rain, and jiiits it to

the fire to dry wlien he wants dry weather; and when, in Europe, water is poured

on a stone, or a little girl led about and pails of water poured on her that rain

may in like manner 1)0 poured down from the sky, we have practices resting on

the most evident and direct association of thoughts.

Thus we may see a Zulu busy chewing a bit of wood, and thereby performing

an ideal operation, softening the heart of another Zulu with whom he is going

to trade cows, that he may get a better bargain out of him. So it is when we
find lingering in England a practice belonging thoroughly to the savage sorcerer,

that of making an image representing an enemy or part of him, and melti'ng it,

drying it up, or wounding it, that the like may happen to the person Avith whom
it is associated. From time to time there is still found hidden about some coun-

try farm such a thing as a heart stuck full _of pins, the record of some secret

story of attempted magic vengeance.

In the ancient and still existing art of astrology we see the same early delusive

association of ideas producing results so perfectly intelligible to us that it is

really difficult for educated people to have patience to study its details. An
astrologer will tell us how the planet Jupiter is connected with persons of a bold,

hearty, jovial temperament; and how the planet Venus has to do with love and

n)arriage; while to us the whole basis of this theory lies in the accident of the

names of certain gods having been given to certain stars, which are therefore

sujjposed to have the attributes of these gods. The wonder is not that much
of the magician's sham science is inexplicable to us, but that the origin of so

many of its details is still evident.

[An extract from Zadkiel's almanac was here read, with the object of showing

the principle on Avhich the astrologei-'s deductions are still made, the movements

of the heavenly bodies being simply taken to symbolize human action, virtue

ikud good fortune being connected with the aspects of the sun and Jupiter, (sunn}^

and jovial influences,) &c., the working of the early childlike principle of the

association of ideas being thus traceable through the occult sciences from their

rise among savages to their decay among educated men.]

By the study of facts like those of which a scanty selection has here been

brought forward, it seems possible to look back to an early condition of (.lur race

much more nearly coiTesponding with that of existing savages than with that

of the civilized nations even of very ancient times. We seem to have before

ns the traces of a state of language so low that words for counting had not yet

arisen in it, but mere gesture-language served their purpose. It is not meant

to imply that we have evidence of a state of pure gesture-language anterior to

any spoken language ; we do not seem to have such evidence, and even among
the lower animals we find, in a rudimentary form, expression by action and by

voice going on together. In the working of the minds of these early tribes,

we trace a childlike condition of thought in which there is a wonderful absence

of definition between past and future, between fact and imagination, between

last night's dream and to-day's waking. Out of this state of mind we find aris-

ing all over the world a consistent, intense, and all-pervading spiritualism to

form a basis upon which higher intellectual stages have been reared. In this

low and early mental state there reigns supreme the faculty of association of

thoughts. Out of this, when unchecked by experience, arise those delusions of

sorcery which pervade and imbitter the whole life of the savage, and carry a

stream of folly far on into the cidture of the higher races. But through age

after age there has gone on a slow process of natural selection, ever tenxling to

thrust aside what is worthless, and to favor w^hat is strong and sound. Wilhclm

von Humboldt, already once quoted, may serve us again by laying down in few
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u'ords one of the great generalizations of oiu* intellectual history. "Man," he
says, "ever seeks the connection, even of external phenomena, first in tlie realm
of thought ;

* * * * his first endeavor is to rule nature from the idea

outward."

Now if the result of inquiries like the present were to bring out mere abstract

truth, baiTen 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

that they do happen to have this practical importance. There are certain studies

which have entered upon a thoroughly scientific stage, and ask no aid from
ethnogi-aphic research ; they care nothing for the crude theories of earlier times,

l)ut go directly to their own observed facts by which they must stand or fall.

But there are other studies, of not less importance to us than astronomy or chem-
istry, which are in a very different state. In such especially as relate to man,
the operations of his mind, his relations to the rest of the universe, the past and
future condition of his race, his ethical and political rights and duties—in all

these complex and difficult problems we find established side by side sources of

opinion of very different value. Some opinions come to us authorized by the

l)est of evidence, and when put to the test of reason and experience the trial

proves their soundness. Others again, though founded on some crude theory

of less educated times, have been so altered in their scope and meaning bj' the

lessons of experience, as to be on the whole the best known representatives of facts,

and by this not unsatisfactory title they hold their ground. Others, lastly, may
arise out of opinions belonging to a low stage of culture, and maintain their

place, not because they are proved to be true or useful, but simply because they

have been inherited from long past generations. Now it is one duty of ethno-

graphic research to follow up these lines of thought, to mark out, among existing

opinions, which are old notions kept up in a modified condition to answer a more
modeni purpose ; in what cases a growing knowledge goes about with the

remains of the old philosophy which once clothed it, now hanging in strijis and
tatters a1)out its back ; in what case opinions belonging to a low and early

mental state survive into the midst of a higher culture, pretending to be knowl-

edge, and being really superstition. Thus the study of the lower races has a

work to do in facilitating the intellectual progress of the higher, by clearing the

ground, and leaving the way open for the induction of general laws and their

correction by the systematic observation of facts, to the results of which method
alone we may fitly give the name of Science.
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INDIAN REMALXS NEAR RED RIVER SETTLEMENT, HUDSON'S BAY TERRITORY.

By Donald Gunn,

Red Riter, April 1, 1867.

I have been collecting a few Indian relics of former ag'es, sucli as stone axes,

mallets, and skulls. The axes are made of a fine-grained blue-stone, the mal-

lets of gneiss ; the skulls were taken from what are apparently sepulchral

mounds. Last October a neighbor living on the east side of tlie river, re(juiring

an additional cellar to preserve his root-crop from the winter frosts, commenced
digging into the top of a knoll in the woods, close to his field, taking out eight

feet square. He did not dig precisely into the centre of the knoll, but some-
what to one side ; on digging down he was rather surprised at the depth of the

surface-soil, or black vegetable mould, being so much greater here than he had
ever found it anywhere else

;
he, however, continued digging until he got from

four to five feet deep. Here he began to cut througli decayed wood, apparently

oak, which had been laid in a horizontal position. On getting a foot or so below
tliis, in paring down the side of the pit, he uncovered a human skull, having its

lower jaw attached, and lower down the vertebras, showing that tlie dead had
been placed in a sitting posture. In digging still farther, he found other human
remains, and at a depth of eight feet from tlie top of the tumulus and on a level

with the surface of the suiTOunding country ho struck on a floor of very smooth
and hard white mud, which appeared to have been hardened by the action of

fire, since bits of coal were found on it. On tliis clay flooring the following

articles were found, viz : four or five skulls lying on the face ; a number of

small bones, those of fingers and toes ; an earthen kettle, with a slioll in it,

such as live at present in this river ; bones of the beaver ; two pipes of fine

blue-stone, without a perforation
; three ornaments made of shell or bone—two

of them, I think, of the shells probably of tlie small turtles found here in

the river ; the other must be of bone and is about five inches in length ; one
perforated shell, used for ornament ; a few beads, made of shell.

'^I'here is another tumulus 400 or 500 yards directly south of this. It is

larger than the one that has been opened, and I think that if opened something
interesting would bo found in it. These mounds have been known for many
years past, but never supposed to have been works of art, or raised by human
labor ; but now I begin to entertain the opinion that many such sepulchral

mounds are to be found in this vicinity.

The Indians dwelling in this section of the countiy have no traditional

knowledge relating to these mounds ; when any questions are put to them as to

the time when erected, and the use for which they were raised, they answer
that they were mud dwellings, such as are occupied at present by the Mandans
on the upper Missouri ; and that they had boon built very long ago ; who the

builders were they know not.

This ignorance of former times can, to some extent, be pretty satisfactorily

accounted for from the well-known fact that this region has often had a change
of inhalntants since the advent of the whites. The Crus were in possession

when the first traders found their way to Lake Ouinipeg, as they then called it.

The Assiuaboines succeeded the Crus, on the latter tribes breaking otT or sep-



400 ETHNOLOGY.

arating from their kindred, the Dakotas. The Santena or Ojibois followed in

the wake of the traders from Canada, chiefly in the last decade of the last cen-

tury. If ever the Crus or the Assiniboines deposited their dead under mounds
of earth, they discontinued that mode of intennent long before the advent of

the 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 the conclusion that the}^ are monuments of considerable antiquity,

and that the race who constructed them, and whose remains they cover, have
passed away ages since or become mixed up with a race or races, if not more
barbarous, evidently less energetic and industrious, who did not manifest their

affectionate regard for the dead by performing so much labor in covering their

remains. May we not with some reason conjecture that the object for which

these mounds were heaped up with so much toil was to transmit to generations

then unborn the fame of some renowned patriot or chief who led the warriors

of his tribe to combat against encroaching foes, and who was victorious in the

strife ? The first thought that occurs to the mind in examining these tokens of

mortality is that they wei-e in course of erection during a long period of time
;

that succeeding generations took each a share in the work ;
buried tlunr dead

over those who had been deposited before them, and added their share to the

earth until the mounds assumed their full dimensions, or the practice of this

mode of interment fell into disuse
;
yet, on reflecting over the sul)ject, I am dis-

posed to come to the conclusion that these mounds were raised over the remains

of men who stood high in the esteem of their family and tribe ; who labored

to build their tombs from the laudable motive of perpetuating the memory of

friends and benefactors. The tombs might have lieen reopened from time to

time to receive the remains of the family or kindred of the first occupier to

whose memor\^ it had been erected, down to periods of time much more recent

than their origin ; or the Indians might prefer interring in these mounds, finding

them dry and easier to excavate than the surrounding soil ; such seems to have

been the case in regard to the great tumulus on the west side of this river.

Some time about 1786 the small-pox spread over what is now known as Hudson
Bay territory, carrying off the natives by thousands. The Crus at that time

occupied this vicinity. I have seen and spoken to an old man, the only sur-

vivor out of many tents, who stated that at the commencement of the mortality

the Indians, for some time, buried in the mound above described, but did not

erect it, and that at a later period of the disease the living did not attempt bury-

ing the dead.

"Up to the last years of the last century the Indians on the western shores of

Hudson's bay occasionally disposed of their dead by placing them on scaffolds

or stages. I am not aware that they ever returned to look after the bones for

the purpose of interring them. The Indians occupying this part of the country

at present inter the dead, but never, to my knowledge, in a sitting posture.

They press the knees up towards the chin—in a word they roll up the dead into

the smallest possible space, open a shallow grave, lay the body on its side, with

the face generally towards the east. The Assiniboines still continue the custom

of laying their dead on stages.

I trust that you will let me knoAv if the Institution is desirous of having any

of those antiquities of which I have written, viz : skulls, pipes, ornaments, &c.

If they are desired, I will search into some other mounds in this vicinity and

send whatever I find that may appear worth the cost of transportation.

The winter has been late in setting in ; we had very little snow before the

beginning of January. We have had very little snow in the settlements
;
but

it is spoken of as being very deep towards the Lake of the Woods and in the

plains towards the Missouri. The cold has not been extremely intense, but

very regular ; this is the 22d of March, and we have not had as much thaw as

to wet the soles of our moccasins.
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ANCIENT MOUND NEAR CHATTANOOGA, TENNESSEE.

By M. C. Read.

Tlie mouncl from whicli tlie specimens sent you were taken is situated on tlie

left bank of the Tennessee river, above Citico creek, and about one mile from

Cliattanooga. It is on the rich alhivial land bordering the river, and so situate

on the outer side of a curve of the stream as to be readily seen by parties coming
up or down the river, as well as by any one approaching- the valley over any of

the hills and mountains by which Chattanooga is surrounded. Directly east of

it is the site of an ancient pottery and manufactory of flint arrow-heads, several

acres being covered with fragments of broken pottery, burned clay, chippiugs

of flint and arrow-heads, many of them apparently. spoiled in the hands of the

manufacturer. Broken stone hammers, stone and earthenware pipes, flat circu-

lar disks of the size of large checker-men, made of stone, pottery, and occa-

sionally of hard, minera.1 coal, arie frequently found. The place, where these

are found has been for years under the plough, but, on digging to the depth of

eighteen inches or more, ashes and coal, amorphous masses of burned clay, frag-

ments of bones, and abundance of broken pottery, are found. This is all of a

coarse character ; the various attempts at ornamentation being rude and inar-

tistic. The material used was the earth taken from l»elow the surface and filled

with finely comminuted fragments of river shells. The surface is covered with

these shells, many of them in a good state of preservation, of the same character

with those found more abundantly down the river at Shell Mound and other

places, and all identical with the species still existing in the river. These facts

are of especial interest on account of their bearing upon the relative age of the

mound. This one is of an oval form, with a base of 158 by 120 feet ; the larger

diameter being upon the true meridian, or as near it as we could determine by
an ordinary pocket compass. The dimensions of the top, which was substan-

tially level, are 82 by 44 feet, and the height 19 feet.

For purposes of examination, and to provide the gardener of the Sanitary

Commission, who had his office on the mound, with a place to store vegetables

for spring planting, a tunnel was excavated into the mound from the east, a

little one side of tbe centre, and on a level with the natural surface of the

ground. When the point directly under the outer edge of the top of the mound
was reached, holes were found containing frag<nents of rotted wood, showing
that stakes or palisades luad been erected here when the mound was commenced.
The sound of the pick indicating a cavity or different material below, the exca-

vation was carried downward about two feet, when two skeletons were uncovered,

fragments of which, preserved, are marked No. 1. The bones were packed in

a small space, as though the bodies were crowded down, without much regard to

position of hands, into a pit not exceeding three feet in length. One of the

skulls is of especial interest, as possibly indicating that the remains are those of

victims immolated in some sacrificial or 1)urial rites. The side was crushed in,

as if with a club. I have connected together the pieces of the upper jaw, so

that they retain the position in which they were found, a position which cannot,

v.ith probability, be supposed to be the result of the settling of the earth around
it, if unbroken when buried. The bones of the bodies, although so friable that

they could not be preserved, were entire, in positions indicating that the bodies

had not been dismembered, and forbidding the supposition that they were the

remains of a cannibal feast.

The excavation was carried forward as indicated on the plat, and on a level with

the location of the skeletons first found. It became evident at once that the mate-

rial of which the mound was constructed was taken from the innnediate neigh-

borhood
;

it being composed of the same alluvial soil, full of the shells found

on the surface, but in a much better state of preservation ; but no arrow-heads,

26 s
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cbippings of flints, or fragments of pottery, now covering tlie surface, were

found. These would have been abundant if the mound had been erected subse-

quently to the manufacture of the, pottery and arrow-heads at that place. Sin-

gle fragments of pottery were found, but these were painted and of much better

quality than those found upon the surface.

The mound was composed of alternate layers of earth and ashes, showing

that a surface of the size of tho top, when finished, was kept substantially level,

and raised only two to three feet at a time when fires were kindled, which must

have been large or continued for a long time, as the amount of the ashes and
fragments of charcoal abundantly indicate.

Near the centre of the mound rows of stake-holes were found, as far as fol-

lowed, marking two sides of a rectangular parallelogram, which, continued,

would have formed an enclosure around the centre. In some of these were the

remains of the wood and bark ; not enough to show the marks of tools if any
had been used. They penetrated the natm-al surface of the ground to the

depth of about two feet.

Here, and at about the same level as at No. 1, were*found the skeletons of

which the skull-bones and other parts are marked No. 2. They were appa-

rently the remains of a youngish woman and two children, all so far decomposed

that only the parts sent could be preserved. The larger skeleton was in such a

position as a person would take if kneeling down, then sitting upon the feet, the

bands were brought to the head, and the body doubled down upon the knees.

The head was toward the south. The remains of the children were found at

the right side of this body, the bones mingled together.

About two feet directly under these, the skeleton, of which the skull is marked
No. 3, was found in a similar position, it is said, (I was not present when it was
taken out,) with the one above it.

I attempt no description and indulge in no speculations in regard to these

remains, as I have decided to forward them to you, for the examination of those

W'ho can compare them with other skulls, and are better qualified to make a

proper use of them. They are unquestionably of the age of the '' mound
buildere."

I enclose also, marked No. 4, remains taken from between two flat stones

near the surface of the mound at point marked No. 4. These are doubtless

of Indian origin.

I enclose also a poor photograph of the mound after it had been cleared and

ornamented b_y the gardener, showing his office, arbors, seats, &c., on the top,

and guards and laborers in front. It will serve to give you the outline of the

mound.
It was my piu'pose to continue the examination further ; to follow round the

line at No. 1 ; ascertain whether other bodies were buried in a similar position

;

to look for a completion of the parallelogram at the centre ; to cany a shaft

upward to the top, and connect and measure the successive layers of earth and
ashes ; l)ut the simultaneous firing of the heavy guns in the forts about Chatta-

nooga, at the celebration of Lee's surrender, produced such a shock that the

mound '' caved in," burying tools, vegetables, &c., to be found, perhaps, by
some future explorer, as proof of the intelligence of the race of the mound
builders. No other works are found in the neighborhood, but I obtained verbal

information of very many mounds, stone forts, rock inscriptions, &c., &c., in the

State, a careful examination of which might throw much light upon the cliarac-

ter of a race who liave left no other records.
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ANCIEXT BURIAL MOUND IN INDIANA.

Bv William Pidgeon.

At Viucennes, Indiana, in 1859, in the removal of a l>attle burial mound, I

noticed features altogether unlike any I had previously seen. It seems not only

to have been used as a deposit for the fallen warriors, but also as a place in

later times where bodies w^ere consumed by fire. That this was a custom of the

mound builders for many ag'es I have no doubt. This mound was removed
from a plat of ground owned by Ilasselback & Co., in the suburbs of the city,

and occupied as a distillery stock-yard. It was larger than mounds usually are

of that description, and at the time of its removal it had a diameter at the base of 66
feet and a perpendicular altitude of 16. I think it was originally more pyramidal
in form, its expansion at the base having been increased hy the tread of animals.

It has frequently been observed in the forest, where civilization has not yet

reached, that the battle burial mounds have an altitude of about one-third of the

diameter of the base. This mound, however, was the place of resort, for two
years, of several hundred hogs and cattle, enclosed within less than three acres,

although the surface, destitute of vegetation, seemed to resist all impressions

from the horns, hoofs, or snouts of the animals. It was removed in a manner
that favored the most critical investigation. The excavation, beginning at the

south side of the base, was continued on a level to the opposite side, presenting,

in well-defined outline, four separate stratifications above the first, which con-

sisted of a bed of human bones, arranged in a circle of 18 feet in diameter,

closely packed and pressed together, so much so that it was with difiiculty that

we raised from the entire mass two leg-bones retaining their primitive length,

which was twenty-seven inches. Others longer and shorter were seen, but could
not be disinterred. Around the outer edge of this circle the stratum was thinner

than in the centre ; skulls, legs, rib and ])ack bones lying, promiscuously
mingled, indicating a pile of bodies thrown together in pyramidal form. This
dejjosit Avas covered with a stratum of tough, grayish clay, that resisted satura-

tion almost as well as tallow ; the stratum of l>ones and clay each being thirty-

three inches in depth at the centre, the clay retaining its thickness throughout.

The third stratum was composed of earth that seemed to be formed of ashes,

with an occasional speck of calcined bone throughout the entire mass, but abund-
ant near the centre. Above this was a twelve-inch stratum, resembling the

subsoil around the mound, the whole being covered with clay that resists satu-

ration to an extent that, if protected by grass, would resist the elements for

centuries.

ANCIExNT REMAINS IN COLORADO.

By E. L. Bertiioud.

Mat 21, 1867.

About half a mile west of Golden city, Jefferson county, Colorado Territory,

and near the entrance of the canon of Clear creek, are ruins, formed of an old

broken down circumvallating circle of rough stone derived from the neighboring

mountains and a sandstone ridge south of them. These ruins are at the j miction

of a ravine ten feet in depth and the bed of the creek, which is about twenty feet

vertically lielow the wall. A large amount of stone has been taken for founda-
tion walls, &c., but enough remains to give an outline of its position and shape.

The stones are in many ])laccs imbedded in the soil and mossy A\'itli nge. On
the soutli side is a pit twelve feet wide and about fifteen to eighteen inches deep,

shaped like a saucer. The central mound, very plainly discernable, is nowhere
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over one foot liigli, is formed of granitic santl, and around its circumference are

tlie evidences of five or six sliallow pits, surrounded by a stone enclosure now
almost all gone and traced by broken fragments of stone, burnt bones, &c.

Both in tlie central mound, in the outer wall, and in tlae soil of the neighboring

pits and ridges, are many old decayed bones of buffaloes, fragments of antlers,

&c. No human remains, nor any tools, weapons or utensils of any kind, except

two flint fragments and a number of plates of mica, were discovered.

MOlIXnS IN MISSISSIPPI.

By Samuel A. Agnew.

GuNTOwnsr, Miss., January 11, 1868.

While Teading the article on " the ancient earthworks in the United States,"

in the appendix to the Smithsonian Report for 1866, I thought that perhaps I

might l>e able to furnish some facts relating to this general subject which might

perliaps contribute something to those engaged in the study of ancient Indian

remains, and I venture to forward them to the Institution, although I am uncer-

tain whether or not what I may state is unknown to those pursuing such studies.

Dille remarks ''no earthworks of any kind were seen by him in Mississippi."

I am a citizen of that State and have resided here fifteen years, and being a

minister of the gospel have had occasion to visit diflerent sections of this portion

of the country. During my peregTinations several mounds have attracted my
attention, and I will proceed to note down the localities of those and of others

of which I have some knowledge. I should state that when I mention the

height, circumference, or area of mounds, the figures are not the result of meas-

urement but of an estimate made from their appearance.

The following comprises a list of some of the mounds in this poiiion of the

country

:

No. 1. On the land of Joseph Agnew, on Camp creek, in the southeastern

part of Tippah county. It is about ten feet high and has several trees growing

on it. It has never been dug into.

No. 2 is near James Wiley's, in Pontotoc county, six miles west of EUistown.

It resembles in ai)pearance and is about the same height as No. 1.

No. 3 is near John M. Simpson's, five miles southeast of New Albany, in

Pontotoc county. The road cuts into one side of it. The elevation above the

surface is six or eight feet. Human Itones were found in this mound.

No. 4 is on the north side of Tallahatchie bottom, on the road from New
Albany to Ripley. Its top has been flattened, and when I last saw it, eight

years ago, a neat little residence was on the summit.

No. 5 is a large mound in Pontotoc county, near the residence of AVilliam

Parkes, between Batchiecanilila and Oconitahatchie creeks, about ten miles

southwest of New Albany. It is quadrangular, with a flat top, and contains, I

suppose, as much as a half acre of level land on its summit. It is from ten to

fifteen feet high and I think has not been examined for remains.

No. 6 is in Tishomingo creek bottom, near Dr. Selman's farm, five miles

west of this place. Its summit embraces an area of from one-quarter to half au

acre. - Trees are growing on its sm'face. I did not ascertain its height.

No. 7 is on the same creek, near Duncan Clark's, ten feet high, and about

thirt}^ feet in diameter.

No. 8, near Mr. T. A. Sullivan's, in the same vicinity, is another mound ten

feet high. Two large post oaks are growing on its top. It was dug into

several years ago and a bed of ashes was reached, when further excavations

ceased.
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No. 9 is a monnd whicli was on the Fane place, in the same neighborhood,
the snrlace of which was cultivated. In 1860 a silver thimble was ploughed up
on this mound, which is in possession of Dr. Selman of this place. He says
that it is much larger than ordinary-sized thimbles, and is of the opinion that it

is a relic of past times evidently of a civilized people.

No. 10 is a mound in Mr. Longbridge's farm, near Binningham, the surface

of whicli is cultivated, which was dug into eight or ten years ago, and pieces of
pottery with strange figures on them discovered. Silver ear-rings were taken
from some ancient graves adjacent to it. All of these mounds, from No. 6 to

No. 10 inclusive, are situated from five to eight miles west of this place.

No. 11 is a monnd two miles above..Baldwyn, and within fifty yards of the
Mobile and Ohio railroad, of considerable size. An Irishman dug into it just

previous to the war, but I have not learned the result of his explorations.

No. 12 is a mound six miles southeast of No. 11, on Michenoi-'s near Mana-
tachie creek, thirty or forty feet in circumference. A hickor}' tree two feet in

diameter grows on its top. The mound is eight feet high.

No. 13 is a large mound near Knight's mill, in this county (Lee.) Its sum-
mit contains about half an acre ; a dwelling and well is on the mound.

No. 14 is a small mound near Dr. Maas, two miles east of Ellistown, eight

feet high, which has a red oak growing on it, three feet in diameter.

No. 15 is a mile south of Guntown, on the Mean's farm, sixty yards in cir-

cumference and eight or ten feet in height. It is cultivated.

No. 16 is a group of some seven or eight mounds, in Twenty-mile creek bot-

tom, at a distance of from eight to fifteen miles east of this.

No. 17. I have heard of another mound which I ought not to omit to men-
tion. It is on the V)ottom (low ground) of Yorribie creek, three miles south of

Birmingham, on the lands of John A. McNiel, said to be one hundred feet high,

and covers an are of a half acre. Large trees are growing over it from three to

three and a half feet in diameter.

No. 18. Near this mound, in the same creek bottom, are two other mounds,
large, on the lands of a New York land company.
From all the information I have obtained, I believe that there are multitudes,

I might truly say hundreds of mounds scattered over Tippah, Pontotoc, Lee, Itaw-
aml)a, and Tishomingo counties. I am infonned that there are several in

Osctibbeha county, and perhaps it might be safely affirmed that they may be
found in the greater part of the State.

The mounds are, so far as my obsei^vation extends, situated adjacent to water-
courses. They are generally placed in what we call second bottoms—elevated
level land lying between the bottom proper and the hills. Some, however, are

in the low ground, near the water-courses. They are found on 1'allahatchie,

Oconitahatchie, Yorribie, Camp creek, Tishomingo, Twenty-mile creek, Mana-
tachie, &c. Why they are always so situated I am unable even to conjecture.

It certainly is not the result of chance.

The popular opinion among the people is that the mounds are places of burial.

Human bones were found in one near J. j\I. Simpson's. A gentleman not far

from here used the earth of a mound for making brick. He found, to use the
expression of another, '' a heap of coals and a piece of isinglass." In the mound
near Sullivan's, ashes were found.

Another fact is, they are not confined to a particular locality, but are scattered

through the country. Sometimes a solitary mtjund stands remote from others,

and again you will sometimes find several grouped near each other.

I have no doubt that a {borough exploration of north Mississippi (and I might
include the whole State perhaps) would show that mounds abound, and no field

offers more abundant materials in which to search for the remains of a departed
race.

While writing of these Indian mounds, allow me to direct vour attention to
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a fact ^^•llicll may or may not l»e of importance. Nearly 12 years ago I had
pointed out to me on a long ridge, Ijetween Julm's creek and Frieudsliip clmrcli,

in Pontotoc county, tlie remains of ancient ditclies or embankments. I did not

examine tliem closely, and hence cannot describe them satisfactorily. The
direction of the ditch or embaidiment could be clearly traced Ijy the eye, and,

according to my recollection, plots of ground in the shape of parallelograms

were enclosed by these ditches. I was told that the first settlers found these

things when they came to the country, and that the Indians did not know who
had made them, or with what design. To me they seemed too regular and exact

to be the work of ignorant savages. The idea suggested itself to my mind
that perhaps these ditches or embankments were the remains of some fortified

camp occupied by De Soto, during his famous march through this region of

country. I believe that our histories relate that he spent a winter in camp in

the Chickasaw nation. But my knowledge of the methods of fortification in

vogue at that period is so limited that I am not qualified to ventm'e an opinion

on the sul)ject. But the intelligent antiquarian might in these remains find a

clue which would throw some light on the past, and interest the liistoric world.

All the accounts that I have seen of the wonderful march of this Spanish

chieftain agree that he spent, in 1640, a cheerless winter among the Chickasaws,

his progress being impeded by impassable rivers, &c. One historian says his

camp was on the Yazoo, but this must be an eri"or. It is generally conceded

that he first reached the Mississippi near Memphis, and in marching from the

Chickasaws to that point he Avould not see the Yazoo, which was in the Choc-

taw coimtry. Some writer (perhaps Wailes, in his Geological Report of Missis-

sippi, 1856) states that De Soto was in Pontotoc county. Kow there is no
stream between Pontotoc county and Memphis so likely to hinder his march as

the Tallahatchie. Hence I think the cheerless winter he spent among the

Chickasaws was on the south side of the Tallahatchie river. These remains

are a few miles south of the river, and possibly this may be the very place

where De Soto camped. If the localitj? remains uncleared, as when I saw it,

I have no doubt they can still be traced. And should their examination be

deemed of interest, I will with pleasure direct any one to the gentleman who
pointed them out to me. An examination might demolish my theory, for you
remember that I disclaim any knowledge of their character or extent. All that

I can state positively about them is that they were there when the country was

first settled by whites, and the Indians could give no information respecting

them.

Captain B. F. Loughridge informs me that in 1852 the silver front of a cap,

with the French inscription :
" Dieu et mon Droit," was picked up on his place.

This, probably, is a relic of the Bienville expedition against the Chickasaws,

about 100 years ago. In the old Indian fields near Harrisburg, in this (Lee)

county, cannon balls have been picked up, and other evidences of a battle found.

They are probably relics of the same expedition.

CAVE IN CALAVERAS COUNTY, CAIIFOENIA.

By J. D. Whitney.

The following is an account of the cave from which the skulls now in the

Smithsonian collection were taken. It is near the Stanislaus river in Calaveras

county, on a nameless creek about two miles from Abbey's feny, on the road to

Vallicito, at the house of 'Mr. Robinson. There were two or three persons with

me who had been to the place before, and knew that the skulls in question were

taken from it. Their visit was some 10 years ago, and since that the condition

of things in the cave has greatly changed. Owing to some alteration in the
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road, mining' operations or some otlicr cause wbicli I conld not ascertain, there
has accumulated on the formerly clean stalagmitic floor of the cave a thickness
of some 20 feet of smface earth that completely conceals the l)ottom, and which
could not he removed without considerable expense. This cave is about 27 feet

deep at the mouth, and 40 to 50 feet at the end, and perhaps 30 feet in diameter.

It is the general opinion of those who have noticed this cave and saw it years
ag'O, that it was a burying place of the present Indians. Dr. Jones said he found
remains of bows and arrows and charcoal with the skulls he obtained, and which
were destroyed at the time the village of Murphys was burned. All the people
spoke of the skulls as lying on the surface, and not as buried in the stalagmite.

I'he skulls should be examined by some craniologist, and then if the results

make it worth while to have excavations made in the cave to see if anything'
further can be discovered underneath the soil, $100 would pay the expenses, I

presume. In the mean time everything will remain as it is. There can be no
fm'ther harm done or material carried away.

I visited several other caves in this region, \nth negative results as far as bones
were concerned.

[These skulls were, with a large number of others belonging to the Smith-

sonian Institution, examined by Prof. Jeffries Wyman, who discovered no pecu-

liarities by which they could be distinguished from other crania of California.

A complete series of measurements conld not be made of their several dimensions

without removing the stalagmite \Yhich encrusted nearly the whole surface of

each.—J. H.J

ETHXOLOGICAl DEPARTMENT OF TEE FRENCn EXPOSITION, 180^.

[Translated for the Smithsonian Institution from the Revue des Cons Scientifiqucs dc la France
et dc I'6tranger.^

M. G. de Mortillet is about to publish an octavo volume, having for its

title ^' Pre-historic Rambles at the Universal Exposition," comprising a descrip-

tion of that part of the collections which illustrate our knowledge of the works
of industry, as elaborated by our first ancestors, who were cotemporary with the

great fossil animals ; for scientific research has penetrated into that era, and is

now seeking to restore to us their customs, mode of living, and, in fine, the first

rudiments of civilization. Numerous figures are given representing the most
curious objects to be found in this section of the Universal Exposition ; indeed,

the richest and most instructive ever assembled in one place. "We borrow the
following passage from this interesting work, exhibiting the most recent disco-

veries in pre-historic anthropology, and upon a subject which holds a place in

the history of mankind analogous to that of geology to the history of the earth.

ART IN THE CAVES.

(First French corridor of the history of labor—first glass case from the centre.)

This case contains an exhibition of the state of art at the period of the rein-

deer, or the second cave epoch. There are 51 exceedingly curious pieces—

a

wonderful collection, which has been estimated at a million francs by an ama-
teur, who made an offer of that siun if the whole should be transferred to him.
Undoubtedly they are the most original woi'ks in the Exposition of 1SG7. No-
thing similar has ever before been exhibited. Of very recent discovery, and only
in part as yet seen by the public, they have never been brought together before
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this time. It may further be stated that they are exclusively of French pro-

duction, none such having as yet been met with elsewhere, and even for France

are only at present foimd grouped in a small corner on the southwest part of the

empire. One may almost say that in those obscm^e times a feeling for art had

made its appearance, and was undergoing gradual development in a limited

circle, witliout spreading among the adjacent tribes, possessed of similar manners

and civilization. In fact, it is only made apparent at present by the representa-

tion of organic beings, by animals or plants, in Dordogne, (the principal centre,)

Vienne, Charente, Tarni-et-Garonne, and at Ariego. The reindeer period with

its various industry has, however, been recognized at many points in the eastern

part of France. It has yielded a rich harvest in Belgium, where it has been

studied with care by M. Edouard Dupont ; finally it has been noticed in Wurt-
eniberg,.not far from Lake Constance, by M. Fraas, but neither of these stations

have furnished representations of animals.

The substances in which the artists of that period worked are sometimes plates

of stone, more or less schistose in character ; likewise at times the ivory fur-

nished ])y the defensive organs of the mannnoth, or some portion of his bones

;

but the most common material W'as the horns of the reindeer, more than half of

the objects on exhibition having been sculptured in it.

Of the 51 pieces on exhibition at least 12 of them belong to those staffs,

pierced with one or more large holes at the base. The exceeding care taken iu

ornamenting these objects fully confirms the opinion of M. Lartet, who looks

upon them as insignia of office or batons of command.
Six or seven other sculptured pieces belong to those implements so sharply

pointed at the upper end and bevelled or sloped off at the base. This shows
us that they were lance-points or heads, since they would never with so much
pains have ornamented their aiTows, which were to be lost at the first throw.

Upon some of these lance-points, as I have already stated concerning the

second division, the slope of the base cuts away and destroys a part of the design.

In certain instances of these batons of otiice, piercing the holes has produced the

same efl'ect. Ail this shows that these people placed art above industry. In
truth, they were eminently disposed towards art. In their cai'\"ing and sculptures

there may be observed so true a feeling for form and movement that it is nearly

always possible to pronounce exactly what animal is represented, and to perceive

fully the intention of the artist. There is very considerable liveliness shown iu

the treatment, and, although only tlie infancy of art, real art it incontestably is.

These efforts are far, very far removed from the clumsy, rough draughts made
by children, and particularly the ridiculous counterfeits, caricatures.

TJie mammoth.—Standing before this case and fronting the centre, there is

perceived a large plate of ivory, coming from Madeline, in Doi'dogne, (exhibited

by MM. Lartet and Christy,) upon which is engraved, in a sketchy manner, an
elephant with swelling forehead, very little eyes, and long trunk. What is still

more interesting is that the tail of the animal is clothed Avitli long hair forming

an ample tuft or brush, which proves that the design is not to represent our living

species, but that of the mammoth or long-haired elephant. Above it is the

lower end of an official staff or baton of reindeer horn, carved into un elephant's

head with protruding forehead, on either side of which may be seen a large ear

and a small eye, and the trunk is neatly arranged extended along the base of

the baton. This specimen, w'hich belongs to M. Vibraye, comes from Langerie-

Basse, in Dordogne.
Close at hand is a piece still more complete ; it is an entire mammoth carved

upon the broad antler of a reindeer. This specimen was found under the shelter

of a rock at Bruniquel, (Tarue-et-Garonne.) and belongs to M. Peccadeau de
ITsle. The four limbs are at once recognized, straight, thick, without sensible

joints, and terminated by large, flat feet. From the front passes out the haft of

a poniard ; if the broken stump which is left be taken away, it will be seen that
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tlie animal lias his head lowerecl, and the elongated trunk extends down to

between tlie two front feet. Tlie mouth is distinctly defined ; the tusks only are

not exactly in their right position, since, for their support, it was found necessary

to lay them out against the blade of the poniard, causing them to be placed higher

than they should be, and consequently locating the eyes in a somewhat abnor-

mal relation. This elephant, so well characterized by his large, flat feet, his

trunk and tusks, is certainly the mammoth. In fact, the sculptor has given an

elevation or turning up to his tail, which having been broken off, as may easily

bo seen, the artist has drilled a hole from one side of the palnuited antler to the

other, and has inserted in the hole another similar caudal appendage. Existing

elephants having but little or no hair, have no fouct, and do not turn the tail

up. With tlie mammoth, however, it was far otherwise, having a felt thickly

compounded of wool and hair. The elevation of the tail may also be noticed

in the carved mammoth on an ivory tablet of M. Lartet. Very probably it was
the accidental fracture of the tail of the mammoth which induced the artist of

Bruniquel to arrange the tusks a little out of their normal position in order to

give them a more solid support against the blade of the poniard.

The reindeer.—A curious, unfinished attempt to make a dagger of a horn of

reindeer, coming to its from Langerie-Basse, exhiliited by MM. Lartet and Christy,

explains perfectly the preceding specimen. The handle is formed of a reindeer

carved with his nose projecting towards the antlers flattened on his back, the

front legs bent under his body so as not to wound the hand ; the hind legs are

stretched out so as to connect the animal forming the handle to 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 the mammoth just

described ; they belong to M. Peccadeau de I'Isle, and are of ivory. They are

admiralily sculptured, nicely finished, and executed altogether wiih n)uch art.

Undoubtedly this is superior to any specimen hitherto discovered. The two

reindeer handles have the nose of the beast extended forward, a position into

which it is forced by laying the antlers along the back. The blades of these

daggers are broken. In one of them the blade passed out of the upper part of

the body, and the hind legs were supported against it, the front legs being folded

under the bodv. In the other, on the contrary, the blade passes out of the

anterior part, from between the head and the fore legs. The hind legs, being

projected beyond the body, unite again at a certain distance, leaving an open

space between them, which in all probability answered the purpose of a ring, by
means of which the poniard could be hung up. In the mammoth the space

which was between the legs, closed at the feet, answered the same purpose.

Below these two handles for poniards will be found a fiat piece of schistose

rock, on which is engraved a sketch of an amorous combat of the reindeer. M.
de Vibraye is the collector of this specimen, this true jiicture, at Langerie-Basse.

A male animal is seen in fierce attitude, which, after having made his rival bite

the dust, approaches the female in an amorous manner, of which nothing is seen

l)Ut the liind quarter. This composition of qvute a complicated character, ren-

dered with a true feeling for the situation, is executed with remarkable sprightli-

ness. Each of the animals is drawn as if none other was present. Thus the

legs of the defeated reindeer, which ought to be concealed by the body of the

female, are, notwithstanding, fully and neatly represented.

In one of the angles of this case many other carvings of the reindeer may be
seen ; among which one may be cited, a very handsomely sculptured head, from

Langerie-Basse, belonging to M. de Vibraye, and a fragment of a staff of office,

on which is carved a fawn of this deer with spotted skin, acconqtaiiied by its

dam. This nwrceau, of the collection of MM. Lartet and Christy, comes from

Madeline. . For the sake of the locality mention may be made of a fragment of
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a laiice-hoad from the grotto of la Chaise, (Charente,) belonging to M. BonrgeoiS;

on which are carved two reindeer.

Cave tiger.—The central line of this case is occupied, beginning at the left,

by a fragment of a staff of ofiice, from Bruniquel, (M. Brun,) on which is neatly

carved a large tiger. Its head is rendered perfectly, and comparing it with a
fine cranium found in this case, fronting the spectator, travee 4, one easily recog-

nizes it as that extinct species which the people of Bruniquel intend'ed to repre-

sent.

3Ian.—Above these objects are placed some representations relating to man.
The principal one consists only of a fragment of an official staif, from Madeline,

(MM. Lartet and Christy,) on which is engraved a small human figure of a thin

and elongated shape, placed between two horse's heads, followed by a serpent, or

a fish resembling an eel.

Next stands a small statuette in ivory, from Langerie-Basse, which has been
designated by its owner, M. de Vibra3'e, as an obscene idol. It is a female fig-

m'e, thin and elongated, the sexual parts l)eing very large, and the posteriors also

prominent. The head and feet are wanting, having been broken ofl" in ancient

times ; the arms never existed. A little on one side may be seen a piece of a
lance-head from Madeline^, (MM. Lartet and Christy,) on which are carved in

bas relief, one after the other, a row of hands, so shaped as to exhibit but four

fingers. SI. Lartet has called attention to the fact that certain savage tribes

still represent the hand in this manner, omitting the thumb.
The ajie.—Adjoining tliese human effigies is a small plate of bone from Bru-

niquel, (M. Peccadeau de I'Isle,) on which is carved the head of an animal
closel}^ resembling that of an ape. No fossil bones of this animal have as yet,

however, been discovered.

TJw great bear.—At the end of the central line, right side, is a schistose peb-
ble, having on a fiat surface a sketch of a great cave bear. This design, dis-

covered in the grotto of Massai (Ariege) by M. Garrigou, can only bo seen with
difficulty. At the time of its discovery the depressed tracings were partly filled

by incrustations which served to render it more plainly visible, but having passed
through numerous hands, by which means the sinface was more or less rubbed^

these incrustations have at length nearly disappeared, rendering the sketch but
feebly visil)le.

Stag.—Next to the pebble of JMassai comes a piece of stag-horn from Made-
line, (MM. Lartet and Christy,) on which is carved an ordinary stag.

The aurochs.—In one of the corners are grouped difierent representations of

this bull. Among others a head carved on a reindeer horn, being the lower end
of a baton of office, from Langerie-Basse, belonging to M. de Yibraye. Other
heads carved in the same material or on bone exhibit handsome types of bulls,

which should be refeiTcd to the aurochs. One is particularly remarkable, from
Langerie-Basse, and belonging to M. de Vibraye. From Eyzies, also, (j\I]\I.

Lartet and Christy,) there is a j'Oung bull carved with great perfection.

Horses.—In another corner the representations of horses are grouped together.

On a stafi' of office of reindeer horn from Madeline, (MM. Lartet and Christy,)

may be viewed a carving of three horses in a manner perfectly characteristic of

the animal.

A very singular implement, made of reindeer horn, from Langerie-Basse,

(MM. Lartet and Christ}',) which is armed at one end with a harpoon carrying

a barb, shows very near to this latter appendage a finely carved horse's head.

The ears are carefully elaborated—a little long. If we connect this fact with
what is shown in the carving of a head in this third travee, the ears of which
resemble those of an 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 animals scattered through this

case, but more particularly grouped in the fourth corner, viz

:

The icild goat.—Representations of these animals are brought from Madeline



ETHNOLOGY. 411

and Langerie-Basse, (MM. Lartet and Christy,) and from Massai, (Aricge,) (M.

Garigou.) Those which are best executed are fi'om Langerie-Basse, on a large

palniated surface of reindeer horn.

Birds.—Some figures of birds having a long neck, from Madeline and Lang-

erie-Basse, (M. de Vibrayc,) very much resemble the swan. On a piece of a

lance-head from Madeline (M31. Lartet and Christy) may be seen a series of

birds, one following the other, probably geese.

Fishes.—There may be seen a iigure of a fisb on the harpoon previously

described as bearing a horse's head. A fragment of reindeer horn from Made-
line (MM. Lartet and Christy) contains three or four fishes with their scales dis-

tinctly marked, even exaggerated ; and another skeletonized, as it were, finely

carved on a piece of the lower jaw of a reindeer; it comes from Lan,gerie-Basse,

(3L de Vibraye.) Another, exhibited by M. Garrigou, brought from La Vache,

(Ariege,) is finely carved on a piece of bone ; it is thought to be a figure of the

morse. But the appendages regarded by some as representing the tusks of that

animal, seem to me to be nothing more than the beard of the barbel, gudgeon,

or loach, fishes common in that region.

Bcptiles.—Figures of dift'erent reptiles more or less distinct are exposed ; one

of a tadpole is very neatly sketched on a lance-iioint, which comes from Made-
line, (MM. Lartet and Christy.)

Flowers.-^TliG vegetable kingdom is infinitely less represented than the ani-

mal. Among all the figures here recounted as filling the central glass case,

there are found sketches of but three flowers. Two of these are large, having

nine petals, carved upon a lance-point, from Madeline, (MM. Lartet and Christy;)

and one of the shape of a tulip with a waving stem, also carved on a lance-point

from Langerie-Basse, (M. de Vibraye.)

Conclusion.—The contemporaneity of man and the various extinct animals,

and with the indigenous reindeer in France, is broadly, firmly, incontestably

proven by the discovery of these products of human industry and skill, so abund-

antly mingled with the exuvia of these extinct or emigrated animals, in the undis-

tm'bed quarternary beds, and in the midst of cave deposits which have never

Tbeen manipulated. In this relation an inspection of the glass cases which deco-

rate the left part of the first corridor of the history of French labor, leaves no
doubt on the mind ; they fully convince the most obstinate and incredulous.

The case containing an exposition of the art of the reindeer period affords a

demonstration still more irresistible. Man has not only perfectly represented

the reindeer, an animal now emigrated to the north, but likewise the great cave

bear, the cave tiger, the mammoth, which are extinct, and habitually the carv-

ings are executed on the spoils of the reindeer and mammoth themselves. Be-

yond all question man was the contemporary of those animals, parts of which he

used for his sustenance, and which he has represented so truly by his art. No
more convincing demonstration could be desired or expected.

NOTES OX INDLIN HISTORY, &C.

By Dr. F. V. Havden, U. S. Geologist.

JuLESBURG, Colorado Teekitort, October 10, 1867.

I have made some interesting observations in regard to Indian history in the

course of my geological survey of this Territory. Most of the Indians of the

lower Missouri, as the Pawnees, Otoes, lowas, Missourias, live in cartli-built or

stationary villages, and have done so from time immemorial. Tlie tribes on the

upper Missouri do the same—Arickarees, Mandans, and ]\Iinnetans. All along

the Missouri, in the valley of the Little Blue, Big Blue, PLatte, Loup Fork
rivers I have observed tlie remains of these old dirt villages, and pieces of pot-

tery are almost invariably found with them.



412 ETHNOLOGY.

But on a recent visit to the Pawnee reservation on Lonp Fork I discovered

the remains of an ohl Pawnee village, apparently of greater antiquity than the

others, and the only one ahout \vhich any stone implements have as yet been
found. On and around the site of ever}- cabin of this village I found an abund-
ance of broken aiTow-heads, chipped flints, some of which must have been
brought from a great distance, and a A'ariety of small stones, which had been
used as hammers, chissels, &c. I have gathered about half a bushel of the

fragments of pottery, arrow-heads, and chipped flints, some of which I hope to

place in the museum of the Smithsonian next winter. No Pawnee Indian now
living knows of the time when this village Avas inhabited. Thirty years ago
an old chief told a missionary that his tribe dwelt there before his birth, but he
knew nothing of the use of the stone arrowheads, though, he said, his people

used them before the introduction of iron.

This discovery is interesting, as it is the first tribe that I have ever been
able to find connecting the stone age with the persons in the Missouri valley.

I have asked the most intelligent Indians of more than 20 tribes in the valley

how far back in the past the Indians used stone arrow points, iind I have
received but one answer. They would point toward heaven and say, '' The
Great Spirit only knows. We do not."

At Pine Bluffs, on Cole creek, a branch of the Platte, and on the line of the
Union Pacific railroad, there are large quantities of chipped flints and arrow-
heads, showing that in former times they wrought them at this locality.

Mr. S. B. Reed, superintendent of construction Union Pacific railroad, found
specimens of pottery abundant, arrow points, and chipped flints on the plains

near the Humboldt mountains.

The pottery was made of disintegrated granite, as it was full of particles of

mica. These remains may possibly be modern, for the Digger Indians, who
inhabit this region, a low, degraded people, even now use flint arrow points,

though they use no pottery. There is now no evidence that the Indians of this

region ever used any pottery like that found, so that it may be possessed of

some antiquity.

I have collected considerable material in the Omaha, Pawnee, Winnebago,
and Otoe languages for the second part of ethnography and philology of the

Indian triltes of the Missouri valley, and hope to have the memoir ready for

publication in two years.

DESCRIPTION OF A UIMAN SKULL IX THE COLLECTION OF THE SMITHSO-
NIAX IXSTITiTIOX.

By J. AiTKEN Meigs, M. D.

This remarkable cranium, No. 6439 of the Smithsonian collection, was found
in June, 186G, in a fissure of the rock, at Eock Bluff", on the Illinois river,
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where tliis river is crossed by tlie 40th parallel of latitude. The fissure, which

is three feet wide, was filled with tbe drift material of this region, consistiag of

clay, sand, and broken stone, the whole being- covered with a stratum of surface

soil. In this bed. which had appai-cntly been undisturbed since the deposit,

was found the skull under consideration, at the depth of three feet.

It is dolichocephalic and symmetrically oval in form, and is especially remark-

able for its great length, for tlie protuberance of the posterior or parieto-occipital

region, the "flatness of the frontal bone, the great development of the super-

ciliary ridges and the mastoid processes, and the depth of the temporal fossse.

The length as compared with the breadth is as 41 to 27, and with the height

as 41 to 28. The sagittal sutme has evidently undergone complete ossification

at a comparatively early period ; a small portion only of the anterior part of

this suture showing any traces of the serrations. The lambdoidal suture appears

to have become ossified at a later period, and is less completely obliterated than

the sagittal. The occipito-teraporal sutures, which are generally the first to

ossify, are still open, as is also the coronal suture. Owing to this departure

from the usual order of ossification of the sutures, the lateral expansion of the

brain has l)een interfered with, and its antero-posterior or longitudinal develop-

ment greatly favored. The extreme elongation of the skull, therefore, is readily

accounted for. From the superior region the skull widens out towards the base

to such an extent that the intermastoid diameter or breadth at the base is some-

what greater than either the bi-temporal or vertical diameters. The mastoid

processes are very large. The upper half of the os occipitis is quite prominent,

and the convexities indicating the position of the cerebellar fossae moderately

full and rounded. The alisphenoids curve backwards considerably between the

anterior, inferior angles of the parietals and the squamous edge of the temporal

bones. Their external surface is deeply concave, as is also that portion of the

OS frontis lying directly behind the external angular process, and below the

temporal ridge. Hence the temporal fossae are unusually deep. The super-

ciliar}' ridges are thick and protuberant, curving somewhat like the horns of a

goat, upwards and outwards from the glabella, of which they appear to be the

continuation, and completely overhanging the ossa nasi and the upper and inter-

nal angles of the orbits in such a manner as to coalesce with and obliterate the

inner half of the supra-orbital margins.- Above these ridges the os frontis is

incurvated, but becomes somewhat more prominent again at a point just below
the middle of the frontal suture. The great prominence of the superciliary

ridges in this cranium is a notal»le feature, inasmuch as the American aboriginal

skull is characterized by the absence, rather than by the presence of these ridges.

I find, upon careful examination, that in the great majority of the American
Indian crania contained in the collection of the Academy of Natural Sciences,

these ridges are wholly or almost entirely absent. They are moderately devel-

oped in the followdng specimens: Assinaboin, No. 659; Naas, No. 213; Klika-

tats, Nos. 203, 207, 461; Calapoovah, No. 574; Cherokees, Nos. 12S5, 1297;
Chetimache, No. 70; Chippewa, No. 683; Creeks, Nos. 441, 579, 1454, 204;
Hurons, Nos. 1217, 1218; Iroquois, Nos. 16, 989; Lenapes, Nos. 418, 1265;
Mandans, Nos. 740, 741, 742, 1220, 1222; Miami, No. 106; Mohawks, Nos.

895, 896; NaiTagansetts, Nos. 950, 954, 956, 1040; Naticks, Nos. 110, 116;
Osage, No. 54; Ottigamie, No. 415; Penobscot, No. 89; Pottawatomie, No.

737; Seminole, No. 732 ; Shoshone, No. 1449; Euchee, No. 39; Oneida, No.

33; Pocasset, No. 1036 ; Seneca, No. 1516 ; from the mounds, Nos. 53, 1270,

1511; Inaya, No. 990 ; Araucanians, Nos. 655, 997, 1242; Caribs, Nos. 638,

692; Brazilians, Nos. 1254, 1528; Peruvians, Nos. 67, 1279, 1282, 1363, 13,

77, 84, 85, 92, 409, 1456, 1461, 1462, 1465, 1470, 1472, 1473, 1481, 1482,

1499, 1500, 1504, 72, 996, 1413, 1416, 1417, 1426, 1427, 1432, 1440, 1442,

73, 449, 68, 91 ; Kahnica Mexican, No. 34 ; Otomie Mexicans, Nos, 1000,

1002; Pames Mexican, No. 681; Ancient Mexicans, Nos. 1314, 682, 234;
Lipans, Nos. 1345, 1346; Modern Mexicans, Nos. 1515, 555, 558.
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The superciliary ridges are more decidedly developed in the Lenapes, Nos.

135,249; Mandans, Nos. 78, 563; Miami, No. 541 ; Mimetari, No. 749 ; Otoes,

Nos. 755, 756, 757 ; Ottawa, No. 1006^; Ottigamie, Nos. 639, 694 ; Pottawa-

tomie, No. 657; Sanks, Nos. 561, 1246 ; Shawnees, Nos. 691, 1210; Shoshones,

Nos. 1446, 1447, 1448; Upsarookas, Nos. 1228,1229 ; Winnebagoes, Nos. 559,

560; Yamassees, Nos. 1215, 1216; Apache, No. 935; from the mounds and
caves, Nos. 416, 1237, 1510, 436, 43?, 653, 439, 440, 1287, 1288, 992, 1564,

1512; Kenawha, No. 212; Brazilian, No. 1529; Peruvians, Nos. 1365, 1366,

1367, 1368, 75, 95, 406, 697, 752, 1474, 1475, 1490, 1491, 1495, 1496, 1501,

1509, 1221, 1326, 1370, 1373, 1407, 1408, 1428, 1443, 1484, 412, 414, 452,

231; Mexicans, Nos. 714, 717, 718, 720.

The dimensions of the Smithsonian skull are exhibited in the following table:

Inches.

Occipito-frontal or longitudinal diameter 7\^
Frontal diameter 3 §
Bi-tcmporal diameter 5^-g

Bi-parictal diameter 5

Posterior transverse diameter, (between the posterior, infeiior angles of the

parietalia) 5 §
Vertical diameter 5 ^
Intermastoid diameter 5 §
Occipito-frontal arch 14f
Frontal arch 11

1

Parietal arch 12

Occipital arch 10
Horizontal periphery 20 f
Meato-frontal diameter 4y'^

Meato-parietal diameter 3 y^^

Meato-occipital diameter A]l

The region of country from which this cranium was obtained was occupied,

when first visited l)y the Jesuit missionaries in 1665, b}^ the Sauks, Saukies, or

White Clay Indians; the Foxes, Ontagamies, or Ottigamies, or, as they called

themselves, Musquakkink, or Red Clay Indians; the Kickapoos, and the Illi-

nois—the latter comprising the Kaskaskias, Cahokias, Tamarouas, Peorias, and,

by confederation, though not by consanguinity, the Mitchigamias. These western

tribes of the great Algonkin stock are represented in the academy's collection

by three Sauk, four Ottigamie, and six Illinois crania. The Smitlisonian cranium

bears no resemblance to the Sauk or Ottigamie skulls, nor to any of the Illinoig

crania, except Nos. 1500 and 1511, which were taken from an ancient mound.
These two skulls are very much alike, and they resemble the Smithsonian head,

in their oval form, in the flatness of the frontal bone, the prominence of the

superciliary ridges, and the depression above these ridges. There are two other

mound skulls in the academy's collection, Nos. 1287 and 1288, which bear

some resemblance to the skull under notice. These were taken from an ancient

mound in Cliillicothe, Ohio, l)y Dr. E. H. Davis and Mr. E. G. Squier. No.
1287 has a flat forehead and somewhat elevated superciliary ridges, and is

dolichocephalic and oval in form. No. 1288 is more like the Smithsonian speci-

men in its elongated and oval eorm, and in the prominence of the occiput;

though the frontal bone is not so recedent, and the superciliary ridges much less

prominent. The dolichocephalic Upsaroka skull. No. 1228, somewhat resembles

the Smithsonian specimen in the elevation of the superciliary lidges, and the flatness

of the frontal bone. Of all the American Indian crania, however, contained

in the nmseum of the academy. No. 744, which I have provisionally referred to

the Kootenays, approximates the Smithsonian specimen most closely in- its

dolichocephalic, oval form, the flatness of the forehead and prominence of the
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superciliary ridges. No. 744, liowcver, is less regularly and s}n.Tiinetrically oval,

projects more in the super-ccipital region, and lias a more recedent forehead.

The superciliary ridges are equally prominent in both skulls, but in the Kootenay

head they do not coalesce with the supra-orbital margins, as is the case in the

Smithsonian skull. In the Kootenay cranium tlie supra-orbital margins are dis-

tinct and well defined throughout their whole course, from the internal to the

external angular processes. In the Smithsonian head, as we have just seen, the

inner half of these margins are so encroached upon by the superciliary ridges as

to l>e obliterated.

Bearing in mind the locality in which it was found, the skull under considera-

tion is so far unique in its etlmical character, that I do not feel authorized to

refer it to any of the aboriginal American cranial forms with which I am
acquainted. If the position in which it was discovered be any evidence of its

age, it belongs, in all probability, to an earlier inhabitant of the American con-

tinent than the present race of Indians. In the absence of a complete series of

American Indian crania, it is impossible to assign to this skull its proper ethnical

position.

INTRODUCTIOX TO THE STUDY OF THE COPTIC LANGUAGE.

By M. Kabis.

[ From the Transactions of the Eysfptian Institute. ]

The Egyptians, when they adopted Christiauity, substituted Greek letters for

the ancient lueroglyphics, and after that time used the language wliich the mod-

erns designate as the Coptic, which prevaihxl over Upper and Lower Egypt until

the Arabic language, introduced with Mahomedanism, took its place. We shall,

further on, speak of the true etymology of the word Copt ; but it will not be

out of the way here to show what were the motives and the historical circum-

stances which led the Christians of Egypt to make this change.

We have to remark, then, that the graphic system of the ancient Egyptians

was so intimately connected with their religious sj^stem that it was scarcely pos-

sible for one of them in the time of the Pharaohs or of the Ptolemies to write

the smallest circumstance without mixing it up with the symbols of mythology
and of polytheism. The images of the gods and of the sacred animals formed

many of the characters employed in their writing ; and an Egyptian could no

more avoid using them than we could write witliout our alphabet. Now, nothing

could be more at variance with the purity of the Christain religion, then newly

adopted by the Copts, and the piety of the worshipper than the profane hiero-

glyphic symbols. The early Christians of Egypt then found it to he absurd to

represent under the images of Ammon, or Ptali, or Osiris, the God of their faith,

whom they reverenced as a pure Spirit, separate from every sensible or material

form. Wishing, then, to disengage themselves as much as possible from the

ancient superstition, these disciples of St. Mark rejected the graphic system of

their ancestors, supplying its place with the Greek alphabet, to which they

added six purely Egyptian letters, to express sounds in their language, which

could not be represented by the Greek.
With the alphabet they also adopted a number of Greek words. That was

in the beginning a matter of necessity. They were not willing to express in

the equivocal terms of the ancient mythology the new ideas of Christianity.

But this necessity soon degenerated into an abuse, and Greek expressions

became the fashion. This was nmch more the case in Lower Egypt, ou account

of the frequent intercourse between the Greeks of Alexandria and the inhabit-

ants of the delta, and for the same reason the dialect of Memphis is less pure

than that of Thebes. It must be remarked, also, that the introduced Greek
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words midenvent no change from their original fonn. They may be recognized

at a glance, and do not in anywise alter the face of the Coptic language. This
is a simple and positive evidence that the language and literature of tlie Copts
are essentially Christian. Such manuscripts as have been published, or up to

this time exfimined by savants, prove that the language was cultivated only by
the monks, who during the early ages of Christianity dwelt in ,the deserts of

Egypt. These holy anchorites concerned themselves only w'ith the exercises of

devotion. Abandoned to themselves, and separated from any intercourse with
the world, they divided their time between prayers, manual labcf, reading the

Bible and the lives of other monks. The study of literature, science, history,

especially if it were pagan, had no interest for them. Their writing, then, could

treat only of religion and monkish institutions. I believe it w'ould be difficult

to find among Coptic manuscripts any proper scientific compositions. The
Coptic language should not, however, lose its interest with savants. If the

anchorites of the Thebaid did not treat ex professo of historical events, their

writings could, notwithstanding, furnish many historical data of precious value,

and illustrate many points which now embarrass the critic. For it is well known
that, since the time of Constantine, the history of Christianity and the charch

is intimately connected with that of the people and the empire. The bishops

often shaped the decrees of the Caesars, and the latter charged themselves with

executing the ordinances of the Pontiffs. The Coptic monks, then, when treat-

ing of the histor}'- of the church, can supply us with interesting documents
relating to the history of their age. They also occupied themselves fi'equently

in translating the works of the more celebrated Greek fathers, and we might
find interesting treatises preserved in Coptic, of which the original Greek no
longer exists. I have myself seen such fragments in the library of the Vatican
at Rome, and executed a translation of them into Latin for the venerable Car-

dinal ]Mai, curator of that library. These are, however, not the only motives
to interest us in the Coptic; it has for us and all the learned w^irld a very spe-

cial and supreme importance. The immortal ChampoUion the younger, when
seriously apjilying himself to study the famous inscription on the stone found at

Rosetta, during the French ex})edition in Egypt, succeeded, in 1822, in deci-

phering the hieroglyphic symbols. The interest excited in Europe by that dis-

covery is known to all, and the learned of all nations since have occupied them-
selves ni perfecting this growing science. Now all the learned, as well as

ChampoUion the elder, have acknowledged that the Coptic language is no other

than that of the ancient Egyptian Pharaohs ; that it is the key and the dic-

tionary of hierogl3'phics ; that without an available knowledge of it it would
be very difficult or well-nigh impossible to interpret them.

There would be a truly valuable service rendered to science if those who are

in position to do so would suggest to his highness the Viceroy Mahomet-Said to

assemble at the museum or at the E^gyptian Institute, both of which do him so

much honor, a collection of Coptic manuscripts, which should be accessible to

students and the learned. In the Coptic convents there lie, enveloped in dust,

innumerable Coptic volumes ; no one there understands them, and the worms
only have the privilege of visiting, gnawing, and destroying them. To this

class of MSS. should be added a ci:>llection of Arabic authors, particularly of

the middle ages, which was the golden period for Aral)ic literature. * * *

If I have one wish which 1 should like to see reciprocated in the breasts of

this assembly, it is that my colleagues should unite their efforts with mine to aid

in restoring the Coptic language to life here in its own native place. Our society

will tail in its mission if it shall neglect this duty. The Institute Avill no longer

be Egyptian if it fail to occupy itself with the language of Egj'pt. Besides,

all the learned societies of Europe are impatient to see the results of our labors

upon ancient Egypt. Behold, then^ how much is expected of this Institute

!



NOTES ON THE "TONTO" APACHES.

BY CHARLES SMART, BREVET CAPTAIN AND ASSISTANT SURGEON U. S, ARMY,
FORT M'DOWELL, ARIZONA.

[A partial vocabulary of the lacguage accompanied the original, which ^vill appear elsewhere. ]

They form a village or sub-tribe of the people known as Apaches. They
call themselves " Coyateros ;

" Americans and Mexicans call them " Tontos,"

applying the 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 the 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 lauds, extending outwards and 'gradually rising to the foot-

bills 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,

palo 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. Cayotes and rabbits are plentiful, of the latter two kinds—the cotton-tail and
Jackson rabbit ; rats, gophers, and other rodents are equally numerous. Of
birds, quail exist in great abundance. Here 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 Piuinos, and made occasional plundering excursions to Sonora,

but on the establishment of Fort McDowell they retired to the eastern moun-
tains, taking up their abode in the canons to the north and east of the Mazatsal

peaks. Of late their rancheria has so often been broken into by scouting parties

of the friendly Indians, that they do not seem to have established a permanent
settlement. But the permanent differs in nothing from the 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 warrioi-s, 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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tbey 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. Thej 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 with 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 gi-ow 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 disfigui'ement as flattening the head, 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
ojihthalmia or its consequences.

The dysentery, which at the time was severe on the troops stationed at the

fort, did 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 drawn up they encase

the thighs. This, with 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 thi'own over one shoulder and fastened in the opposite arm-
pit, 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 up the earth when
breaking into a rat or rabbit hole. They possessed also about half a dozen

lances, 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

feet long, strengthened at points by a wrapping of sinew. It is straight along

the greater part of its length, but curves lightly towards its extremities, which
are joined by a sinew string stranded and rolled into a perfect round. Their
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-courses.

For a distance of six or seven inches from the 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 the

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 that

position, while _a the others the attachment between the two is so sHght as to

admit of being severed by very gentle traction. None wore any covering for

the head with the exception of the chief, whose crown consisted of a closely

fitting skull-cap of skin, unadorned behind, but covered in front with feathers

and many spangles of brass and tin. He also possessed a doublet of prepared

buckskin, brownish red iu color, with some blue linen markings on it. They
were very eager to obtain cast-ofi" 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.

The 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 the 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 the 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 measui'e in the

power, of the whites. Very frequently after having spent the evening in dance
and song, during the 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 thighs 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 the

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 the river they were met by a small

party of the Indians, one of whom chalked a cross on the breast of each, with a
yellow earth, which he carried in a satchel at his belt. Previous to doing so he
muttered some words very solemnly with his hand uplifted and eyes thrown
upwards. Again, on arriving at the camp of the people, the chief and others in

greeting them took a similar vow, touching thereafter the yellow chalked cross.

Sonora may have furnished them with some of their notions of a Deity.

The peace negotiations fell to the 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 Surgeon U. S. Armij.

Fort McDowell, Arizona,
September 13, 1866.



REPORT OF EXPLORATIONS IN CENTRAL AMERICA.

By Dr. C. H. Berendt.

New York, December 24, 1867.

Altliougli my labors in exploring the nortlicrn part of Guatemala and soutli-

eastern Mexico are not finished, and thougli I intend to return to the work after

a short visit to the United States, I deem it my duty to lay before you a report

of the results which have thus far been obtained under the auspices of the

Smithsonian Institution.

Having occupied mysc If in former travels and during several years of resi-

dence in Tabasco with researches relative to the geographical and ethnological

features of this almost unknown part of America, I resolved to complete my
observations by a visit to the belt extending from the Caribbean sea through

Belize, Peten, and Chiajxas to the F >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 important centre of ancient civilization and

a region abounding in the productions of both the vegetable and animal king-

doms. The Institution furnished the instruments for rai'teorological observations

and part of the outfit required for collecting specimens of natural histoiy. It

also procured letters of recommendation from the diplomatic agents of England,

Guatemala and Honduras to the governments and local authorities of the dif-

ferent districts to be visited, and secured the co-operation of several learned

societies and private gentlemen interested in pursuits of this character, in con-

tributing to the expenses of the expedition, with a view to obtain a share of the

specimens collected.

I left the United States in the bark Pallas the 2d day of December, 1865,

and arrived in Belize the 21st of the same month. My letters of introduction

procured me a very friendly reception from the governor of the colony. lie

introduced me to all the prominent oflicials and leading merchants, from whom I

could obtain the necessary information as to topography and resources of the

country, and in particular of that almost uninhabited region through which I

had to pass on my way to Peten. The crown engineer, ]\Ir. Faber, and two

civil engineers kindly communicated to me what they knew relative to the regions

which had been surveyed or visited by them, and I was permitted to copy a

number of ancient and modern manuscript maps of the colony. With the chief

magistrate of the police court. Judge S. Cockburn, a member and meteorologi-

cal correspondent of the Iloyal Astronomical So(;iety of London, I arranged

cotemporaneous observations for the purpose of computing with more accuracy

the absolute height of the principal points included in ray tour. I found in

the possession of ]Mr. Parson, an American merchant, a valuable collection of

specimens of natural history, and was so fortunate as to secure it for the Smith-

sonian previous to the death of Mr. Parson, which took place a few months

afterwards. I also made a very agreealde and useful acquaintance in the per-

son of the Rev. Alexander Henderson, a distinguished linguist,* whom I found

* The Rev. A. Henderson, Baptist missionary in Belize siuce the year 18:34, has written a

{rrammav of the Moskito language, printed in New York in 1840; a Gospel by Luke and a

vocabulary, MSS. ; the G(/spel according to Matthew, in the Caribbean language of Hon-

duras, printed Edinburgh, 1847; a grammar and enlarged vocabulary of the same, MSS._,

since 185.5 in the hands of the Ethnological Society, Loudon ; a translation into English of

Beltran"s Arte de el Idiumu Maija; a translation into Maya of the book of Genesis and the

book of Psalms, MSS.; a Maya primer, printed in Birmingham, 1863, and two tracts in the

same language, published by the American Tract Society.
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occupied with a dictionary of the Maya language, giving the dialect actually

spokeu in the district of Bacalar, Yucatan, and in some recent settlements of

Yucatan Indians in the territory of the colony. Having been engaged myself

for a nurahcn- of years in the work of reproducing from old and rare manuscripts

tlie Maya language as spoken and written in the sixteenth and seventeenth cen-

turies, 1 derived both information and pleasure from the intercourse Avith this

learned missionary. The collections of specimens of natm-al history made in

and near Belize consisted almost exclusively of birds, shot, and prepared by my
assistant, and have been forwarded to the Smithsonian Institution. Unfortu-

nately circumstances beyond my control obliged me to part in Belize with this

assistant, very much to my regret, as his dexterity and expediency in skinning

and preserving specimens would have added a far greater value to the collections

subsequently made. Another unlucky accident was ttie 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 the night

before my intended departure from Belize, during a temporary absence of the

watchman. Part of the most necessary implements was within a few months
kindly replaced by the Institution,

After having lost a few days in fruitless endeavors to recover the stolon prop-

erty, of which no traces have as yet been found, I left Belize the 12th of January,

186G, pursuing the course of the 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 Yucatan, on the western branch

of the Belize river, a few miles above its confluence with the southern branch,

or Rio Macal. The Belize river has its head-waters in the wide plains limited

to the north by the Chaltuna, or Peten lake, and to the south by the Passion

river, (Rio de la Pasion.) The country through which it winds to the coast is

alluvial, with sandy tracts betw'een the tributary rivers and the main channel

called pine ridges. Specimens were collected from three species of pines and of

two oaks, which are almost the solitary vegetable production of these sandy plains

;

and also, among a few other birds, a woodpecker which, like the Mdancrpcs Formi-
ckvms, in California, preserves acorns in neat round excavations pecked into

the soft barks of the pines. This is for the purpose of feeding on the worms
which soon appear within the nuts, leaving the trunks of the pine trees perforated

with many holes resembling those produced by musket balls. Rocky ridges

of a calcareous stone intersect now and then the course of the river, causing a

number of rapids, of which, in time of high water, the passage is rather dangerous.

Little could be done during the boat voyage besides a careful rectification of

the rivei'^s course in the maps, and the entering in their proper places of names
of existing settlements along' the river banks. While on the Rio Hondo and
Rio Nuevo, as well as on the coast of the British colony, a number of well-con-

ducted agricultural settlements exist, there are on the Belize river only w^ood-

cutting establishments belonging to merchants in Belize. These are either

being actually worked under the direction of a foreman, (usually a mulatto,) or

abandoned, the buildings being occupied by negroes, who make a scanty living-

cutting logwood on their own account, which they sell in Belize, bringing back
brandy and dry provisions, their onl}^ food, as they are too indolent to jdaut

anything in the fertile grounds around their decaying huts. Only where Yucatan
Indians have settled among them, a cornfield, a banana plantation, or fruit-trees

are to be found. AVhenever it was possible to make short excursions without

too much delaying my voyage, I examined the country along the river. Some
specimens of petrifactions from the calcareous ridges, when broken l)y the cm*-

rent of rivulets, were procured; also a number of land and fresh water shells,

and some birds. "When no convenient settlement of Belize merchants or Indian
houses could be reached, Ave were wont to camp in the forest, using the leaves

of the corossa or cahoon palm for shelter and protection.
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In San Pedro Bncnavista I found waiting for mo mules and muleteers, whicli

the oorregidor of Petcn had sent on at my request. For the transportation of

smaller ai'ticles I liad counted upon Indian carriers from the 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 had broken out

in Peten made those Indians unwilling to go to that place, and I was obliged

to stop in San Pedro until messengers, sent through the wilderness, could pro-

cure from the corregidor of Peten the necessary number of carriers. More than

a month passed before they arrived, a month lost for explorations, as the neces-

sary vigilance over my baggage in an unclosed hut, among thieving negroes,

forbade my being absent from the place. Some few reptiles, lislies, coleoptera,

and molluscs were, however, collected. The villages in the neighborhood of

this farm are of late origm, peopled by Indians from Yucatan, almost every one

of them formerly engaged in the war of races which for the last twenty years

has desolated tliat unhappy country. From my host, who kept some merchan-

dise for trading with them, and who employed some of their men as laborers on

his farm, I had opportunity to become acquainted witli many of them, and
obtained 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 the Mexican and Spaniard only, while tliey are friendly to other foreign-

ers, and are remarkably frank and outspoken with such strangers as speak their

language and know how to gain their confidence. The insurrection of the Yuca-

tan Indians broke out in 1847, and spread in the following year almost over the

whole peninsula, approaching as near as sixteen miles to Merida and three to

Campeche. A Catholic priest, sent as commissioner by the Meriden government

among the insurgents, caused a division among them which still continues.

Those of the south and east, known by the whites of Yucatan as the Iluithes,*

but who call themselves Cruzool),t or Cruzes, have continued an niiinteiTupted

Avar against the Meriden government, while those of the west have remained in

peace with the whites, and even acknowledged a certain depemlency on the gov^-

emment of Campeche. They are called Pacific Indians. In the year 1857 the

Cruzes invaded the Pacific Indians of the district of Chichanja. Since that time

the Pacific Indians of that district have settled in the formerly uninhabited mon-

tana (forest-plains) around the frontier between Yucatan, Peten, and Belize, and
their number has been increased by numerous deserters from the ranks of the

Cruzes. They all, threatened by their common enemy, the Crazes, retain cer-

tain connections with each other, although those on Belize or Peten ten'itory

have formed villages under the authority of the English and Guatemalean gov-

ernments, while those in Yucatan and in the region of doubtful pertinency!

remain subject to the chiefs of the Pacific Indians. To those who only know
about the insurgent and independent Maya Indians from the reports of their bar-

barous warfare against the whites of Yucatan, it is highly surprising to see these

ferocious warriors organizing themselves without any external influence as quiet

settlers, laborious and orderly, submitting to their self-elected local authorities,

* Huitli is the breech-cloth.

t The Spanish word cruz (cross) with the Maya plural termination ooh. They worship

the cros.s, in whose name the Tat-ich (their head cbiet) and twelve governors (niihtury chiefs,

priests, and counsellors) govern.

X The limits between these three countries are most uncertain. A decree of the Spanish

government iixed in 1787 the boundary line between the iutendencies of Yucatan and Gua-
temala on the parallel 17^ 49' north latitude, but it has never been ascertained where this

parallel runs. A treaty between England and Guatemala has adjusted a boundary line

between the colony and the republic, running from Gracias a Dios on the Sarstoon river

to Garbutt falls on the Belize river, and hence northwards. The map of the colony (pub-

llshf^ s. I. et a. but London, 1>;64) runs it to the 18th degree, into the undoubted territory

of Yucatan. The actual jurisdiction of Peten comprists all the villages ou and near the road

from Peten to Yucatan, up to Becanchop, ten miles north from Nojbecan, near the JiOth

degree, while the country to both sides is subject to Mexico, and the census of tha State of

Campeche (18(51) includes all these villages into its territory
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honest iu their dealings, rigorous againsj: criminals among them, and l)y far the

best class of people in either the British colony or Peten. They are Catholics,

and are proud to show their abomination of the heathen worship of the Crazes.

I have been shown a long memorial, written in the j\Iaya language, containing

numerous letters, orders, proclamations, etc. It states their motives why they

separated from the Cruzes, the principal and repeatedly asserted reason being

—

'' VVe are a Christian people.'' As to the number of these Ind'ians, the most

discordant opinions exist. According to such Belize and frontier traders as are

the best judges, the Cruzes do not number less than 10,000 and probably not

more than 15,000 warriors, and of these half their number only are married.

Estimating a family to consist of five souls only on an average, would give for

their whole number about forty thousand; and the number of the Pacific Indians

is considered but little less. Both together occupy about one thousand s«piare

miles.

The main road from the last settlements on the Belize river to Peten leads

through immense forests, with very few and inconsiderable elevations of the

ground. The Sierra de Yucatan, which in our maps diversifies this region, does

not exist. The general direction of the road is from east to west. At distances

from 10 tol5 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 the Corregidor of Peten for my convenience. It led to

the village of Macanche, on the lake of the same name, and thence to Remate,"

a deserted hamlet on the eastern end of the northern portion of the Chaltuna, or

Peten lake. This lake, it is well known, has almost the 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 cun^e of the lake and round the

point of Is'ima to the city of Flores. This is situated on the rocky island of

Remedios, in the entrance of the southern portion of the lake, and not more than

a mile distant from the southern shore. The valle}^ or depression occupied by
this lake and two smaller ones is surrounded on all sides but the southeastern

by 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 the lake from the southern, is studded with low hills, many of them being

artificial mounds upon whicli are scattered the dilapidated remnants of ancient

buildings.

The department of Peten, the largest of the seventeen into which the republic

of Guatemala is divided, covers the immense area of from 4,000 to 5,000 square

miles, with about 8,000 inhabitants. They live chiefly in the villages in the

savanna region to the south and northwestern shore of the lake. The country in

its general character is flat, covered with immense forests, and watered by the

numerous rivulets which constitute the head waters of the Belize river, the Rio de
la Pasion, and the Rio de San Pedro. The Rio de la Pasion divides, in its west-

ern course, the departments of Peten and Verapaz, receives the Lacantun river from
the mountainous department of Totonicapam, and, breaking through the chain of

mountains on the frontier of Tabasco, emerges into that Mexican state called there

Usumacinta. Near the Passion river the land is low, full of swamps and lakes,

and subject to annual inundations. The climate is warm but mild, with remark-
ably small daily or annual changes of the thermometer, which ordinarily ranges

between 70° and 80°; the lowest and highest observations during more than a
year were 62° and 89°. The rainy and dry seasons are the same as in Yucatan
and Tabasco, and the season of north winds is here, as also in the intei'ior of

these states, marked by mist and drizzly rains. The country is one of the

healthiest in the tropics, and the average duration of life longer than in most other

Countries of the same latitude. The prevailing diseases are intermittent and
remittent fevers throughout the year, and dysenieria in sunmier, but of a mild
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character. The j-ellow-fever Las never apppeared, tliougli tlie cholera has made
great havoc among the Peteneros.

The inhabited part of Peten is separated by wide deserts from all the sur-

rounding countries. The traveller is obliged to journey, in going to Yucatan,
nine days, to Verapaz and Guatemala eight days, (in Ijad weather eleven,) and
to Tobasco and Belize six days, through an uninhabited country. The Spanish
settlement in this region, after the conquest of the Itzas in 1G97, was for half a
century only a military outpost with a small garrison from Guatemala. After-

wards it was used l)y the government of that dependenc}' as a criminal colony,

(presidio.J The offspring of the prisoners, of their keepers, and of the natives,

with some admixture of negro fugitives from the coast, together with the rests of

the Lacandon tribe on the Passion river and the iumiigrated ]\Iaya Indians of the

moniana, form the actual population of the department. In their isolated situa-

tion and at a distance of about 270 miles from the city of Guatemala, they neces-

sarily have rrunained in a rather primitive state. The htdinos, or so-called whites,

(though with a good deal of mixed blood,) form a kind of patriarchal aristoc-

racy. The Indians and negroes are the field-hands and house-servant* of the

whites, und«r the system of peonage, as in some parts of Mexico and Central
America, obliged to serve the master to whom they are indebted until their

debt is p?5d. Others live free in the villages, subject to the local authorities

appointed by the government. The corregidor is at the same time civil gover-
nor, raih'tHry chief, judge, revenue collector, and postmaster. Ecclesiastically

subject to the l)ishop of Guatemala, a vicar and two curates are assigned for the

spiritual administration of the whole department. Tlie raising of cattle and
horseiJ is almost exclusively the business of the country; oxen, horses, hides,

mocc-«sins for the negroes of the British colony, a little colfee, wild cocoa, India-

rub'>»^r, and kala (the palm leaves of which the so-called Panama hats are made)
are tlieir only articles of exportation. The returns consist in cheap merchandise,
drv goods, hardware, etc., imported from Belize. Such is the state of agriculture

that in the richest soil there is scarcely produced the 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 the city and larger villages, but they are for the

greater part of the year closed on account of the want of funds. There >> little

division of labor ; every one builds his own house, raises his own corji, and, if

he has the means, some cattle, hogs, and chiclvcns. Every one is by turns

butcher or baker, and sells meat or bread, (the latter only in the city,) and makes
his 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 be found in the coim-

try. The people, poorly educated, unrestrained, and ^\ith but 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 open revolt. On the

other hand they are good-natvu'ed, kind and hospitable ; crimes against })ersons

or property are of rare occurrence. In their social intercourse they exhibit the

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 and Europe.
The city of Flores during the last 15 years has been reduced to half its for-

mer size by a continuous rising of the lake in the midst of which it is situated.

This is occasioned, it is supposed, by the stoppage of a subten-anean outlet. It

has now about 900 inhabitants, who live, crowded together, in miserable huts

builfof sticks covered Avith mud and roofed with palm leaves. The connection

with their fields and stock, which are on the main land, is effected b}' frail canoes,

and is often altogether interrupted when a northern wind strongly agitates the

waters of the lake. I found here, as everywhere in the country, the most friendly

reception, thanks to the special orders of the government in my behalf and to the
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natural kindness and hospitality of the people. Durini^ a month which I remained

on the island, I made some excursions on the lake and to the mainland, collcct-

\u<x S])ecimens and examining some points of special interest to arclueology.

The difficulty of movements from this place, however, decided me to choose anftther

centre for my further explorations, and I changed to the village Sacluk, about

20 miles to the southwest of Flores, situated in the savanna region, half way
between the lake and the Passion river. The prairie lands, bordered at the north

by the forest hills surrounding the Chaltuna lake, and to the south and west by
the woods along the l^assion river and its tributaries, are of a peculiar foniiation.

An alluvium of red clay,* covered with a stratum of humus forar thieo to eight

inches thick, on which graminea; of great variety and only a few species of small

trees grow, is intersected by numerous groups and chains of low conical hills

I'rom 30 to 1:^0 i'eet high, formed by large calcareous rocks (some with caves) and
boulders. In the northern part these hills are covered with wood and forest trees

;

in the southern jiart they are, like the plain, covered only with grass and small

prairie herbs. The country, divided into numberless smaller and larger valleys,

many of them adorned with lakes, around which the cattle feed, forms a beauti-

i'ully varied and picturesque landscape. From this point I made numerous excur-

sions in all directions ; I surveyed part of the liio de la Pasion and a numV>er of

its tributary rivers and lagoons, all of them located erroneously and with false

iiames in the existing maps, thus collecting the material for the completion of a
map of southeastern Mexico, which has occupied my leisure liours during a num-
ber of years. Among the Peten Indians and the Lacandones of the Passion

river, who both speak dialects of the Maya language, I found favoi'able oppor-

tunity to continue my ethnological and linguistical studies, and was enabled also,

by occasional meetings with Indians from Cahabon and CaV)an, to add the Qneccbi

to my Collection of vocal )ularies of languages belonging to the region between

the isthnms of Tehuantepec and the other of Honduras.

Of all the Indians of this part of Central America none are of so great interest

as the Lacandones. Once a numerous and powerful nation, which, united with

the Manchcs and Acalanes, (both now extinct,) gave so much trouble to the con-

querors, and, in fact, have never been fully subjugated, they are reduced to-day

to a very iusignilicaut number, living on and near the Passion river and its tribu-

taries. Some old authors distinguish the eastern from the western Lacandones,

and it seems that they were, in fact, as well as those of the west, of difiereut

tribes, living on the borders of the Jlexican state of Chiapas, speaking u differ-

ent language, called Piitum or Chol^ which belongs to the family of languages

connected with the Maya. To these western Lacandones are referred the stories

of a large inaccessible city mentioned by Stephens. They live far from the set-

tlements of the whites and do not trade with them, nor do they entertain any
relations with the eastern Lacandones, who fear and avoid them. The eastern

Lacandones are a harmless tribe, who live in small palm huts, consisting of lit-

tle more than a roof, and grouped into little hamlets of a few families, often

changing their locality. They cultivate the field, plant fruit-trees, sugar-cane,

and Sisal hemj) ; search the woods for wild ct)coa, beeswax, honey, and other

]iroducts of the forest; hunt with bows and stone-headed arrows, and navigate,

by means of their small canoes, the lagoons and rivers from which they obtain

plenty of fish and turtles. Although occasionally l)aptized by Catholic mission-

aries and fond of saying their prayers, they still adhere to their old heathen wor-

ship, and indulge in polygamy, keeping as many wives as they are able to pur-

chase or to steal. They visit the villages of the whites and settled Indians to

sell their produce. Having adopted a little orphan boy of this tribe, and speak-

ing their language, I soon won their friendship. They have, in my excursions

on the water and in the woods, been of the greatest utility to me, as also to the

* On occasion of the excavation of a, well in Sacluk I saw the clay reaching a depth of
50 I'eet, intersected al about 3U feet from the surface by a small layer of pebbles.
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coiregidor, who, witli their assistance, has found a new route through the unknown
wiklerness to Verapaz and Guatemala, which was long in vain searched for, and
which reduces the distance to less than one-half of that usually travelled.

In the month of October, 1866, I was planning my departure from Peten fur-

ther west, and had ordered the required remittances from 13elize, my base of sup-

plies, when troubles among the Indians in the British colony arose and changed
all ray plans. One of the many l)hinders of the unhappy Emperor ^Maximilian,

W'lio, with the best intentions, knew too little of the country which he thought so

easv to reform, and who was especially unlucky in the choice of his employes,

was a proclamation to the 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.

The Cruzes were at that time in greater part tired of the w^ar, and, midisturbed

by the whites, had commenced to remain quietly in their districts. Tlie menace
stirred them up again, and they armed themselves for resistance with the war
implements and supplies which th(y' could readily obtain from the 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 numbers, though
consoling themselves with boastful reports of sham victories. The Pacific Indians,

seeing the Cruzes again on the war-path, and fearing a long-tiireatened attack

of their old enemies, ai'med also. One of their military chiefs got into dilficul-

ties with the Belize wood-cutters, on account of abuses committed by the English
against the Pacific Indians in the colon}-, and also within the territory of the inde-

pendent Indians. An insurrection of the Belize Indians followed, in consequence

of which all wood-cutting establishments in the colony were abandoned, and all

communication between Belize and J-'eten cut otf. The English, after two result-

les.s campaigns, succeeded in setting the Cruzes against their enemies, and a gen-

eral stampede of the Indians of the montaua was the consequence. These move-
ments caused a frightful panic among the people of Peten, who are not much
given to fighting and always afraid of one or the other invasion of their country,

which they imagine to be superior to any, and coveted by all other nations. Fugi-

tives from the colon}' and immigrants from the montaua kei)t us posted on all

occurring events. 1 learned that part of my supplies, despatched from Belize

before the outbreak, had been stored in some hut on the Belize river and had disap-

peared. J\Ionth after month I waited in vain for an opportunity to connnunicate

with Belize, and all effbits to cstalilish 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 Europe. In the excited state of the c^3un-

try, where every day an invasion by the much-feiired Indians was expected, I

could find neither carriers, mules, nor drivers to move my baggage and collections.

I considered myself happy to get away with my manuscripts and with the indis-

pensable provisions for a travel through the wilderness, and left Sacluk in April,

1867, for Tenosique and San Juan Bautista, the capital of Tabasco. From this

place I despatched my correspondence. A return to Peten during the rainy sea-

son being out of question, I used the time which was to pass before answers could

arrive for a revision and completion of my former surveys of the Usumacinta,

its branches and tributaries, and followed its course upwards 16^ miles above
Tenosique, to the so-called "Large cataract," which, 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 unknown in

a distance which I estimate between 50 and 70 miles. On ni}' return I visited

the ruins of Palenque, and during the trip was enabled to comi)lete a n^ap of the

department, and to collect vocabularies of the Putum and Tzental languages, both

spoken in Chiapas, and of the Chontal of Tabasco.
I was thus occupied when private business rendered a visit to the United

States of importance to my personal interests ; btit, having concluded it, I am
now about to return to the same field to finish my interrupted explorations, and
to bring: home the collections from Peten.



NOTES OF AK EGGING EXrEDITIOX TO SlIOxVL LAKE, WEST OF LAKE
WINNIPEG.

Made tjndee. the direction^ of the Smithsoniax I^"STITUTIox ix 1867,
BY Donald Gunx, Red River settlemext.

On the 6th of June, 1867, I had all things ready for commencing my hunting

excursion to the lake ; but, to my chagrin, the rain fell in torrents on the 7tb

8th, and 9th, which prevented our setting out till the morning of the 10th, when
the rain had moderated ; and about 7 o'clock a. m. I left home, accompanied by
two men, two oxen in two carts, carrying a birch-bark canoe and our baggage.
We plodded on through *'mud and mire,"' travelling very slowly a «listance of

15 miles on the 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 here we were joined by an Indian, his squaw, and their sou.

These people had been to the settlement with their spring trade. They had two
carts, and were taking back, in exchange for their furs, flour, clothing, and ammu-
nition. This Indian resides in a house at Oak Point, and is reputed the best

hunter in that district, which fact accounts satishictorily for his comparative

wealth. After a short stay we resumed our journey, which was continued until

dark, making a distance of six miles from tlie settlement. We camped on the

plain, and, after the usual preliminaries of cooking and supping, laid down to rest

under a cloudless sky, and slept soundly until sunrise of a clear day.

The unburnt portions of our last night's fuel were quickly gathered together

and ignited, water drawn from the nearest pool, boiled, a liberal quantity of tea

thrown into it, boiled again for a few minutes, then allowed a short time to cool,

when we all sat down and despatched our morning meal with great zest ; attached

our cattle to the carts, and were on our journey before the sun was a span high.

The road led us over a beautiful, dry, level plain, a distance of six or seven miles,

at the end of which we came to a ridge of elevated land composed of limestone,

gravel, and granite boulders. This ridge is well wooded with poplars, and is a

contimiation of the Grand Coteau at Long lake. Back of the Assiniboine its

course is from northeast to southwest. It appears to have been the border of,

or an elevation in, some ancient lake in ages long gone by. Lake Winnipeg
might have flowed round it or washed its southeastern face. It extends eight or

10 miles in breadth. The declivity on the northwest side is gradual but per-

ceptible, and ends at what is called the Big swamp, where we arrived at noon.

Here we overtook our companions of last night, and a heroic dame from Oak
Point, who left her home a few days before for Red river, and was now on her

way back with two cart loads of pine boards aud planks. She has a consider-

able portion of white blood, yet exhibits all the hardihood of the squaw, and
can, with wonderful dexterity, avail herself of all the resources of the forest and
the lake. Here she made a few snares, chased the rabbits into them, and in a

very short space of time had a number of them boiling and roasting, and after

hunting, cooking, and eating her dinner, was ready to start as soon as any of ns.

After a stay of two hours we proceeded on the road leading over a flat, rich soil,

composed of black, vegetable mold on a sub-soil of clay, and winding through
hundreds of young poplars, tall and slender, but, so far as we could see, unlit
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for building' purposes. On the right the forest extends to Lake Winnipeg, neai

Vv'hich pine find tamaraclv abonnd, which, at some future period," "svill be used for

building materials in this region. About 5 o'clock we anived at the 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-

ning with their tin kettles to bring water, which was soon converted into tea;

alter which we sat down in groups to enjoy this evening meal without the luxury

of jtlates, knives, or forks, &c. ; some, for the fomier, 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, l»y mutual consent, hanicssed our cattle and left this delightful place.

This ridge runs parallel with the other, and is composed of similar materials

—

abrupt on the southeast side, but, once on the summit, the declivity towards Shoal
lake is imperceptible. 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 iugredient 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 loosely together, and on inquiry of my
companions from the lake "What mean ye by these stones?*' I was informed

here, in 1843. in passing from Red river to i\Ianitowaba to establish a mission

a)nong the natives, the Hev. Abraham Cowley and party passed their first Sab-
bath in the wilderness, and that these stones were set up to commemorate the

sermon preached on the occasion. We continued our journey some time after

Bunset, and finall}' encamped for the night where we had plenty- of wood and
good water. On the morning of the 12th we left camp about sunrise, contiiuung'

our journev along the lake, intending to pass round to the north of that part of

it along which we were travelling, tlien turn to the south through the point oppo-

site where we were, and at a distance of five or six miles from us, to a rather

deep bay in that point, it being- the only place where we found the grebes in any
considerable number when I was there in 1865. That year we encamped on a
point ninning into the lake from the south and at some distance to the west of

the narrows. We had to find our way to the breeding places, which consumed
some time, and proved inconvenient on account of its distance from where cir-

cumstances compelled us to stop with our carts and oxen. Moreover, on account

of a great storm of south wind that sprang up and continued for 48 hours, ^-e

were prevented returning to camp with the products of our hunt until both birds

and eggs were beginning to spoil, and adding considerably to the distance in

going to Manitowaba lake. To avoid these inconveniences I intended, as stated

above, to follow the west side of the lake, turn round the north end of that bay, or

arm of it, and then proceed south to the bay where we formerly made our hunt.

On inquiring' of our Indian companion as to the kind of soil to be travelled over in

going into the point, he represented it as full of quagmires, and altogether unfit

to bear oxen and carts. This tale, which in a few days after we found to bo
imtrue, and only showing the 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 hunt.

In the first part of the day we secured some oggs and birds—among others a

pelican. I remained in camp to clean the eggs and skin the birds. The pelican

was a female : she contained four eggs of a largo size, with some smaller ones.

None of them had any shell, and I am inclined to think that the flock of which
she formed a part was on its way north to some breeding place, probably Lake
Winnipeg. They have for some years forsaken this place, being continually dis-

turlied l)y egg hunters. After gumming our canoe, my men (an Indian and my
youngest son, who accompanied me in 1865) set off for Grebe bay. Late in the

evening the wind blew strongly from the southwest, bringing torrents of rain

on its wings, against which my only defence was an ox-hide. The rain, with
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some short intervals, continued during the fono\ving day. The third day was
dry and clear. In the evening' our hunters returned, bringing ducks, grebea,

and eggs in abundance. On their arrival at the hunting ground tliey were not

a little surprised to find others there before them. These people were from

Manitowaba lake, having transjiorted their little <lng-out canoes on carts drawn
by oxen over the very ground which our Indian friend had represented as one

continuous quagmire. However, as we had ahead}' made a good beginning, wo
decided on remaining where we were, and extended our excursions thence. As
soon as we had skinned our birds and emptied their eggs w"e took to the lake for

more, which operation we repeated from day to day, until we had secured a con-

siderable number of specimens.

The annual resort of the Podiceps occidentalis to Shoal lake is, as has been
observed, '' remarkable." From the most reliable information that I could obtain

from the Indians at this place, it has never been seen on the lied river, nor on Lake
Winni])eg ; and I never heard of its having been seen anywhere in what is com-
monly known as Rupert's Land, except at Shoal lake and ilanitowaba ; and I

may add that it is also remarkable that there are very few grebes to be found in

any other of the bays connected with the lake, although all these bays abound
in reeds and rushes. Possibly these liirds prefer the bay on the north point, on
account of its being sheltered from the wiu<l ; and probably a greater facilit}^ for

obtaining food in tliat locality ma}' influence them in the choice they make. I

am inclined to think tliat the large grebes feed on aquatic plants. I opened
several of their gizzards and found nothing in them but grass. The western

grebes, when seen in groups on the smooth, unruffled waters of the lake, make
a splendid appearance, sometimes raising themselves out of the w'ater and flap-

ping thcjr W'ings, their white breasts. glistening in the sun like silver. They are

not timorous, but when alarmed they sink their bodies in the water, and if the

object of their fear still presents itself they plunge head foremost and dive, and
continue a long time under the water, often disappointing the expectations of their

pursuers by reappearing in a difterent direction from that anticipated. They
make their nests among the reeds, on the bent bulrushes of the last season ; the

frame or outer w'ork is of reeds and lined with grass from the l>ottom and reed

leaves. The nest is nearly on a level with the smTounding water, and may be
said to float at its "moorings," held there by the reeds. We found hundreds of

th!-se nests, containing two, three, and four eggs each ; I believe six to be the

highest number we found in any one. We took 13 grebes, of which the males
were larger than the females ; the largest males measured before skinning, 27:^

by 36^ inches, and 14 inches round the body at the heads of the wings. Tli<o

largest female measured 24|^ by o2h inches. We shot not a few of them in the

act of leaving their nests, and most of them on being skinned proved to be
males ; which fact inclines me to believe that the male bird takes his turn in

sittino- on the eggs.

The Pod(CC2)S auratus are very numerous in this bay. They make their nests

on the bulrushes, composed of the same material. We found as man\' as six

eggs in some nests, but in the greater number of nests only four. They are very
shy and expert divers ; are very common on the Red river, and breed in the

marshes near the lake.

I may here observe that great numbers of night-herons breed here. They fix

their nests to the reeds eight or nine inches above the water, and deposit in eacli

four or five roundish, blue eggs. I think this is the only place in Rupert's Land
where this species is found. We gave them the "go-by" last sunnner. The
Indians call them kitche-geskman, /. c, big king-fisher.

Ducks and their nests are found everywhere round the lake. Tlie ruddy duck
is sometimes found in s\vanq)3 near this river, but they are more numerous at

Shoal hd\e and ^Manitowaba.

There are numbers of terns breeding annually at Shoal lake—some of -them
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on small, gravelly islands. These form their nests by removing the gravel,

making hollows in which they lay their eggs ; others of them take np their abode
among the reeds and rushes. Here with great industry and ingenuity they make
their nests of reeds and grass, fixing them in their place to keep them from float-

ing away. When in Lake Wiiniipeg, in 1862, I observed that the terns which
occupied sandy and gravelly islands made their nests as those do on the gravelly

islands in Shoal lake ; and the terns found on the rocky island on the east side

of the lake chose for their nests depressions and clefts in the surface of the rocks.

These they line carefully with moss, three or four eggs being laid in each nest;

thus exhibiting a remarkable example of instinct, which teaches these little crea-

tures that their eggs laid in soft sand and in loose gravel are safe without any
lining to protect them, but that when laid in hollows and clefts of rocks, lining

to protect their eggs and young from injury by these hard and at night cold

materials would be indispensable.

All round the lake there is an abundance of wood, with many fine, open plains

in every direction, offering great facilities and promising rich rewards to the

industry of the husbandman. I'he only drawback in the way of making settle-

ments at this lake is its bitter, disagrecalile water.

After a stay of ten days at Shoal lake we set out early in the morning for

the Pitoo-Winnipeg Manitowaba. We fonnd a well-defined cart road leading to

Oak point. On onr way we met a young half-breed from the bay going to Grebe
bay. He had his ''dug-out" on a cart drawn by an ox. He stated that his

object in going there was to hunt muskrats and collect as many eggs of all kinds

as he could, to take home to eat. As these people neither sow nor reap, they
have to subsist on what the seasons afford. After travelling for 10 or 11 hours
over a dry, level road, we arrived at Oak point in the afternoon. Here we stopped

a short time to dine and give our cattle time to feed and rest. Afterwards we
proceeded to the lake, where we saw great numbers of those beautiful birds, the

Franklin gaily, soaring over the water near the shore, and at short intervals

plunging in to seize their prey. We could have secured numbers of them if we
had had stuffing material. The following days we hunted in marsh, but found
ver}^ few gull (^ggs. We procured some duck nests, and among them were two
Ailuvia Americana, (red-head ducks' nests,) one containing eight eggs, the other

19. When I was there in 1865 we found one belonging to the same kind of

duck containing 19 or 20 eggs. The Indians accuse this duck of dishonesty,

stating it to have very little respect for tlft? rights of property, being inclined to

rob other ducks of their eggs and place them in its own nest. This species and
the canvas-back are both found at Shoal lake and at Manitowaba, but nowhere
in great numbers.
While here I was attacked by a cutaneous disease, which affected my eyes

very painfully. After a residence of three days we turned our faces homeward.
The morning was fine and bright ; in the afternoon the clouds gathered fast

from the south. The night overtook us before we crossed the plain at the south

end of Shoal lake. We found some water for ourselves and cattle, and laid

down to rest under one of our carts. Soon the rain began to pour down in tor-

rents, the wind blew hard, driving the rain through all our defences, and in a
short time blankets and clothing began to communicate anything but a pleasant

sensation to our chilled frames. But the night was dark, and we had to keep
our jiost until daylight, every moment expecting that the lightning would strike

our cart and most probably terminate our journey ; and, unfortunately, our speci-

mens got wet and considerably injured. We attached our oxen to the carts and
Avere n^oving off before sunrise. At 8 o'clock we halted at the Big ridge ; while

there the sun began at times to peep through the broken clouds, the rain ceased,

and at last the sky became clear and the air warm. The road was in many
places covered with ponds of water, rendering the travelling slow and unpleasant.

At noon we halted at the Big swamp, had dinner, and afterwards resumed our
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jounicy, the woatlicr and road improving as the day advanced. At sunset \vc

came to our first camping- place from the settlement, men and oxen being- very

tired, and I Aery unwell and nearly lilind from the atlection of my eyes ; wo were,

however, much im])roved by a good night's rest, and left camp after sunrise. lu

passing over the plain we shot a meadow lark ; these birds are found in pairs

along the lied river to the end of the plains, and on the south side of the Assini-

boine. They appear in pairs in May, generally perched on a low tree—willow

or reed. Tliey are very watchful, seldom allowing the hunter the chance of a

fair shot. We found the public road much improved since we passed on it,

before ; the tempest which passed over us at Shoal lake did not extend to the

settlement. We reached homo at 3 in the afternoon, and found "all well."

It may not here be amiss or out of place to make a few remarks on the ]\Iani-

towaba region. I have travelled a distance of 40 miles on the east side of it,

and am delighted with the beauty of the landscape ; the wide expanse of water

in the foreground, the dark green forest in the rear, with a beautiful green plain

of three or four miles in extent, gently declining from the forest to the lake,

inviting the husbandman to put in the plough. Here are neither stones nor

roots to impede his operations, and I am sure the soil is generous and would
amply repay his toil. This large lake abounds in a variety of fish of the best

kinds, wliich an industrious population would turn to profitable account. In

this region there are at present three small villages : one at Oak Point, contain-

ing from 10 to 15 dwellings, called houses, of the most primitive kind ; another

at what is called the Bay, consisting of seven or eight houses, and favored as

the residence of a Catholic priest. A third village is rising two or three miles

to the south of the latter. The population of these villages is composed of

Indians, of half, three-quarter, and of seven-eighth Indians, with a few very

aged French Canadians. These people are like the fowls of heaven ; they
" neither sow nor reap," nor do they even, as far as I have been able to see, plant

potatoes. They possess a few cattle ancl horses ; the latter roam through the

Avoods summer and winter, living independent of their masters' care. The finest

of hay gruws within a few yards of their houses, yet I have been infonned that

many of these people are so indolent as to allow their animals to die in winter

from, starvation. There are two or three exceptions to the above rule. The
question will naturally arise, how do people so bound down by indolence procure

food and clothing? In answer to this query we will begin Avith the opening of

the spring. I said above that the lake abounded with fish. As soon as the

thaw commences the fish forsake the deep places to which they resorted as the

winter advanced, and swarm towards the shore, and run into the many little creeks

that pass out of the marshes into the lake. Here they are taken in nets and l»y

angling from the beginning of April nniil the l)reaking up of the ice in the latter

end of May, and for some time after continue plentiful until the water in the lake

becomes warm, Avheu the fish return again to the deep places. In April the ducks
and geese return in great numbers, become plentiful, and feed in numerous flocks

in all the marshes fringing the lakes for at least a month and a half. The gray

geese and ducks draw ott" by degrees in May, but the white geese (wawee) come
generally in the last week of April, and begin to clear away for Hudson's bay
on the 13th or 14th of May, where they invariably an-ive on the 15tli of May;
the last of them leave here from the 20th to the 25th of the same month.

While the fish and wild foAvl can be had these people enjoy a continual feast

;

and when these fail, rats, Avhich l)ave been taken in great numbers for some years

past, are considered desirable articles of food ; even Avhen ])lenty reigua in the

land the rat furnishes them not only with food but with the means of providing

themselves Avith clothing. Since the country has been partially (i})ei)ed the iurs

are busily competed for, and it follows that a high price is invariably paid for

them. When all the wild fowl have taken to their breeding ]ilaces the peo])le

Lave a hard struggle for dear life agauist hunger, which compels them to searci
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along all the lakes and marshes for eggs, and for every otlier eatable that falls

in their way ; and during the month of July and part of August they sufier much
privation of food, unless possessed of means to enable them to draw on the set-

tlement for flour ; but when the young ducks take to their wings and the fish

begin to approach the shore, they are able again to set hunger at defiance for a
time. In the beginning of October the fall fishing commences, i. e., the white

fish (the a-ticki-meg of the Indian) approach the shore and the shoals for the pur-

pose of spawning, and if the 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

;

})ut when the fishing fails and the rabbits disappear, as the case is this year, these

people are, indeed, brought low—even to starvation's door. Flour is selling

there this winter at 405. per cwt. Another trait of these people of primitive

habits and manners is, that, although occupying these villages for a long time,

they have neither president, council, nor magistrate, and I never heard of any
crime of any kind l)eing committed by any of them except once, and that was
a case of manslaughter which arose out of undue provocation.



SKETCH OF THE FLOEl OF ALASKA.

By J. T. RoTHRocK, M. D.

A complete list of Alaskan plants with a detailed account of tlieir geographi-

cal distribution cannot yet bo expected. But a small portion of our newly
acquired possessions lias been at all explored by botanists ; indeed, if we except

Sitka and its immediate surroundings, we may say no 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 land extending south from Mount St. Elias to tho Steekine river would well

repay exploration, either from a commercial or a scientific point of view. It is

almost a matter of certainty that tliis will be found to have a large number of

more southern species extending up into it-

It may not l)e amiss, in passing, to glance at the timber and prairie lands of

British Columbia ; l}'ing, as they now do, between our possessions, our interests

must be materially afiected by them. The forests of British Columbia west of

the Coast range, and perhaps as far north as tho Steekine river, are for the most
part made up of the following trees

:

Taking them in the order of Dr. Lyall, in his report on the botany of nortli-

westem North America, wo have first in size and commercial importance, Ahks
Douglasii, Liudl., (Douglas' spruce,) from 225 to 250 feet high, and often 12 or

13 feet in diameter. This tree has acquired already a great commercial value
in the lumbering trade of tho coast. It is said by Dr. Lyall to make good spars

;

it has a fine, clear ''grain," and is destined to become more important as the

resources of the country aro developed. Tho tall flagstafi" in the royal gardens
at Kew is made of a single trunk of this tree. It is also found more in the inte-

rior of the countr}^, in tho valleys of the Rocky mountains.

Abies 3Ienziesii, Lindl., (Meuzies' spruce,) a somewhat smaller treo than the

last-mentioned, though still a titan.

Abks Mcrtcnsiana, (Mortens' spruce,) from 125 to 200 feet high, and with a
beautifully straight trunk, which, as Dr. Lyall remarks, often grows 60 or 70
foet high before giving ofi' a branch. It is found as far north as latitude 57° on
tho shores of Norfolk sound.

We will insert here Abies Canadensis, which is said to have been found by Mr.
Tolmie as far north as latitude 57°, on the shores of the Pacific, and by Mertens
in Sitka. This tree, though of large size, is very inferior as timber. The bark
may be turned to account in tanning.

Pinus contorta is found throughout the valley of the Frazer on high grounds ,'

it grows from 25 to 50 feet high and a foot in diameter. On the upper Frazer
this tree is eminently social, and one often finds mile after mile of forest made
up exclusively of this tree. In the spring months the Indians are in the habit

of stripping otf the outer bark and scraping the newly-formed cambium fr'om the

trunk ; this is eaten either in the fresh state or dried and pressed into compact masses

The present report on the botany of Alaska was prepared at the request of the Smith-
sonian Institution, by Dr. J. T. Rothrock, professor of botany in tho Agricultural College of
Pennsylvania. The original material committed to his charge consisted principally of the
collections made by employes of the Western Union Telegraph Company, in their explora-
tions connected with the Russian overland telegraph expedition, Dr. Rothrock himself among
the number.

JOSEPH HENRY,
Secretary Smithsonian Institution.

28 s
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for future use. Early in the season the taste is not unpleasant, and the effect is

that of a g-entle laxative; l)ut later, when the tree has fairly commenced its sum-

mer work, and begun to elaborate its peculiar terebinthinato 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.

Thuja gigantea, Nutt.—This magnificent tree grows sometimes to a height of

170 feet, and to a diameter of 10 feet and over. The timber is light, easily

worked, and tolerably durable. I am not certain that it is found north of the

51st or 52d degree of latitude. I have seen boards 20 feet long split from it

by the Indians. From it in part the celebrated *' northern canoes" are made.

These canoes, ''dug" from the single trunk and afterwards steamed into shape,

will often carry four tons. From the wood the Indians also manufacture paddles,

dishes, and boxes, some of them exquisitely neat. From the inner bark they

twist ropes of great strength ; mats, hats, and baskets are also woven from the

same material. The liabSity of the wood to split when exposed to the sun is

rather a disadvantage.

Acer macrophyllum (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 the best substitute on the

Pacific coast for the hickory of the Atlantic slope; the Indians use it to make
snow-shoes, spear-handles, and axo-handles ; from its inner bark they weave
baskets, hats, and mats so closely as to hold water. Leaving the headwaters of

the Frazer and crossing the mountain range to the west in latitude 35° north, I

met this tree first, growing in company with Thuja cxccUa. On the upper waters

of the 8kena river I foiuid the Indians using it in preference to any otlier wood, as

fuel, during the long, cold winter nights ; frequently they have completely denuded
the hill-sides of it. Lower down on the Skena the cottonwood and Thuja mingle

with the maple in about equal proportions. The forests there present a most
cheering contrast to the sombre hues of the conifers that abound in the vallc}'^

of the Frazer, and almost remind one of the variegated woods of the Atlantic

slope ; birches, too, attain there a height they do not reach in the interior valley

above mentioned. Ncjwhere have I seen forests more beautiful than those near

Ivocher de Bouller on the lower Skena.

Before concluding this passage on British Columbia I will add a letter from

Major F. L. Pope, who, in mid-winter, made a most trying trip from Lake Tatleh

to the Pacific via the headwaters of the Steekine river

:

•''The timber on the upper Skena for 50 miles northwest of Bear lake is very

thick and of the same kind as around Lake Tatleh, fPinus contorta and Populus.J

It averages about afoot in diameter. Still more towards the head-waters of the

: Skena, open, grassy plains begin to appear, growing more and more frequent as

you go north; over these are interspersed trees, (still of the same kind,) but

growing apart like trees in a park. At the head of the river, about 4,000 feet

above the sea level, conifers are scarce and dwarfed, but these apparently are

stili of the same species. When cottonwoods are met with they are of good
size. Passing the summit and descending the valley of the Steekine, which
runs north for about 100 miles, we still find the same trees, but not so abund-
antly. On 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 the 'Great caiion' there is very little timber, what there is

being small pine growing in patches. After getting through the canon, cotton-

v>oods grow in great abundance on the points jutting out into the river; asso-

ciated with them are alders and willows without number. As near as I can

remember there are no cedars (Thuja) until you approach the coast. I do not

recollect seeing any maples, though there may have been some."
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Quercifs Garryana, Doiig-1., which is so abundant near Fort Vancouver, is also

found on Vancouver island. Hooker states *' the wood is good and well adapted

to sbip-building." It grows 80 feet high.

Pyrus rivularis grows to be a small tree, and the wood is hard enough to take

a g'ootl polish ; it may be turned to some use in the arts of life ; the fruit has a

decidedly pleasant flavor, and is largely used by the Indians.

The less elevated prairie lands of the lower Frazer are thickly covered with

various species of Poa., Eragrostis, &c., intermixed with Vicia Americana. Even
as far nortli as Fort St. James I have seen the grass and "pea vine" three feet

high ; these spots afford luxuriant pasturage. At the above-mentioned jjost of

the Hudson 13ay Company, (latitude 54° iV north,) the horses live nearly the

entire year without other forage than such as they find. Mules, however, are not

so successful in sustaining themselves when the snow covers the grass, and require

"looking- after." The swamps are thickly covered with caricesj among which

Carex utriculata predominates in number of individuals over the other species.

The high grounds afford the "bunch grass" (Ehjmus) of the packers; so imtri-

tious is this that even when apparently dead and dry, "stock" will become fat

on it, and remain so under hard work for long periods if this be plentifully sup-

plied.

Of the main land fi'om Steekinc river north to Bristol bay we have but little

definite botanical knowledge. Sitka, however, has been well explored, both by

a\Iertens and later by Ferd. Bischoff. We may be said to know its flora pretty

thoroughly. Perhaps after the list of plants given on the following pages I can

])resent no better popular idea of the vegetation of this island than by quoting

from a letter of Mertens " to a friend in St. Petersburg ;" it is published in Hooker's

Botanical Miscellany, vol. iii : "If we compare the lofty forests of Sitka (Sitcha

in letter) with the wintry coasts of Kamschatka, where, 4° more southerly at St.

Peter and Paul, the birch only attempts to rise into a kind of tree, we shall here

find a confirmation of that law which proves, by comparing the climates of lis-

bon and Philadelphia, Paris and Quebec, England and Labrador, Drontheim and

Iceland, that countries situated to the east of the sea possess a milder tempera-

ture than those which are placed to the west of the ocean."—(Op. citat., p. 12,

prefatory remark by Adrian von Chamisso.) " It [the forest] principally consists

of two kinds of fir; the Russians who inliabit Sitka call one of them pine, (yely

or jdl,) the other the larch, (listivcnjj though neither of them bears the least

similarity to the trees which are thus named in Russia. Both are referable to

Michaux's genus Abies. The pine, as it is called, seems to me analogous te the

North American pine, fPinus haJsamca.J Both of these trees must be peculiarly

eligible for masts and building timber in general, as they attain an innnense

height; yet the wood of the pine is not much prized; it is said to be of short

duration ; that of the larch, as it is called, lasts much longer."—(Mertens in lit.

ex. op. citat., p. 16.) " The axe scarcely ever echoed in these woods ; indeed,

the surrounding wilderness is immense, and strikes the l)eliolder with a feeling

of horror. For centuries these trees have never fallen but under the weight of

years ; and their mouldering remains give rise, without alteration of fonn, to future

generations of trees again to flourish and again to die ! Nevertheless, the abund-

ance of shrubs, herbs, and mosses, which clothe these hoary forests, and rise

over the natural graves of their former denizens, impart to the scenery an air of

vigor and of youth."—(L. c, p. 17.)

After ascending some distance up the mountain sides of the island he finds

"the wood, Avhich now appears again in increased denseness before us, consists

particularly of a noble Thuja, called, on account of its agreeably scented wood,

duschnik, (scent-wood.) It is the timber most valued here. The tree, indeed,

occurs frequently lower down at the foot of the mountains, and even to the sea,

but so scattered that it is necessary to search for it among the more predominant

pine trees which conceal it from view; but here it constitutes almost the entire



436 SKETCH OF THE FLORA OF ALASKA.

timber, and the pine and the larcli are seldom seen—tlie latter, however, not ceas-

ing so soon as the former."—(L. c, p. 19.)

Mertens completes the picture of the vegetation of Sitta with reports of the

species of aconite, aqnilegia, claytonia, nibns, saxifraga, cpilobium, vacciuium,

mimulus, orcliids, and sedges, which add variety and beauty to the scene ; some
of them specificalh'^ the same as those g'rowing on the eastern slope of America
and in the United States. Ho also notes a grass (PoaJ growing two or three

feet liigh 5
" various fems, which are, however, types of those which prevail in

Knssia, grow in great luxuriance."

From Chamisso (in Hookei-'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 Ounalashka, which has a more Arctic oceanic climate, the scene is

changed; for "a few n"iiseral)le firs, originally brought from Sitka and planted

at Ounalashka, may still bo seen, most of them decayed, and the others seem
scarcely likely to live."

"At Ounalashka, under the same latitude as Lubeck, the willows scarcely grow
higher than the luxuriant grass and herbs of the moist grounds. As soon as

we ascend the inferior hills a completely Alpine vegetation appears ; even on
the least elevated regions of the mountains are some Vaccinia, resembling V.

Myrt'dlus, which scarcely rise above the ground. Besides the brilliant verdure

(due to a moist atmosphere) which hero adorns the grass and enlivens the rocks,

the lustre of the fresh unsullied snow and of some social plants bestow on this

dreary country a rarity and beauty of hue which are quite delightful. Lupinus
NootJcatensis, Mimulm lufeus, Epilohium angustifolium and latifolium, Blwdoden-

dron KamtscJuiticum, etc., are among the most conspicuous. The fresh gi'een

of the tvu'f even reminded us of the valley of Ursera.
" The vegetation here appears to have nothing further in common wath that of

St. Peter and St. Paul than as respects its Alpine Hora and the coast plants of these

northern shores. Besides such species as are likewise found more north we have
only Lilium (Fritillaria) Kamtscliaticum and the Uvularia amplexifolia fStrep-

topus) common to both places, while on the contrary we found more Kamtschat-
kan species of plants on the American coast north of Behring's strait, which we
missed at Ounalashka. It is the flora of the northwest coast of America which

descends to the base of the hills of this island, where it unites with the Arctic

flora. As examples of this we may cite Buhus specfabilis, Lupinus Nootl-atensis,

(which may also be found, though dwarfish, on the hills.) EpiJobium hiteum,

Miiindus luteus, Claytonia Unalasddcensis and Sihirica may also bo reckoned here.

Sanguisorha Canadensis, Lithospermum angustifolium belong to the common
flora of America. Many species of grapes thrive in the low lands, with some
Umbdlatce, such as Angelica, Heracleum, etc. A dozen Carices, scarcely fomiing

a larger proportion of the vegetation than in the north of Germany, some Scripi

and Erioplwra, accompany them, with a iow Juncim the proportion of about one
to two. The OrchidacecB form a group of some importance, both because of the

number of the species and the beauty of the individuals. They prevail both in

the vfilleys and on the hills, and we encounter eleven kinds, among them a beau-

tiful Cypripedium. Higher north we did not observe a single species of the

family. Of the fems we found about eight species; nearest the pole there is but

one Eilix, and of this we saw but a single specimen. In Ounalashka there are

some Lycopodia; in the more Arctic regions but one. We found in the lakes

many water plants, Potamogefon, Sparganium, Ranunculus aquatilis ; in the

higher latitudes we observed only the two species of Hippuris aud the common
CalUfriche." (L. c. pp. 317, 318.)

[I can now enumerate but ten species of orchids. Some are also found north

of Ounalashka. The remark concerning the ferns needs the qualification of at

least one, and perhaps of two, more species.—J. T. R.j
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"At Ounalashka tlie mosses and lichens begin to assume that prominent sta-

tion which they hokl in all the very cokl districts." (L. c, p. 321)
From all the' above we may safely infer that a much lower summer temperatm'e

prevails at Ounalashka than on either of the opposite main lands under the same

parallel. The comparative height of the snow line is also another evidence of

the same thing. At Ounalashka it is but 3,510 feet above the sea level, while

exactly three degrees further north and on the Kamtschatkan side it is 5,249

feet above the ocean.

For most of the general results of botanical exploration north of Norton somid

we are indebted to the Report on the Botany of the Herald, by Berthold See-

mann, and to Dr. J. D. Hooker's paper on the Distribution of Ai-ctic Plants. As
will be observed, I quote freely from both these authors.

Seemaun says of the truly Arctic region about and north of Behring's strait

:

"The soil is always frozen and merely thaws during the summer a few feet

below the surface. But tlie thawing is b}^ no means uniform. In peat it extends

not deeper than two feet, while in the other formations, especially in sand or

gravel, the ground is free from frost to the depth of nearly a fathom, showing that

the sand is a better conductor of heat than peat or clay. The roots of the plants,

even those of shrubs and trees, do not penetrate into the frozen subsoil. On
reaching it they recoil as if they had touclied upon a rock through which no

passage could be forced. It may be surprising to behold a vegetation flourish-

ing under such circumstances, existing, it would seem, independent of teixestrial

heat, but surprise is changed into amazement on visiting Kotzebue sound, where

on tops of icebergs herbs and shrubs are thriving with a luxuriance only equalled

in more favored climes.
" On the eastern side of America no forests are found above the mouth of the

river Egg, about the GOth degree of north latitude. On the western side they

extend as far as latitude 66° 44' north, or nearly seven degrees nearer the pole.

" With a sun shining throughout the twenty-four hours the growth of plants

is rapid in the extreme. The snow has hardly disappeared before a mass of

herbage has sprung up, and the same spots which a few days before presented

nothing save a white sheet are teeming with an active vegetation, producing

leaves, flowers, and fruit 'ui rapid succession."

We further learn from Dr. Seemann that even during the long Arctic day the

plants have their period of sleep—short, though plainly marked as in the tropics.

This time of rest is indicated by the same drooping of the leaves, and other

signa which we observe in milder climates.

" The whole country from Norton sound to Point Barrow is one vast moor-

land, whose level is only interrupted by a few promontories and isolated moun-

tains.

"About Noi-ton sound groves of white spruce trees and Salix spcciosa are fi-e-

quent; northward they become less abundant, till in latitude 66° 44' north, on

the banks of the Noatak, Finus [Abies] alba disappears. AInus viridls extends

as far as Kotzebue sound, where, in company with Salix villosa, S. Bicliardsoni

and S. speciosa it forms a low brushwood. With the commencement of the

Arctic ckcle Alnus viridis ceases to exist; Salix spcciosa, S. liichardsoni, and

S. villosa extend their range further, but are only able for a short distance to

keep then- ground; at Cape Lisburne, in latitude 68° 52' north, they are in the

most favorable localities never higher than two feet, while their crooked growth

and numerous abortive leaf-buds indicate their struggle for existence.

" The Esquimaux eat the roots of Polygonum viviparum and collect for winter

use raspben-ies, whortleberries, and cranberries, which are frozen so hard as to

require an axe to break the mass."

A Salix speciosa measured by the botanists of the Herald was found to be but

twenty feet high and five inches in diameter, yet the annual rings showed the

tree had reached the age of eighty years. [For the above facts in regard to the
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mainland north of Norton sound I am indebted to Dr. Seemann, op. citat.—J. T. R.
|

Cbamisso writes of Kotzebue sound that "the vegetation is much more luxu-

riant than in St. LawTence cove," (some distance further to the north on the

Siberian side;) "the willows are taller, the grass grows stronger, all the plants

are more stout and succulent, while the greater number of species common to

the American coast than appear in St. Lawrence cove, indicate a more temperate

climate. On the island of St. Lawrence the Cineraria palustris grows with a
remarkable luxuriance in the well-watered slopes formed at the base of the mounds
of ice, while Bctida nana (dwarf birch) is seen even to the very shores. The
plain countiy of this island is free from snow throughout the summer."

It will be observed that Mr. Seemann draws a line from the mouth of the river

Noatak in a northeasterly direction across the country almost to the estuary of

Mackenzie river ; this he assigns as the northern limit of the woods. This line

nearl}- coincides with the July 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.

Hooker's paper on the Distribution of Arctic Plants. The distinguished author

just named divides the Arctic circle around the globe into five districts. Going
east from Baffin's bay wo have, first, the Greenland district 5 the second one lies

between the western coast of Arctic Europe, and extends as far to the east as

the river Obi, and includes Nova Zembla and Spitzbergen ; the third extends

from the Obi river to Behring's strait ; the fourth from Bchring's strait to the

Mackenzie river ; and the fifth from j\Lackenzie river to Baffin's bay. Primarily

we are concerned with but three of these divisions : first, the fourth or Arctic

Alaskan, and then merely en xiassant \vith the third and fifth lying on either side

of it. From the same paper we learn that the fourth district has of flowering

plants 364 species, (the teiTn species being 'used by Hooker in a very wide sense,

and all forms which are not clearly marked are regarded merely as boreal varie-

ties of some older species.) Of these 364 (flowering) species, 110 of them are

Asiatic and American forms ; the third or Arctic Siberian district contains 233
species, and of them but 44 are peculiarly Asiatic and American ; the fifth or

Arctic eastern American has 379, and of them 110 are peculiarly Asiatic and
American. From the above it will bo seen that the Arctic Alaskan district has

a flora much richer both in specific aud pecuZ/ar specific forms than the Siberian

district, but is not cpiite so rich in species as the fifth or eastern American ; the

northern limits of vegetation will var}^ in different longitudes. Rather a rich

vegetation clothes the Arctic Alaskan shores, judging from the number of plants

collected by Captain Pullen. Herald island, however, in latitude 72° north and
longitude 176° west, rewarded Seemann's search with but four species. Eastern
Greenland, between 70° and 75° north, gives 150 species. The reason of this

disparity in numbers is, in part, found in the following passages

:

" The climate of eastern Arctic Asia is marked by excessive mean cold ; at

the Obi the isotherm of 18° cuts the Arctic circle in its southeast course, and at

the eastern extremitj^ of the province the isotherm of 20° cuts the same circle,

while the centre part of the district is all north of the isotherm of 9°. The
whole of the district is hence far north of the isotherm of 32°, which descends

to latitude 52° north in its middle longitude. The extremes of temperature are

also very great; the Juno isotherm of 41° ascending eastward through its west-

ern half to the Polar sea, while the September isotherm of 41° descends nearly

to 60° north ; whence the low autumn temperature must present an almost insu-

perable obstacle to the ripening of seeds within this segment of the Arctic circle.

"The warming influence of the Atlantic currents being felt no further east

than the Obi, and the summer desiccation of the vast Asiatic continent, combine
to render the climate of this region one of excessive drought as well as of cold;

whence it is in every way most unfavorable to vegetation of all kinds."

Of its 233 species 42 are monoctyledous and 191 are dicotyledons, making a
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proportion of 1 to 4.5. In marked contrast to the foregoing is tlie following from

the same autlior:

" The Arctic circle at Kotzehue sound is crossed by the isotherm of 23°, and

at the longitude of the Mackenzie by that of 12° 5', while the June isothenn of

41° ascends obliquely from southwest to northeast, from the Aleutian islands to

the mouth of the Mackenzie, and passes south of this province; the June and

September isotherms of 41° and 32° both traverse it obliquely, ascending to the

northeast. The vast extent of the Pacific ocean and its warm northerly c\x-

rents greatly modify the climate of west Arctic America, causing dense fogs to

prevail, especially throughout the summer months, while the cuixents keep the

ice to the north of Behring's strait."

In this Arctic Alaskan district Ave have 76 monoctyledons and 288 dicotyle-

dons, giving a proportion of 1 to 3.7. Dr. Hooker finds in ''comparing this

flora with that of temperate and Arctic Asia that no less than 320 sj^ecies are

found on the northwestern shores and islands of that continent, or in Siberia,

many extending to the Altai and the Himalaya. A comparison with eastern

Arctic America shows that 281 species are common to it." Of the 364 species

of Arctic Alaskan plants "almost all but the littoral and purely Arctic species

are found in west temperate North America or in the Rocky mountains, 26 in the

Andes of tropical or sub-tropical America, and 37 in temperate or Antarctic

South America."

The above paragi'aph aflPords an excellent ilhistration of the migration south-

ward of northern plants 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 deduced from other and well-established facts, or reduce it to

the rank of a mere hypothesis, it still remains the only phUosophical explanation

of these examples of widely-extended distribution along a given meridian.

Dr. Hooker also directs attention to the variety of glumaceae in the Arctic

Alaskan flora: "Of the 138 species of Arctic glumaceae only 54 are natives of

west Arctic America."

I insert here the following letter from Mr. H. M. Bannister, who spent the

winter of 1865-'66 at Fort St. Michaels, on Norton sound. It is to the point

and explains itself:

" I am sorry that I can give from personal observation so little information

concerning the trees of Russian America. At St. Michaels there w^ere no trees,

and the only bushes which rose above the ground were stunted alders and wil-

lows, At the head of Norton sound, however, a forest of spruce trees extends

nearly to the coast, and occasional trees are seen on the immediate shore. These
trees are usually from 20 to 45 feet high and not more than a foot in diameter.

"The drift logs which float on the Kvichpak are sometimes more than two feet

in thickness, though the most will not average over a foot or 16 inches. I think

it probable the largest trees do not grow where they will be undermined l)y the

river cuiTcnt.
" ]\Ir. Pease reported having seen trees nearly 80 or ] 00 feet high on the lower

Kvichpak. From 1,000 to 1,500 feet of lumber was sawn at Fort St. Michaels

during the winter I was there. It made very fair-looking })lanks and scantling.

I think the wood was softer and whiter than that of the Oregon pine. The
other trees noticed were poplars and birch ; of how many kinds I cannot say.

The birch is used by the natives for everything that requires a harder and tougher

wood than the spruce, i. e., sled-runners, boat-fiamcs, &c. I have never seen

birch there over eight inches in diameter."

In looking over the plants collected by Messrs. Dall, ]\IcDonald, and Houlc,

at Fort Youkon, I have been suiiirised to see how large a number of them were

common on the head-waters of the Mackenzie and the Pelly. Whether Fort

Youkon can l)e considered a point which in their wanderings from more southerix

localities they might reach, I am not prepared to say
;
possibly the waters of
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the Pelly may have home them north, and that of the Mackenzie clone the same

for its banks.'^ Once established on the shores of the Latter river a short transit

would again place them within reach of the waters of the Porcupine, and this

could bear them to and beyond Fort Youkon.

At the same point some plants (few, indeed) have been found that might more

naturally have been expected to be confined 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 more northern and more southern plants.

In how far can our Alaskan possessions raise the grains and vegetables suf-

ficient to support an active population ? Vague rumors have reached our ears of

this or that hardy vegetable raised at Fort St. Michael or Youkon and after-

wards gracing the tables there. Such gardening comes more under the head of

possibilities fhan of daily support. I think we cannot say more yet than that

barley and oats will grow at Sitka, and just possibly at Kodiak. Potatoes,

radishes, cabbages, cauliflowers, peas, onions, can-ots, and turnips may be de-

pended upon as far north as Kodiak, with greater or less certainty. The timber

of Alaska is certainly valuable, and much needed on the Pacific coast.

Among the grasses enumerated in our list will be found a number of value as

forage plants. The forests once cleared it is certain some of the hardier grasses

can be raised, and in considerable quantity. Dr. Kellogg, in his report on the

botany of the country, informs us that no (PNcuni pratense) timothy flourishes.

As he has not stated'in what pari, we may perhaps suppose he meant at Sitka,

or, possiV>ly, even Kodiak. Several species of bromus are found in various parts

of Alaska', and among them may be found perhaps a forage that can be used as

a dernier resort. Poa annua, or annual spear-grass, grows at Sitka, and affords

an early and acceptal)le pasture ; the nK»ist climate of Sitka would, doubtless,

suit it well. The Kentucky blue-grass (Foa pratensis) is found as far north as

Ounalashka and Kotzebue sound ; the well-kuowai hardihood of this grass and

the readiness with which it is eaten by cattle give it a value. The wood meadow-

grass (Poa nemoralis) also flourishes at Kotzebue sound, and we may suppose

would also at more southern stations ; it furnishes good, nutritive food, of which

cattle are very fond. Water spear-grass ( Ghjceria aquaUca) has been sent us from

Sitka, and if cut early makes a hay well relished by cattle. Blue join,+-^rass

f Calavuigrostis CanadensisJ grows as far north as Kotzebue sound, and may be

fairly considered a valuable grass. Its yield is often enormous ; I have seen it

iiTowing three feet high, and covering the open grounds there to the exclusion

of everything else ; its luxuriance was perfectly astonishing. Doubtless some

of the sedges and rashes fjtwcij could be made available in times of scarcity.

I have enumerated within the limits of Alaska 732 species of plants, includ-

ing the cryptogamia ; of these 560 species are phsenogams, which represent 57

orders. Of exogens there are 419 species ; of endogens, 141 species.

Without going into minute proportions I find the following table gives the

relative development of each of the important orders in comparison with the

entire phenogsemic flora:

Order- Genus.

Compositae 1-10

Graminese 1-11

Cyperacese 1-14

CrucifersE 1-17

SaxilVagacese 1-17

EricaceaB 1-17

Eosacese 1-19

Kanuuculacese 1-20

ScropbulariacetE 1-22

Carex 32

Saxifraga 24

Vaccinium 9

Pediciilaris 10

Veronica
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Order.
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concerning the migrations of plants. The well known tendency of Arctic plants

to vary almost indefinitely makes the subject important to the botanists inter-

ested in settling that vexed question, what is a species and what its formula.

EANUNCULACEJ3.

Thalictrnm alpinura, L., Kotzebne sound, and Port Clarence.

Anemone alpina, L., Kotzebuo sound.

A. patens, L. ; Fort Youkon, Antoine Houle.

A. parviflora, Miciix., Kotzebuo sound.

A. Richardsoni, Hook., Island of Ounalashka, Kotzebuo sound; Youkon river,

Dall.

A. narcissiflora, L., is the A. multifida of Hooker and Amott in Bot. Beechey;

fide Seemann in Bot. Herald, from Kotzebue pound to Cape Lisburne, and
between Point Barrow and Mackenzie river; island of Ounalashka.

Hepatiea triloba, Chaix, Sitka.

Ranunculus Pallasii, Schlecht., Kotzebue sound.

R. hyperbovcus, Rottb., Norton sound to Wainwright inlet.

R. Purshii, Richards., Kotzebuo sound.

R. Laj)ponicus, L., Kotzebuo sound.

R. pygmaeus, Wahl., Kotzebuo sound.

R. nivalis, R. Br., Kotzebuo sound.

R. Eschscholtzii, Schlecht., Kotzebuo sound to Cape Lisburne.

R. occidentalis, Nutt., (R. recurvatus, Bongard in Vegetation of Sitka, but

not of Poir.,) Sitka.

Caltha palustris, L., var. asarifolia, Ounalashka.

C. leptosepala, DC, Sitka.

(Still a third species, C. arctica, R. Bi\, may yet be added, as it has been found

on Richard's island, in the mouth of the Mackenzie river.)

Coptis infolia, Sahsb., Sitka.

C. aspleni folia, Salisb., Sitka.

Aquilegia formosa, Fisch., A. Canadensis, Bong. 1. c, Sitka.

Delphinium Menziesii, DC., Kotzebue sound to Cape Lisbunie.

Aconitum Napellus, L., var. delphinifolium, Sitka, Kotzebue sound, Chamisso

island, Norton sound, and between Point Barrow and Mackenzie river.

ISTMPH^CE^.

Nuphar luteum. Smith, Sitka.

PAPAVERACEiE.

Papaver alpinum, L. ; P. nudicaule, Norton sound, H. M. Bannister; Kotzebue
sound, and from Point IBaiTow to Mackenzie river.

EUMAEIACE^

Corydalis pauciflora, Pers., Norton sound, H. M. Bannister, Island of St.

Lawrence, Bot. Herald.

C. glauca, Pursh., Point Barrow to Mackenzie river, Captain Pullen.

CRUCIFER^.

Barbarea vulgaris, R. Br., Sitka and Norton sound.

Arabis hirsuta, Scop., Sitka and Ounalashka.
A. ambigua, DC., Sitka and Ounalashka.
Nasturtium palustre, DC, Eschscholtz bay, Ounalashka; and Youkon river,

Dall.
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Cardamine Lenensis, Andre, Island of St. Lawrence, Ounalaslika and Sitka;

vide Ledebour, Flora Rossica.

0. pratensis, L., Kotzebno sound, and between Point BaiTow and Mackenzie
river ; Norton sound, H. M. Bannister.

0. liirsuta, L., Ounalasbka and Sitka.

C. purpurea, Cham., Kotzebue sound, Wainwright inlet, and Island of Oun,".-

laslika.

G. digitata, Richards., (possibly only a forjn of C pratensis
; fide. J. D. Hooker

in " Outlines of the Distribution of Arctic Plants,") Wainwingbt inlet, between
Point Barrow and Mackenzie river; Island of St. Lawrence.

Alyssum hyperboreum, L.—A doubtful native of Nortli America. Ledebour
in Flora Rossica simply tells us (on the authority of Stellcr and Ivrasch) that it

is "in ora occidentali AmericaB borealis."

Panya macrocarpa, R. Br., Kotzebue sound, Capo Lisbumo, between Point

Barrow and Mackenzie river, and Island of St. Lawrence.

Draba algida, DO., Island of St. Lawrence.
D. alpina, L., Kotzebue sound.

D. glacialis, Adams, Oapo Lisburno, Assistance bay, and Garry island.

D. stellata, Jacq., var. hobecarpa, Kotzebue sound, Oiinalashka; and fide

Ledebour Flora Rossica in Island of St. Lawrence.

D. hirta, L., Kotzebue sound.

D. incana, L., Gaixy, St. LawTcnce, and Ounalashka islands.

D. gracilis, Ledeb., Ounalashka.
D. borealis, DG., islands of Ounalashka and St. Lawrence. Perhaps only a

leafy form of D. incana, according to J. D. Hooker.
D. Unalaschkiana, DG., "a var. D. borealis?" Ledebour, op. citat., Ouna-

lashka.

D. stenoloba, Ledob., Island of Ounalashka.

D. muricella, Wahh ; D. nivalis, Liljebl., Wainwright inlet.

D. grandis, Langsdoi-fF, in DG., Systema, vol. ii, p. 355; var. siliquosa, Goch-
learia grandiflora, DG., Systema, vol. ii, p. 368; Gochlearia spathulata,

Schlecht. See Torrey and Gray, Flora of Xorth America, vol. i, p. 110.

Draba grandis is figured in Del. Icon., 2, tab. 47. One specimen differs from

the figure mainly in having longer and less turgid pods, and the leaves being

rather more entire ; but it is without doubt the same plant. A foot-note in Lin-

naea, vol. ii, p. 27, throws much light on its otherwise rather complicated synon-

omy. This plant had not been found in Sitka previous to its recent discovery

there by Mr. Bischoff, the nearest known approach hitherto being Ounalashka.

Gochlearia fenestrata, R. Br., Norton sound to Point BaiTow and Assistance

bay.

G. oblongifolia, DG., Sitka, Kotzebue sound, "Wainwright inlet, and between
Point Barrow and Mackenzie river ; also found at Norton sound by Mr. Ban-
nister.

G. Anglica, L., Kotzebue sound and Assistance bay.

Tetrapoma pyrifonne, Seemann, tab. 2, Botany of Voyage of the Herald. Gol-

lected both in the vo^'ago of the Herald and later by Mr. Bannister at Fort St.

Michaels, at Norton sound. Seemann regards it as introduced from Asia by the

Russians. He is probably correct, as it has not been found elsewhere in North
America.

Hesperis Pallasii, T. and G., Kotzebue sound and Gape Lisburae.

Sisymbrium Sophia, L., var. sophioides, Kotzebue sound, and between Point

Barrow and Mackenzie river.

Erysimum lanceolatum, R. Br. ; Arctic coast, Pullen.

Eutrema Edwardsii, R. Br., island of St. LanTence.
Aphragmus Eschscholtzianus, Andi'z.,Ounalashka.

Hutchinsia calycina, Desv., Kotzebue sound and Gape Ivruzeustcm
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VIOLACE-E,

Viola Inflora, L., var, Sitchensis, Kegel; V. Canadensis, in Bongavd's Vegeta-
tion of Sitka, Avhere it is also cited as V. Scorebei, Dougl. The Sitkan plant

is certainly very variable ; one form is without doubt V. glabella, Nutt
;
yet

after ciU'efully comparing a full suite of specimens I think Kegel has correctly

assigned it to V. biflora, L.

V. blanda, ?, Kotzebue sound ; Botany Beechey's Voyage.
V. Langsdorffii, Fisch. ; Kodiak and Ounalashka, Kellogg.

DROSEEACE^.

Drosera rotundifolia, L., Sitka.

Parnassia palustris, L. ; Norton sound, H. M. Bannister ; Fort Youkon, W.
n. Dall.

P. Kotzebuei, Cham. ; Port Clarence to Cape Lisburne, Bot. Herald.

CARTOPHTLLACE-aE.

Dianthus repens, Willd., Norton sound, Kotzebue sound, Cape Lisburne, and
Youkon River banks.

Silene acaulis, L., Kotzebue sound, Cape Lisburne, and between Point Bar-

row and jMackcnzie river.

Melandryum apetalum, Fenzl, Kotzebue sound and on the northern coast

;

note<l by Seemann as being quite common throughout western Esquimaux laud.

Spergula saginoides, L., Sitka, Ounalashka, and Kotzebue sound.

S. rubra, T. and G., Sitka.

S. arvensis, L. ; Sitka, Ferd. BischoflF.

Areuaria verna, L., (var. hii-ta,) along the western shore of northern Alaska.
A. arctica, Fenzl, Kotzebue sound to Cape Lisburne.

A. macrocarpa, Fenzl, island of St. Lawrence and northwest coast.

Honkeneya peploides, Ehr., northern shores.

H. peploides, var. oblongifolia, Sitka and Kotzebue sound.

Merkia physodes, Fisch., Norton sound to Point Barrow".

Moehringia lateriflora, Fenzl, Sitka and Ounalashka ; Fort Youkon, Kev. M.
C. Donald.

Stellaria media. Smith, Sitka and Ounalashka.
S. borealis, Bigelow, Sitka and Ounalashka.
S. borealis, var. crispa, Sitka and Ounalashka.
S. crassifolia, Ehr. ; Sitka, Mertens.

S. humifusa, llottbl., Sitka; Norton sound; H. M. Bannister, Kotzebue sound.

S. lougifolia, Muhl., Sitka and Kotzebue sound.

S. longipes, Goldie ; Kotzebue sound and Youkon river, W. H. Dall.

Cerastium vulgatum, L. ; C. alpinum, in Bongard's Vegetation of Sitka.

C. vulgatum, L. ; var. graudiflorum, Ledeb., in Flora Rossica ; Norton sound,

H. M. Bannister.

C. vulgatum, L., var. Behringianum, Ledeb., Flora Rossica ; Kotzebue sound
to Cape Lisburne.

I am quite unable to separate by cleai- lines the numberless forms of C. vul-

gatum. Almost impossible extremes graduate into each other.

LIlSrACE.E,

Linum perenne, L. ; Fort Youkon, Antoine Houle.

GERANIACEiE.

Geranium erianthum, DC, Sitka and Ounalashka.
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LEGTJMINOS^.

Lupinus perennis, L., KotzeT>ne sound.

L. Nootkatensis, Doun, Onnalasbka ; Fort Youkon, Antoine Houle.

Trifolium repens, L., Sitka
; Jlde Dr. A. Kellogg, in manuscript report.

Astragalus frigidus, Gray, Phaca frigidus, L., Kotzebuo sound.

A. alpinus, L., Kotzebuo sound to Point BaiTow; and Fort Youkon, W. H.
Dall.

A. polaris, Benth. ; rediscovered by Seemann at Eschscboltz bay, in Kotze-

buo sound, during the voyage of the Herald. See Hooker, J. D., on Distribu-

tion of Arctic Plants.

A. hvpoglottis, L.
J
Point Barrow and eastward, Pullen ; Fort Youkon, W. H.

Dall.

Oxytropis campestris, D. 0., including 0. borealis, DC, Kotzebue sound.

O. Uralensis, L., Kotzebue sound and west coast of Alaska.

Vicia gigantea, Hook., V. Americana, Muhl. ; Sitka, Kellogg ; Arctic coast,

Pullen.

Lathyrus maritimus, Bigel., Sitka and western coast of Alaska.

Hedysarum borealo, Nutt, Kotzebue sound and Cape Lisburne.

H. Mackenzii, Richards., Youkon river, 50 miles west of Fort Youkon ; sweet-

ish root, eaten by the Ludians.

KOSACE^.

Spireea betulifolia, Pall., Kotzebuo sound.

S. Aruncus, L., Sitka.

S. salicifolia, L. ; Point Barrow to Mackenzie river, Pullen.

S. pectinata, T. and G., Sitka and about Behring's strait.

Dryas octopetala, L., Kotzebue sound to Port Clarence and northern shore.

I cannot do otherwise than unite D. integrifolia, Vahl., with this species ; J. D.

Hooker has already done so in his paper above quoted.

Geum niacrophyllura, Willd., Sitka and Ounalashka.

G. calthifolium, Smith, Ounalashka and Sitka.

G. glaciale, Adams, Cape Lisburne and Kotzebue sound
5

also found on

northern shore west of Mackenzie river.

G. Eossii, Scringe, Ounalashka.

Sanguisorba Canadensis, L., banks of Buckland river, Ounalashka, Sitka,

Fort Youkon, and Youkon River banks.

Sibbaldia procumbens, L., Ounalashka.

Potentilla Norvegica, L. ; Sitka and Point Barrow to Mackenzie river, Pullen.

P. Pennsylvanica, L., Kotzebue sound.

P. Anserina, L. ; Sitka, Kotzebuo sound, Point Barrow, northern coast, Fort

Youkon, Mr. Dall.

P. nana, Lehm., Kotzebue sound.

P. emarginata, Pursh, Kotzebue sound, and between Point Barrow and Mac-
kenzie river.

P. nivea, L., Kotzebuo sound and coast west of Cape Bathurst
; fide Botany

of the Herald.

P. villosa. Pall., Kotzebue sound, Ounalashka, and Sitka.

P. biflora, Lehm., Kotzebue sound and Cape Lisburne.

P. fruticosa, L., Kotzebue sound and banks of Buckland river.

P. palustris, Scop., Sitka and island of St. Lawrence.

Rubus spcctabilis, Pursh, Sitka, Kodiak, and Cape St. Elias.

R. arcticus, L, Kotzebuo sound.

R. pedatus. Smith, Sitka.

R. Chamsemonis, L., Sitka and northoni and western coast of Alaska.
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R. Nutkanus, M09. ; Sitka, Feixl. BiscLoff.

Rosa cinnamomea, L. : Point BaiTow to Mackenzie river, PuUen : Fort Youkon,
Ball.

Pyrus riviilaris, Dougl., Sitka.

P. eambuOifolia, Chain, and Sckleclit., Sitka.

02^AGRACE^.

Epilobium angustifolium, L., Sitka, Ounalaslika, northern and western shores

of Alaska, Fort Youkon, and banks of Youkon river.

E. latifoliuin, L., Norton sound to Point Barrow, Sitka, and Ounalashka.
E. luteum, Pnrsh., Sitka and OunaLashka.
E. palustre, L., Kotzebue sound

; fide Ledebour, in Flora Rossica.

E. tetragonum, L., given as a native of this region.

E. roseuni, Schreb., Sitka.

E. alpiuuni, L., Sitka.

E. affine, Bongard, Sitka.

Circaea alpina, L., Sitka,

Hippuris vulgaris, L., Sitka and Bay of Good Hope.
H. montana, Ledeb,, Ounalashka,
H. maritima, Hellen., Kotzebue sound and delta of river Buckland.

rOKTULACACE^.

Claytonia Virginica, L., Kotzebue sound.

C. sanncntosa, G. A. Meyer, Gape Lisburnc and Kotzebue sound.

G. liagellaris, Bong., Sitka.

G. Siltirica, L., Sitka and Gape St, Elias.

G. Gbaniissonis, Eschscholtz, (C. aquaticaj Nutt, in Flora North America,
Torreyand Gray; Jidc Ledebour,) Ounalashka,
Montia fontana, L., Sitka, Ounalashka, Norton sound, and Kotzebue sound.

CRASSULACE.S:.

Sedum Rhodiohi, DG., Norton and Kotzebue sounds.

GROSSULACE^:,

Ribes rubrum, L., Port Glarence and Kotzebue sound ; Youkon river, Dall
R. Hudsonianuui, Richards. ; Youkon river, Dall.

R. lasiflorum, Pnrsh, Cape St. Elias and Sitka.

R. bracteosum, Dougl., Sitka.

R. lacustre, Piu'sh ; Point BaiTow to Mackenzie river, Pullen.

SAXIFRAGACE^.

Saxifraga oppositifolia, L., OunalasWca, Cape Lisburne, Kotzebue sound, and
northern coast.

S. bronchialis, L., Kotzebue sound, Wainwright inlet, and Ounalashka.
S. nitida, Schreb., Ounalashka

; fide Ledebour, Flora Rossica,

S. Eschscholtzii, Sternb., Cape Lisburne and Kotzebue sound.

S. flagellaris, Willd., Gape Lisburne, Kotzebue sound, and Assistance bay.

S. Hirculus, L., Norton sound to Point BaiTow, and on northern coast.

S. tricuspidata, Retz, Kotzebue sound and Ounalashka; Fort Youkon, Mr.
Dall.

S. serpyllifolia, Pursh., Cape Lisburne, Ounalashka, and Island of St. Law-
rence.

S. Icucanthemifolia, Lap., (S. stellaris, L., var. Brumioiana, Bongard, Veg.
Sitka,) Sitka and Gape Prince of Wales.
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S. Davurica, Pall., (Seemann lias united witli this species S. flabellifolia, and
apparently on good grounds,) Capo Lisburne, Kotzebuo sound and Ounalasliku.

S. nivalis, L., Ounalaslika, Cape Lisburne, and other stations on the coast.

S. cernua, L., Point Barrow to Mackenzie river, Pullon.

S. hieracifolia, W. and K., island oi" St. Lawrence and Kotzebue sound.

8. Nelsoniana, Don, (not of Hooker and Arnott, in botany of Beecliey's Voy-
age,) Norton sound, IL M. Bannister.

S. spicata, Don, Sledge island and Cape Prince of "Wales.

S. punctata, L., S. aestivalis, Fischer, Sitka, Ounalashka, and Kotzobue
sound.

S. arguta, Don, "northwest coast." Where?
S. nudicaulis, Don, between Norton and Kotzebuo sounds; fide Lodebour,

Fl. Ross.

S. heteranthera, Hooker; S. Mortensiana, Bong., Veg., Sitka; ^de Lede-

bour, S. aestivalis, var. T. and G., Sitka.

S. exilis, Steph., bays of SchischniarefF and Eschscholtz; most likely, as sug-

gested b}^ J. D. Hooker, only a weedy state of S. cernua, L.

S. Sibii-ica, L., Kotzebue sound.

S. rivularis, L., Kotzebuo sound.

S. ca3spitosa, L., Kotzebue sound.

S. exarata, VilL, Ounalashka, and Kotzebue sound.

S. sileniflora, Sternb., Kotzebue sound, and Ounalashka.

S. androsacea, L., is hardly likely to be identical with the plant said by
Piu'sh to inhabit the northwest coast ; I do not therefore include it in this list.

Boykinia Richardsonii, Sasifraga Richardsonii, Hook.; S. Nelsoniana, Hook,
and Ai'iiptt, in Botany of Beeehey's Voyage, tab. 29.

Leptarrhena pyrifolia, R. Br., Ounalashka and Cape Prince of Wales?
Chrysosplenium alternifolium, L., Kotzebue sound to Cape Lisburne.

Tellima grandiflora, Dougl., Sitka and the islands adjacent the coast.

Tiarella trifoliata, L., Sitka and Alaskan coast.

Heuchera glabra, Willd. ; H. divaricata, Fisch., Sitka.

UMBELLirEIl.3D.

Bupleurum ranunculoides, L., Port Clarcnco to Cape Lisburne; Norton
sound, H. M. Bannister.

Ligusticuni Scoticum, L., Sitka, Kodiak, Kotzebue sound, and Norton sound.

Conioselinum Fischori, Wimra. and Grab., Sitka, Ounalashka, Kotzebue sound,

and Arctic coast.

Heracleum lanatum, Michx., Sitka".

Osmorrhiza nuda, Torr. ; 0. brovistylus, Bongard, Vegetation of Sitka, Ouna-
lashka, and Sitka.

Archangelica officinalis, Hoffra., Ounalashka and Kotzebue sound; Sitka^

Kellogg.

A. Gmelini, DC, Sitka, Ounalashka, and Kotzebue.

ARALIACE^.

Panax liorridum, Smith, Sitka and Kodiak,

Adoxa Moschatelliua, L., Russian America, ^€ Ledebour ; "what part?

COENACB^.

Cornus Suecica, L., common on western coast of Alaska.

C. Unalaschkensis, Ledebom", Ounalashka.

C. Canadensis, L., Sitka.

C. stolouifera, Michx. ; Fort Youkon, Dall.
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OAPEIFOLIACILa;.

SamTbucus ptibens, Micbx., Sitka.

Viburnum acerifolium, L. ; Fort Youkon, Dall.

V. pauciflorum, Pylaie ; V. acorifolium, Bongard's Veg. Sitka. The stipuli-

form appendages appear to bo tho only constant difference between tliese two

species in my specimens. They are quite variable in length of stamens and
^ape of corolla.

Linnaea borealis, Gronov., Norton and Kotzebue sounds, and Sitka and Ouna-
lashka.

EIJBIACE^,

Galium trifidum, L., Ounalashka and Sitka.

G. boreale, L. ; G. rubioides, Hook, and Arnott, Bot. Beechey, fide Seemann,
Kotzebue sound, lliver Buckland, Fort Youkon, and banks of tho Youkon river.

G. triflorum, Michx., Sitka and Ounalashka,

G. aparine, L., Sitka and Ounalashka.

VALERIANA CE.aEl.

Valeriana dioirca, L., Norton sound.

V. capitata, Willd., Kotzebue sound to Cape Lisbume, Sitka; Point Barrow
to Mackenzie river, Fallen.

COMPOSITiE.

Nardosmia frigida, Hook., includes N. corymboea. Hook. ; Ounalashjca, Nor-

ton sound, and the northern coast, Pulleu.

Aster multiflorus, Ait. Perhaps we may include under this A. ramulosis,

Lindl., and A. falcatus, Lindl. If this be done, we have one polymorphic

species, ranging from Georgia to Point Barrow and Mackenzie river, and from

Massachusetts to the Rocky mountains, northern coast, Pullen.

A. preregrinus, Pureh, Ounalashka and Norfolk sound.

A. Ibliaceus, Lindl. ; Ounalashka, Fischer.

A. salsuginosus, Richards., Sitka, Ounalashka, and Kotzebue sound.

A. alpinus, L., Ounalashka, 2,000 feet above the sea, fide Kellogg.

A. Sibiricus, L. ; including, after J. D. Hooker and Fries, A. montanus, Rich-

ards, and A. Richardsonii, Spr. ; Kotzebue sound, Ounalashka, and Point Barrow,

Pullen.

Erigeron uniflorum, L. Following Fricg, I include under this species E. pul-

chelluin, DC, as a variety. There is unquestionably good ground for the union;

Ounalashka and Cape Lisbume.
E. glabellum, Nutt, Wainwi'ight inlet to Mackenzie river; var. asperum. Fort

Youkon, Dall., Rev. McDonald, and Antoine Houle.

Solidago Virga-aurea, L., Ounalashka to Kotzebue sound, Cape Lisbume,

and on northern coast; var. mulliradiata, Fort Youkon, Dall.

S. confertiflora, DC, Ounalashka and Cape Mulgrave; Kodiak, Dr. A. Kel-

logg-

Ptarmica borealis, DC, Sitka.

P. Sibirica, Ounalashka and Eschscholtz bay.

P. speciosa, DC
;
given by Ledebour on the authority of J. G. Gtnelin as

a native of this region.

Achillea IMillefolium, L., Norton sound, Ounalashka, Sitka, and Fort Youkon.
Leucauthemum integiifolium, DC, Kotzebue sound, island of St. Lawrence,

and from Point BaiTow to Mackenzie river, Pullen.

L. arcticum, DC, Norton sound to Washington inlet.

Matricaria discoidea, DC, Sitka and Ounalashka.
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M. inodora, L., Kotzebne sound. M. inodora var. oliguluta was also collected

both by Bannister and Seemannat Norton sound. Tliis is not only destitute of

rays, but is also stouter, and may, as 3Ir. Seemann suggests, be entitled to spe-

cilic rank.

Tanacetum Kotzebuense, Bess., Cape Espenberg, fide Ledebour ex Escliolt;:.

T. Huronense, Nutt, Fort Youkon, Dall.

Artemisia borealis, Pallas, Kotzebue sound and Arctic coast, and wliat seems
to be a variety with glomerate, ahnost capitate, inflorescence, from Sitka.

A vulgaris, L. ; var. Tilesii, Fort St. Michaels and western and northern coasts.

A. glomerata, Ledeb.? Kotzebue sound.

A. audrosacea, Seem,. Bot. Herald, tab. 6 ; A. glomerata of Hooker and
Arnott, Bot. Beechey, but not of Ledebour, fide Seemann. This, it is thought

bv Dr. Hooker, may prove '' an arctic tufted variety of some better known
plant."

A. globularia, Cham., Ounalashka and island of St. Lawa'encc.

A. arctica. Less., Cape Lisburne and Point Hope, and possibly Sitka.

A. Chamissonis, Bess. Seemann states that though A. arctica and A. Cliamis-

sonis are by some authors united, they may at once be distinguished by their

different habits.

A. Absinthium, L. Given by Ledebour, (Flora Rossica,) ou the authority

of J. G. Gmelin, as a doubtful native of Russian America.

Gnaphalium sylvaticum, L., Russian America, fide Ledebour ex J. G.
Gmelin.

Antennaria alpina, Gaert. ; including A., monocephala, DC, Kotzebue sound,

island of St. Lawrence and Ounalashka.

A. dioica, Gaert., islands adjacent to the American coast, Ledebour ex J. G.

Gmelin.

A. margaritacea, R. Br., Sitka, (Ferd. Bischoff,) and Ounalashka.

Arnica angustifolia, Valil, Kotzebue sound and Fort Youkon, Dall.

A. Chamissonis, Less., Ounalashka.

A. obtusifolia, Less., Ounalashka.

A. Uunalaschkensis, Less., Ounalashka.
A. latifolia, Bong., Sitka.

Senecio resedifolius, Less., Capo Lisburne and Kotzebue sound.

S. fiigidus, Less., Kotzebue sound. Cape Lisburne and island of St. Lawrence.

S. triangularis, Hooker, Sitka, Eschscholtz.

S. Pseudo-arnica, Less., common on western shore of Alaska; also on Cha-
misso island.

S. aureus, L., Fort Youkon, Antoine Houle.

S. lugens, Richards, Kotzebue sound and Cape of Good Hope, Fort Youkon,

Mr. Dalh
S. palustris, DC, Norton sound, Kotzebue sound, Wainwright inlet, and on

the northern shore.

S. Hookeri, T. and G., Kotzebue sound.

Saussurea alpina, L., Kotzebue sound. I here include S. monticola, which

Pullen foimd on the northern shore from Point Barrow to ^[ackenzie river.

S. subsinuata, Ledeb., Kotzelnie sound, Bot. Hei-ald, tab. 7.

Taraxacum Dens leonis, Desf., Kotzebue sound to Point Hope and nortbem

coast, Ounalashka ; var. ceratophorurn, Ounalashka and Norton sound.

T. palustre, DC, Kotzebue sound.

T. lyratum, DC, Ounalashka.
Mulgedium pulchellum, Nutt, Point Barrow to Mackenzie river, Pullen.

Nabalus alatus, Hooker, Ounalashka and Sitka.

Apaigidium boreale, T. and G., Sitka.

Hieracium triste, Willd., Ounalashka and Norfolk soiuuL

29 s
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CAMPANULACE^.

Campanula dasyantlia, M. and Bieb., Ounalaslika and Cape Prince ofWales.

C. rotundifolia, L., C. beterodoxa, Vest., Sitka.

C. uniflora, L., Kotzebue sound, Cape Lisburne, and Ounalaslika.

C. lasiocarpa, Cbam., Kotzebue sound and Ounalaslika.

ERICACEJ^..

Vaccininm Vitis-Idaea, L., Ounalashka, St. Lawrence, Sitka ; from Norton

sound to Point Barrow and on the northern coast.

V. myrtilloides. Hooker ; Sitka, Ferd. Biscboff.

V. Myrtillus, L. ; Sitka, Ferd. Biscboff.

V. Cbamissonis, Bong., Sitka and Ounalaslika.

V. ovalifolium, Smith ; Sitka, Ferd. Biscboff.

V. parvifolium. Smith ; Sitka, Ferd. Biscboff.

V. salioinum, Cham, and Schlecbt., Ounalashka.

V. ca^spitosum, Michx., Sitka.

V. uliginosum, L., Sitka, Ounalashka, Kotzebue sound, and the northern coast.

Oxycoccus vulgaris, Pursh, Sitka, Ounalashka, and Kotzebue sound.

Arctostapbylos alpina, Spreng., Ounalashka ; Norton sound to Point Barrow
;

also on the Arctic coast.

A. Uva-ursi, Spreng., Ounalashka and Cape Prince of Wales, Arctic coast,

Pullen.

Andromeda polifolia, L., Sitka and Kotzebue sound,

Cassandra calycnlata, Don, Kotzebue sound.

Cassiope lycopodioides, Don, Ounalashka.

C. tetragona, Don, Island of St. Lawrence, Kotzebue sound to Point Barrow,

and on the Arctic coast.

C. Mertensiana, Don, Sitka.

C. Stelleriana, DC, Sitka.

Pbyllodoce Pallasiana, Don, Sitka and Ounalashka.

Menziesia ferruginea. Smith, Sitka, and Ounalashka.

Loiseleuria procumbens, Desv., Cape Lisburne and islands of Ounalashka and
Chamisso.
Rhododendron Lapponicum, Wahl., Port Clarence.

K. Kamtschaticum, Pall., Ounalashka.

Kalniia glauca, Ait., Sitka.

Ledum latifolium, Ait., Sitka.

L. palustre, L., Norton sound to Point Ban'ow and northern coast. This and
the preceding species should probably be united.

Cladotbamnus p^-rolajflorus. Bong., Sitka.

Pyrola rotundit'olia, L., Ounalashka, Kotzebue sound, and northern coast.

P. minor, L., Ounalashka.

P. secunda, L., Sitka and Kotzebue sound.

Moneses grandiflora, Salisb., Sitka.

LENTIBULACE^.

Pinguiculii vulgaris, L., Sitka.

P. microceras, Willd., Ounalashka.

P- macroceras, Cham., Ounalashka.

P. villosa, L., islands of Chamisso and Ounalashka ; also, Norton sound, H.
M. Bannister.

PRIMULACE^.

Primula nivalis. Pall., islands of Ounalashka and St. Lawrence, and Kotze-

bue sound.



SKETCH OF THE FLORA OF ALASKA.. 451

P. stricta, Horncm., after J. D. Hooker, 1. c, I include under tliis species

P. Ilornenuinniana and P. Mistassinica, both of C. and S. and of Micbx.,

Kotzebue sound.

Androsace Ghamaejasme, Willd., Kotzebue sound to Wainwrigbt inlet.

A. septcntrionalis, L., Kotzebue sound and Charaisso island, Fort Youkou,
Antoine Houle.

A. villosa is stated b}^ Ledebour to have been found at Kotzebue sound, in

Beechey's Voyage. I see no record of it in Hooker and Arnott's list of plants

collected there. Possibly it may be an oversight on Ledeboui^'s part.

Dodecatheon Meadia, L., Sitka, Kotzebue sound, and Cape Lishurne. I can
find no valid grounds for keeping up the distinction l)etween D. i\Icadia, I).

integrifoliuni, and D. frigiduni. The last is proV)ably the most marked variety

of the number; but after a careful comparison of the forms comprising the genus
I think it safest to regard them as varieties of a widely distributed polymor-
phic species.

Glaux maritima, L., Sitka.

Trientalis Europsea, L., .Sitka, Norton sound ; H. M. Bannister.

GEXTIANACE.S;.

Gentiana Amarella, L., Sitka.

G. acuta, Michs., Ounalashka.

G. tenella, Rottb., Kotzebue sound.

G. detonsa. Fries ; Point Barrow to Mackenzie river, Pullen ; Fort Youkon,
Antoine Houle.

G. propinqua, Richards. ; G. Rurickiana, Kotzebue sound, Port Clarence, and
Norton sound, H. M. Bannister.

G. Aleutica, Cham., Ounalashka.

G. prostrata, Haenke, Ounalashka and Kotzebue sound.

G. glauca, Pall., Kotzebue sound and Wainwright inlet.

G. platypetala, Griesb.; Sitka, Eschscholtz.

G. Douglasiana, Bong., Sitka.

Pleurogyue rotata, Griesb., Kotzebue sound, river Buckland and Ai'ctic

coast.

Swertia perennis, L., Kodiak, Dr. A. Kellogg ; S. perennis, L., van obtusa,

Kodiak, Dr. A. Kellogg.

Villarsia Cnsta-galli, Griesb., Sitka.

Menyanthes trifoliata, L., Ounalashka and Sitka.

POLEMOXIACE^.

Phlox Sibii'ica, L., Kotzebue sound.

Polemonium caeruleum, L., Norton sound to Point Bairow; islands of St.

George, Ounalashka, and Chamisso ; Fort Youkon, Dall. I recognize but two
species of this genus belonging to northern North America—the one, P. reptans,

L., which is well marked, and the other P. caeruleum, L., as made up of all the

others. Numerous as the forms and wide as the extremes of the latter aggregate
species are, they can easily be connected. Even P. pulchellum, Bunge, which
is perhaps the best marked variety, shades off by insensible gradations into the

others.

"^iapensia Lapponica, L., island of St. Lawrence.

BOKRAGINACE^.

Mertcnsia maritima, Don, Sitka, Norton sound to PoiQl~'Darrow and Cape
Bathurst.

M. paniculata, Don, M. pilosa, DC; Kotzebue sound ; Fort Youkon, Antoino
Houle and Mr. Dall.

M. Sibirica; Don; M. denticulata, Don, Kotzebue sound.
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Myosotis sylvatica, HofFm., Cape LisLurae and Arctic coast.

Ecbinospermum lledowskii, Lehm.? Fort Youkon, Rev. McDonaltl.

Eritricliium villosum, Buiige. I include here, after J. D. Hooker, 1. c, E.

aretioides A. DC, which form is found at Cape Lisburne and island of St. Law-
rence, Tab. viii. Cot. Herald.

E. plebejum, Alph. DC, Ounalashka.

HTDKOPHTLLACE^.

Romanzoffia Unalaschkensis, Cham., Ounalashka.

R. Sitchensis, Cham., Sitka.

SCROPHULARIACE^.

Pentstemon frutescens, Lamb., Ounalashka. Not found since Pallas is said

to have discovered it in Kamtschatka and in the island of Ounalashka.

Mimnlus lutous, L., M. guttatus, DC, Cape St. Elias, Ounalashka, Kodiak,

and Sitka.

Veronica Anagallis, L., Sitka.

V. Americana, Schweinitz, Sitka, Ferd. Bischoff.

V. Beccabung'a. L., Ounalashka.

V. Stelleri, Pall., Ounalashka.

y. alpina, L., Sitka and Ounalashka.

V. serpyllifolia, L., Sitka and Ounalashka.

Castilleja pallida, Kunth., Sitka, Kotzebnc sound, Chamisso island and Arctio

coast; Fort Youkon, Dall. J.D.Hooker has included, and I think justly,

under this species C septentrionalis, Lindl. Professor Gray has also nnited

them, in the last edition of his Manual of Botany ; also, in his revision of the

genus, (see Am. Jour. Sci., second series, vol. xxxiv, p. 44.)

C parviflora, Bong,, Sitka. ''This is apparently the commonest species and
of widest range west of the Rocky mountains, extending from Russian America
to southern California."—Cray, 1. c.

Rhinanthus Crista-galli, L., Ounalashka.

Pedicularis verticillata, L., Sitka and the islands generally; also, Kotzcbuo
sound.

V. Chamissonis, Stev., Ounalashka.
P. pedicellata, Bunge, P. nasuta. Bong., in Veg. Sitka, non—M. A. Wwh. Jide

Ledeb. Fl. Rossica, Sitka.

P. subnuda, Benth., Sitka, Barclay.

P. palustris, L., Arctic America, at Bay of Good Hope, Jide Ledebour in Fl.

Ross.

P. euphrasioides, Steph., Norton and Kotzebue sounds; islands of Chamisso
and Kodiak.

P. Sudetica, L., Cape Lisbunie, Kotzebue sound, Arctic coast and island of

St. Lawrence. J. D. Hooker suggests uniting with this P. Langsdoriiii. On
his authoiity I admit the reduction.

P. hirsuta, L., including here P. lanata, Willd., as done by Bentham, fide J.

D. Hooker; islands of St, George and St. Lawrence, Kotzebue sound and Arctic

coast.

P. versicolor, "Wahlenb., Kotzebue sound and island of St. Lawrence.

P. capitate, Adams, Kotzebue sound, Ai'ctie coast and Ounalashka.

OROBANCHACE^.

Boschniakia glabra, C A. Meyer, Sitka and Kotzebue sound.

SELAOrNACE^i:.

Gymnandra Gmcliui, Cham, et Schlecht., Ounalashka, St. Lawrence island?

G. Stelleri, Cham, et Schlecht., Kotzebue sound, island of St. Lawrence

f
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LABIATE.

Dracoccplialum paviflorum, L., Fort Youkon, Anto'mc Iloule.

Briinella vulgaris, L., Sitka and Ounalashka.
Galcopsis Tetrahit, Sitka, Kellogg. Introduced, most likely. It is, however,

found in Kaiatschatka, but not being known to exist elsewhere between these

two points we can hardly account for its presence in Sitka by strictly natural

agencies.

rLTJMBAGINACEJE.

Statice Armeria, L., Ounalashka, Kotzebue sound, and northern coast.

PLANTAGINACE^.

Plantago major, L., Sitka, banks of Youkon river, Dall.

P. raacrocarpa, Cham, et Schlecht., Sitka and Ounalashka.
P. maritima, L., Sitka and Ounalashka.
P. media, L., Russian America, ,/?(/•(? J. G. Gmclin. What part?

POLTGONACE^.

Oxyria reniformis, Ilook., islands of Sitka, Ounalashka and St. Lawrence,

Kotzebue sound. Cape Lisburne and Arctic coast.

Rumex salicifolius, Weinm., Sitka.

R. Acetosii, L., Kotzebue sound.

R. domesticus, Hartm., Sitka, Ounalashka, and Kotzebue sound to Wain-
wright inlet.

Polygonum Bistorta, L., Kotzebue sound to Point Barrow and northern

coast.

P. viviparum, L., Sitka, Ounalashka, and along the coast generally.

P. polymorphura, Ledeb., var. lapathifolium, Ledeb., Kotzebue sound. P.

alpinum. Hook, et Arnott in Beechey's voyage, fide Ledebour, Kotzebue sound.

Professor Gray informs me that one of the doubtful forms I have sent him
iVom Mr. Dall's Fort Youkon collection is exactly P. alpinum as found at Kotze-
bue sound. I have, however, some older fruit, and am led to think it may
)'et prove P. tripterocarpum, Gray. It has the exserted broadly winged ache-

uium. The lower leaves, however, are not so reduced as in P. tripterocarpum,

the description of which I append in a foot-note. I have, however, some
older fruit of it than he had, and am led to think it may yet prove P. triptero-

carpum.—Gray. The description of which I insert below.*

P. aviculare, L., Sitka.

* " Polygonum tripterocarpum, Gray, n. sp., caule erecto vel assurgente simplici vel
parce ramoso, longitudinaliter striato glabro vel ad nodos deorsumque breviter retror.so

pubescente ; foliis (inferioribus ad ochreain reductis) patentibus lineari-lanceolatis aciiuii-

natis basi angustatis breviter petiolatis glabris vel subtus ad nervum puberulis margiue
ciliatis undulatisque inferioribus supra basim tevtia parte superioribus imae basi insertis

;

ochreis laxis nervoso—striatis rufis glabris vel basi pubescentibus ; panieula augusta foliata;

bracteis latis l-'i flores ; pedicellis exsertis floruin aequaiitibus supra medium articulatls

sepalis ovalibus vel obovatis obtusis ; staminibus ovarii dimidium scquautibus ; achenio
exserto calyce r5-4—plo longiore obovato late trialato stylis 3 recurvatis coronato stigmatibus
capitatis ; semine (immaturo) valde stipitato."

Coal bay, J. Small ; Arakamtchetchene island, C. Wright. The specimens from two or
three rather remote localities are 8-15 inches high, erect or slightly assurgent at the base ;

the short lower joints two or three times as long as the rather intlated leafless sheaths.
Some of the specimens are clothed at and below the nodes of the middle of the stem with a
more or less dense retrorse pubescence, while the lower and upper parts are nearly or quite
smooth. The points, however, in which they seem to differ most from P. polymorphum,
P. 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 MSS. (Mr. Dall found the same species at Plover bay, and if the forui P. polymor-
phum var. lapathifolium does not prove P. tripterocarpum it is likely the latter may yet be
found on the American side.)
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EMPETKACE^.

Empetrum nigrum, L., Sitka, St. Lawrence, Ounalashka, Norton sound to

Point Ban-ow and Ai'ctic coast.

SALICACE^.t

Salix myrtilloides, L., Kotzobue sound.

S. Lapponum, L., Kotzebue sound.

S. glauca, L., Cape Espenberg and Chamisso island.

8. arctica, Pall., Oanalaslika and Kotzebue sound.

S. myrsinites, L., island of St. Lawrence, fide Ledebour.

S. ovalifolia, Trautvett. ; S. Uva-ursi, Seemaun, Bot. Herald, {fide Ander-
son,) Kotzebue sound. Cape Espenberg-, and Island of Ounalashka.

S. rliamuifolia, (Pall?) Ounalashka.
S. g'lacialis, Anders., between Cape BaiTow and Mackenzie river, " Captain

Pallen."

S. reticulata, L., Ounalashka, Kotzebue sound, Cape Lisbunie, and Ai'ctic

coast.

S. plilebophylla, Anders., Ounalashka, island of St. Lawrence, and Kotzebue
sound.

S. polaris, Wahl., Wainwright inlet.

S. speciosa. Hook, et Ara., in Bot. Beechey, Kotzebue sound.

S. Ivicliardsoui, Hook., Kotzebue sound to Capo Lisbume.
S. Barclayi, Anders., Kodiak.
S. phyllicoides, Anders., western Arctic America, (Avatscha bay, Seemann.)
S. cordata, Mulil., var. Mackenziana, Point BaiTow, and along Arctic coast.

This form Anderson regards as a hybrid between S. cordata and S. vagants.

S. Sitchensis, Ledelj., Sitka.

Populus balsamifera, L., Chilcaht, Kellogg ; Youkon river, Dall.

URTICACE^.

Urtica dioica, L., Sitka, fide Bongard.

BETULACE^.

Betula glandulosa, Michx., Youkon river, Dall.

B. nana, L., Norton sound, Chamisso island, and Point Barrow.
B. Ermani, Cham., Oimalashka.
Alnus viridis, DC, Sitka, Ounalashka, Norton sound, Kotzebue sound, and

noilhern coast, Youkon river, Dall.

A. rubra. Bong., Sitka.

A. iucana, Willd., Kotzebue sound.

MYRICACE^.

Myrica Gale, L., Sitka.

COXIFERiE.*

Abies Canadensis, Michx., Sitka.

A. Meitensiana, Bong., Sitka.

t Mr. Dall collected, in the spring of 1867, a large number of willows, but owing to his
short stay in a given locality was of course unable to match the sexes or to obtain the
leaves. For want of material I am therefore compelled to pass them by.

* For want of material I am obliged to accept the determination of Ledebour's Flora Ros-
sica in regard to this order almost "in toto." I have, however, kept up the distinction
between Abies and Pinus for manifest reasons.
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A. Sitcbcnsis, Bong., Sitka.

A. alba, Miclix., northwestern Alaska, where, according to Seemann, it grows

from twenty to twenty-five feet high.

Pinns Cembra, L., Kotzebue sound, vide Bongard and Hooker and Arnott.

P. contorta. Dough, Sitka. I can hardly think this is P. inops of Ait., as is

nlleged by some authors.

Thuja excelsa, Bong., Sitka and southern Russian America.

Juniperus nana, Willd., Sitka.

SALSOLACE^.

Teloxys aristata, Moquin-Tandon ; Russian America, Pallas.

Atriplex littoralis, L., Kotzebue and Norton sound.

A. Gmelini, C. A. Meyer, Bong., Veg. Sitka, Kotzebue sound and Sitka.

Corispermum hyssopifolium, Stev., Point Barrow to Mackenzie river, PuUen.

Blitum capitatum, L., Port Youkon, Rev. M. C. Donald.

TYPHACE^.

Sparganium natans, L., Kotzebue sound and Ounalashka.

AKOIDE^.

Lysichiton Kamtschatcense, Schott ; Draconticum Kamtschatcense, L. ; Sym-

plocarpus Kamtschaticus, Bongard ; Arctiodracon Kamtschaticum, Gray on

the Botany of Japan, in Memoirs of American Academy of Arts and Sciences,

new series, vol. 2, pp. 408-9; Sitka, Bischoff. I give the description and

some remarks on the affinities of this plant, by Professor Gray, 1. c.

Lysichiton Schott. " Spadix nudus, scapum tenninans, cylindricus. Flores

hermaphroditi, Perigynium tetraphyllum, basi ovarii adnatum, phyllis obovatis

membranaceissubconcavis. Stamina, 4; filamenta plana ; antherae extrorsae, bilo-

culares, loculis ovalibus rima longitudinal! ex apice fere ad basim dehiscentibus.

Ovarium biloculare, rarius abortu uniloculare; stylus couicus, stigmate depresso

simplici termiuatus. Ovu^ in loculis solitaria, disseiraento paulo supra basim

inserta, horizontalia, orthotropa. Pericarpia carnosa, 1-2 sperma, in recepata-

cnlum commune spongiosum coalescentia, stylo crasso-conico acuto apiculata,

Semine hand visa.*—Herbse paludosae, boreali-Pacificse, acaules; foliis magn?s

Symplocarpi cum scapo elongato coetaneis e rhizomate crasso horizontal! ortis

;

spatha vagiuante superne in limbum lanceolatum seu ellipticum coloratum

explauatum.

From our skunk cabbage the new genus is distinguished by the elongated

scape, the membranaceous spatha or sheath, the spiciform spadix, the membra-

naceous perianth, the horizontal orthotropous ovules, and probably by the nature

of the fruit, which I have not seen mature. I lay little stress upon the bilocular

ovary, because one of the cells is occasionally abortive or wanting in the Japan-

ese plant, and because the ovary of Symplocarpus itself not rai'ely exhibits ves-

tiges of a second cell." Gray, I. c.

NAIDACE^.

Zostera marina, L., Ounalashka.

Potamogeton natans, L., Sitka.

P. rufescens, Besser, Ounalashka.

* " Semen ventre planum, dorso convexum, ambitu ellipticum. Embrjo macropodua."-

Prodromus Systematis Aroideum, p. 420, H. G. Schott.
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JUNCAGIKACE^.

Triglocliin maritimum, L.,lSitka.

T. palustre, L., Ounalashka.

ORCniDACE^.

Corallorliiza Mertensiana, LintlL, Sitka.

C. innata, R. Br., Kotzebue sound and Ounalashka.

Microstylis dipliyllos, Lindl, Ounalashka.

Calypso borealis, Salisb., Sitka ; Ferd. Bischoff.

Orchis latifolia, L., Ounalashka.

Platanthera obtusata, Lindl., Kotzebue sound.

P. Schischmareffiana, Lindl., Ounalashka.

P. Kocnigii, Lindl., Ounalashka.

P. dilatata, Lindl., Sitka and Ounalashka.

Pcristylus Chorisianus, Lindl., Ounalashka.

P. bracteatus, Lindl., Ounalashka.

Listcra cordata, R. Br., Sitka and Ounalashka.

L. Eschscholtziana, Cham., Ounalashka.

Spiranthes Romanzoffiana, Cham., Ounalashka.

Cypripedium guttatum, Swartz, Ounalashka.

1RIDACE.E.

S^syrinchium Bemiudiana, L., var. anceps., Sitka.

Iris Sibu'ica, L., Norton and Kotzebue somids.

SMILACE^.

Streptopus amplexifolius, DC, Sitka and Ounalashka.

S. roseus, Michx., Sitka.

Smilacina bifolia, Ker., Sitka. The large-leaved fonn appears most common
by lar, if we may judge from the proportion of it in the collections made at

Sitka.

LILIACE^.

Lloydia serotina, Richenb., St. Lawrence and Ounalashka islands, Cape Lis-

burne and Kotzebue sound.

Fritillaria Kamtschatcensis, Fisch., Sitka, and Ounalashka, and Capo Prince

of Wales.
Allium Schoenoprasum, L., Port Clarence, Norton and Kotzebue sounds,

and rapids of Youkon river, Dall.

Zygudeiuis glaucus, Nutt., Kotzebue sound ; Port Clarence, Arctic coast, and

Fort Youkon, Dall.

Veratrum Eschscholtzii, Gray, Sitka.

Tofieldia coccinea, Richards., Kotzebue sound, Chamisso island, and Cape
Lisburnc.

T. glutinosa, Pursh, Sitka.

JUNCACE^.

Luzula pilosa, Willd., Sitka and Kotzebue sound.

L. spadicea, DC, Sitka, Ounalashka, and Kotzebue sound.

L. arcuata, Wahl., Kotzebue sound, islands of St. Lawrence and Ounalashka.

L. campestris,, DC, Ounalashka, Sitka, and Kotzebue sound.

L. spicata, DC., island of St. Lawrence and Kotzebue sound.
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Juncus Balticus, Dcthard, Cape Espenberg, Norton soundj and Ounalaslika.

J. arcticus, Willd., Sitka.

J. ensifolius, Wickstroni, Ounalaslika.

J. falcatus, E. Meyer, Ounalaslika and Sitka.

J. castanens, Smith, Sitka, Ounalashka, and Kotzebue sound.

J. biglumis, L., Kotzebue sound,

J. Drunimondi, Ledeb., Ounalashka.

J. paradoxus, Meyer, is given by Ledebour as a doubtful native of Sitka.

CYPERACE^.

Scirpus casspitosus, L., Ounalashka and Sitka.

S. sylvaticus, L., Sitka.

Eriophorum vaginatum, L., Sitka.

E. Schcuchzeri, Hoppe, Kotzebue sound, and Sitka, fide Martens.

E. Chamissonis, 0. A. Meyer, Sitka and Ounalashka.
E. callitrix, Cham., Island of St. Lawrence.

E. latifolium, L., including E. polystachyum, E. angnstifoliura, and E. gra-

cile, Sitka, Norton sound to Point Barrow and the Arctic coast. " The silky

hair of the cotton grasses is used by the Estpimaux as a substitute for tinder/'

Seemann.
Rhynchospora alba, Vahl., Sitka.

Elyna spicata, Schrad., Arctic coast, Pullen.

CareX leiocarpa, C. A. Meyer, Sitka and Ounalashka.

C. micropoda, C. A. Meyer, Ounalashka.

C. circinata, C. A. Meyer, Sitka and Ounalashka.

C. nigricans, C. A. Meyer, Sitka and Ounalashka.

C. pauciflora, Lightf., Sitka.

C. elongata, L., Sitka.

C. leporina, L., Ounalashka.

C. lagopina, Wahl., Kotzebue sound.

C. Norvcgica, Willd., Sitka and Kotzebue sound
C. canesecns, L., Sitka.

C. stellulata. Good., Sitka and Ounalashka.

C remota, L., Sitka.

C. Buxbaumii, Wahl., Sitka.

C. Mertensii, Prescott, Ounalashka and Sitka.

C atrata, L., Kotzebue sound.

C. Gmelini, Hook., Sitka, Ounalashka, and Kotzebue sound.

C. livida, Wahl, Sitka.

C. capillaris, L. ; Ounalaslika, Eschscholtz.

0. rariflora. Smith, Ounalashka; and Bay of Schischmareff, Eschscholtz.

C rotundata, Wahl., Kotzebue sound.

C, macrochaeta, 0. A. Meyer, Ounalashka and Sitka.

C. melanocarpa, Cham., Island of St. Lawrence.

C. stylosa, C. A. Meyer, Sitka and Ounalashka.

C limosa, L., Sitka.

C. saxatilis, Wahl., Kotzebue sound and Norton sound.

C. fffiespitosa, L., Sitka and Kotzebue sound.

C. stricta. Good., Kotzebue sound.

C. aquatilis, Wahl., Ounalashka and Kotzebue sound.

C. cryptocarpa, C. A. Meyer, Sitka, Ounalashka, and Kotzebue sound.

0. acuta, Lh, Sitka.

C. vesicaria, L., Sitka and Kotzebue sound.

C. fuliginosa, Sternb., Kotzebue and Norton sound.*

* Not having access to Boott's great work on Carex I have followed Ledebour as the

latest available authority. Most likely some modification of this list will yet be needed.
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GRAMINE^.

Hordeum pratense, L., Sitka and Ounalashka.

H. jubatura, L. ; Fort Yoiikon, Antoine Houle.

El3'mus Sibiricus, L., Sitka.

E. arenarius, L., Norton sound to Point Barrow.

E. mollis, Trin., Sitka, Norton and Kotzebue sounds.

Triticum repens, L., Koti;ebue sound.

Festuca ovina, L., Kotzebue sound.

F. rubra, L., Sitka and Kotzebue sound j united by Messrs. Hooker and Gray
with F. ovina,

F. subulata, Bong., Sitka.

Bromus ciliatus, L., Kotzebue sound.

B. subnlatus, Ledeb., Ounalaslika.

B. Aleutensis, Trin., Ounalashka.

B. Sitchensis, Bong., Sitka.

Poa stenantha, Trin., Ounalashka, Sitka, and in America Arctica ad Fretum
Senjawin, Ledebour Flora Rossica, vol. iv, p. 372.

t

P. flavicans, Lcdeb., Ounalashka.
P. arctica, R. Br., Kotzebue sound, Ounalashka, and Sitka.

P. cenisia. All., Ounalashka, Cape Lisburne, and Kotzebue sound. I here

include P. abbrcviata, Br.

P. rotundata, Trin., Ounalashka.

P. nernoralis, L., Kotzebue sound.

P. annua, L., Sitka.

P. pratensis, L., Kotzebue sound and Ounalashka.
Oolpodiuni fulvum, Ledeb., Kotzebue sound.

Dupontia psilosantha, Rupi-., Kotzebue sound.

Catabrosa aquatica, Beauv., Sitka; fide Ledebour
C. algida. Fries, Kotzebue sound.

Atropis niaritirna, Ledeb., Sitka.

A. angustata, Ledeb., Kotzebue sound.

Glyceria aquatica. Smith, Sitka.

G. glumaris, Ledeb., islands of St. Lawrence and Sitka, peninsula of Alaska,
and Kotzebue sound.

Ilierochloa borealis, R. and Schult., Ounalashka and Kotzebue sound.

H, alpina, R. and Schult., Ounalashka, Kotzebue sound, and Arctic coast.

Trisetum subspicatum, Trin., Ounalashka and Kotzebue sound j and fi'om

Point Barrow to Mackenzie river, Pullen.

T. sesquiflorum, Trin., Ounalashka.
T. cernuum, Trin,, Sitka.

Aira caespitosa, Trin., Ounalaslika, and main land.

A. caespitosa, Trin., var. Bottnica ; Sitka, Bischoff and Kellogg. In looking
over the specimens of A. csespitosa in Herb., Gray, I find one from the Sandwich
islands and another from Fort Van'couvei", both of wliicli appear identical with
our forms from Sitka. They having been authentically named by Colonel Munro
as Aira csespitosa, var. Bottnica, I have labelled the Sitkan specimens in accord-

ance with his determination. Trinius, in Icones Grarainura, in the text fronting

his A. flexuosa, var. Bottnica, speaks of an Aira very similar to A. Bottnica

t Not being able to find fretum Senjawin in Arctic American maps, I applied to Prof.

S. F. Baird for a solution of the diflBculty. He informs me it is on the Asiatic side, latitude
64° 45' north, longitude 172° 35' west, between Kayne island and the Asiatic shore. Misled
by Ledebour placing the straiten the American si Je, I concluded it must be the Soguam pass
in the Aleutian island chain. However, as Professor Baird is positive, we may regard the
locality as settled. Dr. J. D. Hooker seems to have experienced a similar difficulty in

regard to the same locality.
'
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being found at Sitka by Mertens. Bongarcl is silent on the subject in " Vegeta-
tion of Sitka," tliough I find in Herb., Gray, a specimen similar to the Sitkuu
ones marked (but from Ounalaslika) as A. ca;spitosa, var. longiflora. Trinius,

1. c, vol. iii, writes of the same plant from Sitka, "caeterum hac varietate trau-

situs quidam sistitur ab A. casspitosa ad flexuosam ;" which statement seems pro-

bable enough.
A. arctica, Trin., Kotzebuo sound, Ounalashka, Sitka, and interior of the

country.

A. atropurpurea, Scheele, Sitka, Ounalashka, and from Point Banow to Mac-
kenzie river.

CalamagrostisAleutica, Trin., Ounalashka and Sitka.

C. purpurascens, E.. Br., Fort Youkon. llev. McDonald, Gray and Torrey
regard this as a form of C. sylvatica, DC.

C. strigosa, "Wahl.j Sitka. Munro unites with this C. Aleutica, Bong.
C. neglecta, Gaertner, Kotzebue sound.

C. Lapponica, Trin., Ounalashka.

C. Canadensis, Beauv., Kotzebue sound.

C. Langsdoi-ffii, Trin., Kotzebue sound, Eschscholtz.

Arctagrostis latifolia, Ledeb., Kotzebue sound and Arctic coast.

Cinna latifolia, Ledeb., Sitka.

Agrostis aequivalvis, Trin., Sitka and Ounalashka.
A. exarata, Trin., Ounalashka, Sitka, and Kodiak.
A. geminata, Trin., Ounalashka.
A. laxiflora, R. Br. ; Ounalashka, Mertens.

Phleum pratense, L., Alaska, where it thrives well, according to Kellogg

;

but in what part of Alaska ?

P. alpinum, L., Sitka and Ounalashka, Kotzebue sound, island of St. Law-
rence, (and Arctic coast ?)

Alopecm'us alpiuus, Smi, island of St. Lawrence, Kotzebue sound, (and Arctic

coast ?)

EQUISETACE^. •

Equisetum ai'vense, L., Sitka and Ounalashka.
E. sylvaticum, L., Kotzebue sound.

LYCOPODIACE^.

Lycopodium Selago, L., Sitka, Ounalashka, and Kotzebue sound.

L. annotinum, L., Sitka, Ounalashka, and Kotzebue sound.

L. Sitchense, lluprccht, Sitka.

L. complanatum, Sitka; fide Ledebour, Flora Rossica.

L. alpinum, L., Ounalashka.

L. dendroideum, Michx., Sitka
; fide Ledebour, Flora Rossica.

L. clavatum, L., Sitka and Ounalashka.

Selaginella spinosa, Beauv., Ounalashka, Eschscholtz.

riLICES.

Ophioglossum vulgatum, L., Ounalashka, Eschscholtz.

Botrychium Lunaria, Swartz ;
Ounalashka, Chamisso.

B. rutaceura, Willd. ; Ounalashka, Chamisso and Eschscholtz.

Pol^V'podiura vulgare, L., Sitka and Ounalashka.
P. Phegopteris, L. ; Ounalashka, Mertens.

P. Dryopteris, L., Ounalaslika and Kodiak.
Aspidium Lonchitis, Swartz ; Ounalashka, Chamisso and Eschscholtz.

,

A. aculeatum, Swartz, Sitka.
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A. spinulosnm, Swartz, Sitka, Kotzcl)UC sound, and Ounalaslika.

A. frac^rans, Swartz, Sitka, Kotzcbue and Norton sounds.

Cystopteris iVai^ilis, Bernli., Ounalaslika and Kotzebue sound.
^

Aspleniuin Fclix-foeinina, Bcrnh., Ounalasbka, and Sitka. Ko'diak?

Blechnum Spicant, Roth., Sitka; (Lomaria Spicant, Desv.)

Ptciis aqnilina, L., Sitka.

r. argentea, S. G. Graelin, (America-Rossica, Steller ex Pallas.)

Allosorus Sitchensis, Ruprecbt, Sitka. (Mihi ignota, Ledebour.)

A. foYcolatus, Ruprecbt, Ounalasbka and Kodiak.

Adiantum pedatum, L., var., Ounalasbka.

ANOPHYTES.
[DKTERMINED AND COMPILED BY THOMAS P. JAMES.]

Muscr.

Sphagnum cvmbifolium, Ehrh.; Sitka, BiscbofF.

S. teres, WabL; Nulato, W. H. Dall.

S. cuspidatuni, var. recurvum, Beauv., Sitka,

S. acutii'olium, Ehrh., Sitka and Alaska.

S. finibriatnm, Wilson; Kotzebue sound, B. Seemann.

S. fimbriatum, var. ramis denso compactis, foliis brevioribus subellipticis

;

Korton sound.

Weisia seiTulata, Funk, Nulato.

Dicranum crispum, Hedw., Kotzebue sound.

1). polycarpum, Ehrh., Alaska.

1). heteroniallum, Hedw., Alaska.

D. congcstuni, Brid., Sitka.

U. scopariuin, Hedw., Kotzebue sound and Alaska.

I), elongatum, Scbwaeg., Kotzebue sound.

I), palustre, Brid., var. foliis planis uec undulatis, Sitka and Nulato.

. J), majus, Smith, Sitka.

I). Schraderi, Schwseg., Kotzebue sound.

Barbula Miilleri, Br. and Sch.; Alaska, Kellogg.

Ceratodon purpureus, Biid., Kotzebue sound, Sitka, and Nulato.

Distichium capillaceura, Br. and Sch., Kotzebue sound and Nulato.

Tetraphis pellucida, Hedw., Sitka.

IJlota Barclayi, Mitten; Sitka, Barclay.

Racomitrium aciculare, Brid., Sitka.

R. f'asciculare, Brid., Alaska.

R. canescens, var. ericoides, Brid., Sitka.

R. lanuginosum, Br. and Sch., Kotzebue sound.

Tayloria serrata, Br. and Sch., Sitka.

Tetraplodon mnioides, Hedw., Kotzebue sound and Sitka.

Splachnum sphsericum, Hedw., Norton sound.

S. vasculosum, Linn., Sitka.

T. urceolatus, Br. and Sch., Kotzebue sound.

Encalypta rhabdocarpa, Scbwaeg., Nulato.

Funaria hygrometrica, Hedw., Iktigalik.

Bartramia Menziesii, Hook., Western Russian America.

Conostomum boreale, Swartz, Kotzebue sound.

Bryum polyraorphum, Br. and Sch., Sitka.

B. nutans, Schreb., Kotzebue sound, Sitka and Iktigalik.

B. crudum, Schreb., Iktigalik.

B. pyriforme, Hedw., Iktigalik.

B. lacustre, Brid., Kotzebue sound.
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B. inclinatum, Br, and Scli., Kotzobuo soimd.

B. capillure, Hedw., Sitka.

B. argentt'um, Linn., Iktigalik.

Mnium punctatum, lledw., Sitka.

M. rostratum, Schwasg., Kotzebuo sound.

]\I. affine, var. Zelatum, Br. and Sch., Sitka.

M. Menziesii, Kook., Sitka.

Aulacomnion turgiduni, Soliwaeg-., Kotzebue sound.

A. palustre, ScliwiCg'., Kotzebuo sound, Sitka and Nulato.

Pogonatum capillare, Miclix. and Brid., Kotzebue sound and Sitka, Alaska.
P. alpinum, Linn., var. foliis capsulis longioribus, Kotzebue sound and Sitka.*
P. alpinuin, var. furcatuni, Brid., Schischimarefi' bay, (Cliamisso.)

P. alpinum, var. canipanulatuni, Brid., Ounalasbka, (Chaniisso.)

P. atrovirens. Mitten, Sitka, (Barclay.)

P. contortum, Menz., northwestern coast of Russian America^, (Meuzies.)

P. dentatum, Menz., noi-tbwestern coast of Russian America.
Polytrichum gracilo, Menz., Kotzebue sound.

P. formosum, Hedw., Alaska, (Kellogg.)

P. cavifolium, AVilson in Bot. Herald, (Seeman,) Kotzobuo sound.

P. piliferum, Schreb., Alaska.

P. juniperinum, Willd., Kotzebuo sound and Nulato.

P. juniperinum, var. strictum, Br. and Sell., Kotzebuo sound and Sitka.

P. juniperinum, var. Ibliis distantibus, angustioribus patulis, Kotzebue sound,
Bitka, and Nulato.

P. sexangulare, IIopp., barren specimens from Herald island.

P. commune, Linn., Sitka.

Antitricbia curtipendula, Brid., Sitka.

A. Califomica, Lesqx., Alaska.

Neckera Douglassii, Hook., Steekine, Alaska.

N. Menziesii, Hook., Alaska.

Alsia Californica, Lesqx., Alaska.

HypriiuTi triquetrum, Linn., Nulato and Alaska.

H. loreum, Linn., Sitka and Alaska.

H. squarrosum, Linn., Sitka.

PI. cris])ifolium. Hook., Northwestern Russian America, (Menzies.)

H. laxifolium. Hook., Northwestern Russian America.
H. splendens, Hedw., Nulato and Alaska.

H. strigosum, Hoffm, Nulato.

H. undulatum, Linn,, Sitka.

H. lutescens, Huds., Kotzebue sound and Alaska.

H. myosuroides, var. stoloniferum, Hook.^ Northwestom Russian America,
Sitka, and Alaska.

* Mr. W. H. ])all, in 1865-66, collected a number of mosses in Eastern Siberia, on the
western side of Behrings' straits, and opposite to Norton sound, among which was a ni'W
species of Pogonatum, wliich no doubt will be dftected in Alaska, wlien explored. Tlio

species being interesting, it is deemed appropiiate to introduce it by tbe following descrij)tiou :

Pogonatum lamoUosum, sp. nov., dioicum, caule simplici vel ramoso, foliis solidis rigidis

incurvis eauli appressis ; e basi pellucida latiore amplexicauie, concavia lanceolato-acumiua-
tis margiue integra aut denticulata, lamellis numerosis margine subitotumidis, folii paginain
e basi ad apicem totam occupante : pencliJetialibus o basi iougioribus vagiuautibus ei ectis

an;:usto-lancculatis, tenui costatis ; perigonalibus exteruis angusto-lanceolatis, externis
obcordato-apiculatis ; capsula in pedicello flexuosa unciali, blobosa vel ovato-cylindrica
obliqua aut cernua, operculo e basi depresso-convexo rostellato iucurvo conioo, peristomii
dentibus aqualibus : calyptra non visa.

This beautiful Pogonatum is more slender than P. urnigerum, the laiiulljc of the loaves
occupy the entire upper surface from tho sheathing base to the apex ; the leaves most readily
separate from the translucent clasping base; the margins of the leaves are mostly entire,

occasionally more or less denticulate at the apex. Tlie capsule is globoseiy oval in form
and curved, the operculum appears to be shortly rostrate.
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n. Ruthenicnm, Weinni., Sitka.

H. Schreberi, Willd., Sitka.

H. Stokesii, Turner, Alaska.

H. uncinatum, Hedw., Kotzebue sound.

H. uncinatum, var. majus, Wilson, twice as large as the ordinary form, Kot-

zebue sound and Alaska.

II. revolvens, Swartz, Kotzebue sound.

II. circinale, Hook., Kotzebue sound, Xulato, and Alaska.

H. rugosum, Hedw., Kotzebue sound.

H. illecebrum, Schwaeg., var. caulis divisionibus subdeudroidus foliis subinte-

geiTimis, Alaska.

H. rivulare, Br. and Scli., var. foliis minus acutis, Kotzebue sound.

H. salebrosum ? Hoff in., Kotzebue sound,

H. nitens, Sclireb., Kotzebue sound.

H. denticulatum, Linn., Sitka.

H. serpens, Linn., Alaska. ^

HEPATICS:.

Marcliantia polymorpha, Linn., Alaska.

Fegatella conica Corda, Sitka and Iktigalik.

Fimbraria tenella, Nees ? Alaska.

Jungermannia albicans, Linn., Alaska.

J. tricliophylla, Linn., Alaska.

Scapania numerosa, Nees, Alaska.

LICHENES.
[LIST COMPILED BT H. MANN.]

Spliaerophoron fragile, Pers,

S. coralloides, Pers.

Baeomyces icmadophilus, Nyl., Biatora icmadophylla, anet.

Cladonia gracilis, Hoffrn., Sitka and Kotzebue sound.

C. pyxidata, Acli., Kotzebue sound.

C. deformis, HofFm., Kotzebue sound.

C. uncialis, Iloffm., Sitka and Kotzebue sound.

C. rangiferina, Hotfm., all Russian America.

C. sylvatica, Acli., all Russian America.

Piloplioron robustum, Nyl., islands of Behring's straits.

P. aciculare. Tuck., (Sect, of Stereocaulon,) Russian America.

Stereocaulon paschale, Laur., Kotzebue sound.

S. tomentosum 1 Fries, Kotzebue sound and other localities. Absence of

fruit renders the determination doubtful.

Thanuiolia vermiculare, common.
Alectoria ochroleuca, Fries, Kotzebue sound ; on the ground the normal form :

also, var. sarmentoso pendant from trees.

A. divergens, Nyl., various localities.

Cetraria Islandica, Ach., common.
Platysma cucuUatimi, Hoffm., common.
P. septentrionale, Nyl., Kotzebue sound.

P. glaucum, Nyl., Kotzebue sound.

Nephroma arcticuui. Fries, Kotzebue sound.

Peltigera venosa, Hofi'm., Kotzebue sound.

P. canina, Hoffm., Kotzebue sound.

P. polydactyla, Hotlm., Kotzebue sound, Sitka, &c.
P. apthosa, HofFm., Kotzebue sound, Sitka, &c.
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Sticta pulmonacea, Ach., Kotzebuc sound, Sitka, &:c.

S. scrcibiculata, Acli., Kotzebue sound.

Parmelia perforata, Acb., Kotzebue sound.

P. perlata, Acli., Kotzebue sound.

P. saxatilis, Acli., Kotzebue sound.

P. tiliacea, Acli., Kotzebue sound.

Pliyscia paiietina, D. N., Kotzebue sound.

P. stellaris. Fries.

P. obscura. Fries, Kotzebue sound.

Lecanora pallescens, var. Upsalensis, Fries, Kotzebue sound.

L. tartarica, var. frigida, Ach., Kotzebue sound.

Placodium elegans. Fries.

Psoroma hypnorum, DC*
The list ot Fungi and AJgce I liave taken from Mr. Seemann's Report on

the Botany of Western Esquimaux Laud.

FUNGI.

Dothidea betulina, var. Betula? nanse, Fries, Kotzebue sound.

Erineum roseum, Scliultz.

Alg^ {Auciore W. H. Harvey ^

Fucus vesiculosus, L., plentiful in Kotzebue sound.

Alaria esculenta, Grev., Arctic coast.

Chorda Filum, Stack.

Dictyosiphon foeniculaceus, Grev.

Chfetopteris plumosa, Kutz.

Odonthalia dentata, var. angusta, Harv., Arctic coast.

Rhodomela Larix, Ag.
Delesseria sinuosa, Ag., Arctic ocean.

Phyllophora Brodisei, J. Ag., Arctic coast, (single specimen of broad-leaved

variety.)

Ahnfeldtia (Gymnogongrus) plicata, J. Ag., Arctic coast.

Nostoc verrucosum? Fresh water pools at Port Clarence.

* All the lichens here enumerated, excepting the species Pilophora, are of wide northern
distribution, which the localities here indicated exhibit nothinp^ of. Many other boreal

species will reward search, and from some indications seen, we may expect the lichens of

the southern part of Kussiau America to show some special affinities to the interesting; lichen

flora of California. ii. M.



METEOROLOGY.
THE HURRICAXE IX THE ISLAND OF ST. THOMAS, OCTOBER 29, 186T.

I Translated from " The Diario de la Marina,'^ Habana, January 5, 1868.]

Public attention lias been so much attracted to the hurricane which occasioned,

October 29-30 last, such deplorable devastations in the islands of Porto llico,

St. Thomas, and other Antilles, that the following essay, embodying the reflec-

tions of an intelligent member of the Spanish marine on the law of these dis-

turbances, and especially on the course pursued by the storm in question, will

be read, we doubt not, with general interest

:

*' The late tempest, like other events of this kind, but to an extent rarely

witnessed, has marked its path with incalculable disasters botli on land and sea

;

especially the last, where the irresistible fury of the wind and waves seemed to

threaten everything which they encountered with annihilation. God, however,
in his infinite goodness, has given man intelligence, and placed in his hands
tlie means of contending with difHculties and overcoming tiiem ; inspiring him
with faith, the virtue which begets and sustains hope.

'^ The theory respecting the laio of storms proves to us that however fearful

these phenomena may be for navigators, they become much less formidal>le

when science has once taught us the natiu-e of our elemental foe, and conse-

quently the means of avoiding its destructive violence, in as far at least as is

bumaidy possible. Towards the end of the 16th century, a knowledge already
existed of the circular form of these tornadoes ; but, as happens with many
things of importance which sleep in oblivion and again reappear as novelties,

the knowledge of the above fact bore no fruits, until Mr. W. C. lledfield, of New
York, from 1831 to 1835, brought to light, by force of investigation, the defi-

nite law of the movement of rotation of hurricanes, as well as that of their

translation, with other circumstances attending them, conformable in all points

to the observations of other authors of accredited reputation.
'^ The storm of the 29th of October, which inundated Tortola, devastated St.

Thomas, ravaged many parts of Porto Rico, and made itself felt in the capital

of St. Domingo and the adjacent villages, affords one datum more to be col-

lated with others for continuing the study of the movement of hurricanes. It

results from the notices we have been able to collect, though these are not so

^precise as to enable us to judge with entire certainty, that the hunicane 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. The mail steamer Principe

Alfonso encountei'ed it in her course two days before reaching this port, and her

skilful commander avoided it by suitably tacking ship until he thought that he
might pursue his voyage without risk, thus arriving safely in the rear of the

hurricane without experiencing any great inconvenience. Sr, Lastra assured

me that he had steered in conformity with the prescribed rules as soon as he
suspected that he was in the neighborhood of a tornado.

" Knowing very nearly the point of its formation, it will be seen that the

course of the tornado was about W. ^ SW. until having passed .St. Thomas it

took a direction W. 5^ N., advancing at the rate of 13 to 15 miles an hour,

the vortex or focus passing V)}- the centre of the island of Porto Rico, as would
appear from the fact of Naguabo, Ilumacao, and Caguas, with certain other

places, having been most severely visited. The calm which was experienced

in Cayey, at the veering of the wind, is a convincing proof that the centre of

the storm passed at that point, for it is a characteristic circumstance of such
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meteors tliat tliey rotate around an area of calm of variable extension. The
central calm in question might be from three to fonr miles in diameter, judging

from the interval between the subsidence of the wind from the north and the

commencing violence of that from the west ; of which precise moment the gal-

lant and sagacious commander of the steamship Vasco Nunez cle Balboa knew
how to avail himself in order to pass from the shore to that vessel, at the i"isk

of perishing if this 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
that of its greatest force some 20, since in this port and that of Arroyo it was
felt with less intensity than at other points more inland and distant from those

places 15 to 20 miles. That the disturbance is of a circular form, or of a cur-

vature approaching that figure, is once more shown by the circumstance of the

wind's blowing at the same time in two distinct points, which may be considered

as diamctricall}^ opposed in regard to the centre or focus of opposite rhombs
;

for example, at the same hour when, at Porto Rico, the direction was from NE.
to E.NE., at AiToyo 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. Domingo, which leads us to think that it terminated in that

island or pursued a course more to the north, leaving the south of Cuba for-

tunately unvisited, and arriving at the coasts of Florida ; a route which these

storms generally follow as far as the 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 the schooner AncMuza to 29.60 ; at Arroyo to 29.40. We
have not been able to verify the state of the atmosphere at other points of this

island ; the instruments, it would seem, not having acted with the promptness

usually observed, and the descent having only commenced when the tempest

was near at hand ; which may have happened fi'ora their having been, for some
days, lower than ordinary under noi-mal circumstances, and from the influence

of the north winds which had been prevailing before the hun-icane, so that the

latter exerted not a mediate, but an immediate influence. As regards exten-

sion, I consider this hurricane to have been one of the nan-owest kind, as in

general such disturbances have a larger diameter by some miles and embrace a

proportionably wider zone.

OBSERVATIONS REGARDING THE EARTHQUAKES WHICH OCCURRED IX ST.

THOMAS AND NEIGHBORING ISLANDS, COMMENCING NOV. 18, 1867.

By George A. Latimer.

The earthquakes which began on ISth November, 1867, and have since been fre-

quent, seem to have had their origin by the bursting out of a submarine volcano

in the sea somewhere about or between the Danish islands of St. Thomas and

St. Croix. The reasons for this opinion are :

1. The great wave which soon followed the first heavy shocks was seen for

some time rolling on towards St. Thomas and I'orto llico, from the south to

the north, while at the same moment another similar wave (perhaps even larger

than the first) rolled ou towards St. Croix, from the north to the south ; thus

showing that the volcanic eruption which caused them had occurred in the sea

somewhere between those two islands, and that the 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 of the harbor of St. Thomas, was an active

volcano, and on the Ibth and 19th November last emitted smoke; thus showing

the volcanic action was not distant.
3U s'
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3. Previous to November 18, 1867, eartliquakes had not been felt in St.

Croix ; on that day they were, and subsequently they have been simultaneously

\vith the shocks felt in St. Thomas ; showing thereby that a communication had
and has been opened between the two islands. Tlic shocks extended to Porto

Kico, and were felt throughout most of it; but tlie 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 soutli side was any
damagQ 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 Eico,) but it did not extend to the north side or west end.

Alf OPOIOX OX THE MARITIME DISASTERS OF THE ANTILLES.

Under the above title, D. Aristides Hojas has published, in the FcdcraVista

of Caracas, the interesting remarks which ensue, chiefly for the service of those

among us who are occupied with analogous studies

:

'' Having had inqsiries addressed to me respecting the catastrophe which is

reported to have taken place in the island of St. Thomas, 18th of the present

montli, I hastily reduced to writing the following propositions, which have since

appeared in the Federalisfa of Thursday, November 28.
'^ 1. A series of concussions of the earth during foiu" consecutive daj's 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 iiTuption of the

ocean ; in this case the phenomenon was merely local and the luuTicane 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 would have 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 those

places. Supposing the concussions of the earth jnd the subterranean noises to

have been continuous, (as the captain of the Cacique represents was the case in

San Pedro de Martinica,) 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. Thomas ?

" Founding vay opinion on the movements which have occuiTcd in various

sections of the continent, 1 have come to the conclusion that the 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.

The 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 18th,

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 sis 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,

witliuut the least risk of eiTor, that concussions must have been experienced in
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tlie regions lying cast of VenezueLi, attended by the same marine plienomena.

As regards the AntiUes, 1 doubt not that tlie convulsion whicli ravaged St.

Thomas must have visited Porto Rico, St. Domingo, and some of the lesser

Antilles. If the oscillations in Porto Rico were, as I presume, east and west,

tliey will have held on in the direction of the Cordilleras of the Antilles, and,

in that case, the concussions, instead of being limited to St. Thomas and Porto

Rico, will have extended to the whole archipelago.
" How, now, is this phenomenon to be 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 the above data and a study

of this branch of geology, I venture to assume that, beneath the American con-

tinent, there had been formed a seismic tempest, (when I sav 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 the strong concussion of Guayaquil

:

'' September 11. Earthquake in Guayaquil 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 STV.
" 28. Strong shocks in the Venezuelan Andes between 7 and 8 at nicfht.

'' October 10. Strong concussions in the Venezuelan Andes at 5 a. m. A
slight shock at Caracas at 2 p. m. the same day, attended with reports.

" 24. Strong concussion at Petare (little felt at Caracas) at 6 minutes before

2 p. m.
^' 26. Slight concussion at Caracas at 10 p. m.
*' November 2. Idem at Caracas at 5 minutes to 4 a. m., and again on the

10th at 10.50 p. m. and another some minutes afterwards. Again on the 15th
at 4.50 p. m.

" Tlie southeast direction of the slight concussions which were felt in Caracas
a few months ago show that the 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 Merida, and which continued uniformly to the

west, attaining Maracaibo, while to the north they reached Caracas intermit-

tently, together with the neighboring towns.
" The direction which this seismic tempest has piu'sued and still pursues is

indicated by an orbit which, starting from the Chilian and Peruvian Andes,
proceeds to Ecuador, passes to the east of the Andes of Granada, traverses

Venezuela by the bay of J3arcelona, and advances to the east of Porto Rico,

between that island and St. Thomas, The tempest is discharging itself, at the

present moment, on the great and lesser Antilles, and its shock in that region

is in turn acting upon the eastern part of Venezuela, producing the earthquakes
of Margarita and Carupano and the elevation of their seas."

ACCOiXT OF AN ERUPTION OF A VOLCANO IN NICARAGUA, NOV. 11, 1S67.

By a. B. Dickinson, United States Minister, Nicau.a.gua,

On the 14th of November last, a new volcano l)roke out in Nicaragua, about
eight leagues to the east of the city of Leon, on a crowded line of A'olcanoes

running through the State, parallel with the Pacific coast.

It commenced about 1 o'clock in the morning, with a succession of explosions
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Avhich were very distinctly felt and heard at Leon. These explosions opened n

fissxire through the earth's crust, about half a mile in length, running from the uld

fissure in a southwest direction, about midway between the extinct volcanoes ol

Las Pilas and Orota, which are two of the numerous cones studding the ancient

fissure.

Before daylight on the morning of the 14th, fire was seen issuing from the

new volcano in various places. The explosions continued u'regidarly during

the whole time that the volcano was in a state of eruption, sometimes in rapid

succession and at other times at intervals of haK an hour. Low, rumbling
sounds were heard almost ineessantly. In the course of a few days two craters

were opened on the new fissure, about 1,000 feet apart, the one at the south-

western extremity discharging perpendicularly, and the other shooting out towards

the northeast at an angle of 45 degrees. The 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 the 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 each

day and night from Leon. The best view which I obtained of it on that occa-

sion was before daylight, from a mountain summit, about one mile to the north-

west of the fissui'e and at right angles with it. The main crater, at the riglit,

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 the height of about 200 feet, had already formed around the

crater. The rim of the cone was white with heat and the outside red hot half

way down, while the remainder of its black groundwork was glittering with

innumerable glowing sparks. It was puffing quite regularly about once a

second, with a strong, constant blast, which kept up a column of flame, filled

Avith flying cinders, to the height of about 500 feet above the mouth of the

orifice. Irregidar explosions occun-ed at intervals, varying from 10 to 30 min-

utes, increasing the force and volume of the discharges, and sending them far

up into the rolling clouds above. The cinders went up in half-fused, blazing

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 chanired to a bluish black. The left hand crater was shootingo ...
out oblique discharges of flame and cinders of a similar character, at an angle

of 45 degrees from the other, and evidently communicated with it about 1,000

feet below the sitrface—the tAvo craters being that distance apart, and both dis-

cliarging simultaneously. This lialf-hoi'izontal crater was about 20 feet in

diameter.

The afternoon of the 27th, after a series of explosions which seemed to shake

the earth to its centre, the volcano commencecl discharging vast quantities of

black sand and heavier rocks. The column of flame at night was considerably

increased in height, and bright, meteor-like spots were seen ascending in the

flames to the height of not less than 3,000 feet. These were large, spherical

stones, four and five feet in diameter. The next morning the house-tops and
streets of Leon were covered with fine black sand from the volcano, and a vast

luminous cloud of raining sand overspread the whole surrounding country. This

rain of sand continued until the morning of the 30tli, when the volcano died

away, apparently smothered by its accumulated eruptions. The sand now covers

the whole surrounding country, from the volcano to the Pacific, a distance of

more than 50 miles from it. At Leon it is from an eighth to a quarter of an

nch in depth. As we approach the volcano it gradually grows deeper and

coarser. For a mile around the crater it lies in particles from three-eighths to

one-half an inch in diameter, and about a foot in depth, and the particles grad-

ually increase in size until they become small, broken rocks.
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Around tlie base of the cone, round, heavy rocks lie tliickly scattered, from

four to five feet in diameter, Imt much the larger portion of tliem have broken
into fragments. The cone itself is 200 feet high, with a crater in the top of

200 feet in diameter and about the same in depth. The inside of the crater, the

same as the outside, is covered with hard, broken rocks, generally less than a
foot in diameter. A long ridge of black scoria leads out from the branch crater

in a northeasterly direction. The slaggy, lava-like scoria which first issued from
the main crater is now principally covered up with the hard plutonic rocks which
came out from profound depths with the last discharges. The forest, for leagues

around, is scarred and maimed with the sharp cutting storms of sand, and near
the volcano the trees lie, cut into numerous fragments, half bmied beneath the

sand and rocks.

The volcano was an active and interesting sight for 16 days, and now in its

repose affords an ample and instructive field for the geologist. Indeed, no
country in the world presents a more interesting study than the plain of Leon.
Twenty volcanic cones are seen rising from it at a single view. Its soil is inex-

haustible in fertility, as finely pulverized and as evenly distributed as that of

the valley of the Nile or the Mississippi, not however by water, but by fire. It

has literally rained down from the volcanoes, richly freighted with fertilizing

materials.

Humboldt 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 it ma}^ not much longer remain neglected by them.

The recent fall of sand has been followed by a shower of rain, and though
but a few da^'S 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 with renewed life and vigor.

I send herewith a specimen of the sand, gathered at Leon before the rain,

hoping that it may be analyzed.

It may be proper in this connection to call attention to the recent destructive

storms, earthfpiakes and eruptions which occun-ed on and around the island of

St. Thomas during the same period of time which I have been describing, and
Avhicli undoubtedly sprang from the same general cause, as those earthquakes
were distinctly felt at Leon.

SECOND COMMUiSriCATION.

I have the pleasure to acknowledge the receipt of a letter from the Smith-
sonian Institution, containing a number of questions in regard to the recent vol-

cano in Nicaragua, which I will endeavor to answer as accm'ately as possible.

The latitude of the volcano is 12° 30' }iorth, the longitude 86° 45' west from
Greenwich, according to the government map of Nicaragua. Its distance from
the Pacific ocean is 40 miles.

The strong east wind prevailing here at this season of the year, and particu-

larly during the late volcanic eruption, brought the sand mostly to the west-
ward, but as fine sand was also carried in lesser quantities many leagues to the
eastward, it probably also partially entered the 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 commencement of the rain of sand the wind car-

ried it in a northwest direction; but for the last 24 hours of the sand storm the
wind earned it to the southwest.

Over an area of about 100 miles in diameter the sand averages at least one-
eighth of an inch in thickness.

The rainy season usually commences here about the middle of May and ends
the middle of November; the remainder of the year being the dry season. The
rainy season is without wind, but during the diy season high winds sweep over
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the country to the westward. This wind usually commences about the 1st of

December, but this last year it commenced about two weeks earlier, which was
about the time the volcano broke out. The rainy season closed also the 1st of

Noveml)er last. The usual appearance of the sun and sky in November is

remarkably bright, spotted 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 disturbed, and for several days in succession scarcely a patch of

clear sky was visible ; dark gray clouds were constantly whirling in heavy
masses to the westward, alarming the inhal)itants with their sombre and threat-

ening appearance. The explosions and the 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 vvest of the volcano, I encountered, very much to my surprise, a heavy
shower of rain, accompanied by thunder and lightning. The thunder, howevei",

was not easily distinguished from the roar of the volcano.

My attention was then particularly called to the fact that the storm came out

of the dense black cloud which ascended in a vast column from the crater, and
overhung the surroimding 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

stnick with the peculiar, oflensive odur of the volcano, which I afterwards became
familiar with. After approaching nearer to the volcano, and far enough to the

eastward to see through the cloud, I saw that the horizon was also cloudless in

that direction. I passed the limits of the shower to the north and west, and
also to the east. The shower was confined enth'ely to the west side of the vol-

cano, extending fifteen miles to the westward, and covering a belt about 10
miles in width, which showed from standing water and muddy ground that this

was by no means the first shower.

I have since ascertained from natives of the country that during the eruption

showers in that vicinity were almost daily, and that on one occasion it rained

hot water. But a single shower, however, reached as far as Leon. Brilliant

flashes of red and white were constantly darting from the crater into the cloud
above, and the lightning struck out in every direction from the jet of eruption

where it came in contact with the cloud.

With regard to the earthquakes I am unable to answer your questions satis-

factorily. It was distinctly felt here, and several others have also occurred
since that time, but they have all been so slight and little noticed that the direc-

tion or extent of the earth-wave has not been observed. It is reported to me,
also, that shocks of earthquake have been quite frequent of late in San Salvador.

Permit me to thank you for your account of the examination of the volcanic

sand which I had the pleasure to receive by last mail.

[The following is an account of the examination of the specimens by Profes-

sor George J. Brush, of Yale College.—J. 11.]

The volcanic sand appears to consist mainly, if not entirely, of three minerals

:

1st. An olive-green mineral, in angular fragments, which is evidently c^?7/50?/fe,

(olivine). 2d. A colorless, transparent mineral, also in angular fragments, is

probably a feldspar, but what particular species I am unable to say. 3d. A
grayish black to black substance, in many cases with the edges rounded from
semi-fusion

; appears to be an iron angife, (or hornblende.) It is magnetic, as is

the case with the fused iron angites. These minerals are constantly found in

the ejections from volcanoes and are constants of many lavas.
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CLOUD-BIRSTS.

Communicated by William J. Young, of Boise City, Idaho Territory.

You are probably aware tliat in the Great Basin, between the Rocky and

Sierra Nevada range of mountains, but little rain falls during the summer
montlis. I wis!) to call attention to a singular phenomenon that is observed in

that region during the dry season.

An old mountaineer and prospecter told me that one night in the summer of

1862, he, with several others, camped in a canon near Black Rock. Some time

during the night he was awakened by a roaring as of a storm in the mountains
;

yet the night was clear—no cloud was in sight. But soon the water came rush-

ing in torrents down the caiion, and drove the party to higher ground. He said

such floods were not uncommon in that region, and were occasioned by water-

spouts.

J. II. Neale, esq., a very intelligent merchant, who has spent the last two

years in that region, says :

"In August, 1864, I was travelling from Humboldt mines to Reese river.

The whole countr}^ was dry and parched, as is usual at that season of the year,

and the weather was ev^en warmer than common. About 2 o'clock p. m. I saw
what appeared to be a whirlwind. It appeared to be about 25 miles distant,

and the spiral column extended from the earth to a very dense cloud, which was
nearly as high as the scattered mountains in that vicinity. Soon this column
seemed to break, the upper third of it being detached from the rest and bent

over to the eastward. I then perceived that tliis spiral column was not of dust,

as I had at first supposed, but was water. The next day I crossed a canon

leading from the place where the phenomenon had occurred. Water was still

running in it, and there was evidence of a recent flood."

Inquiring I'urther, I consulted the Hon. William R. Harrison, a gentleman of

scientific attainments who had spent several years in the Humboldt mountains.

He told me that such phenomena were of not unfrequent occurrence in the Hum-
boldt mountains, and were called " cloud-bursts." He had witnessed several of

them—had ojice been in the edge of one, and once had stood on the top of a

mountain and witnessed the terrific scene in the caiion beneatli him. He says :

" The first sign of them is the sudden gathering of a small, dense, black

cloud on the mountain side, about one-third of the way from the top, and gen-

erally at the liead of a canon. Soon this cloud seems to dash itself to the earth,

taking a circular motion. It appeared as if an inverted whirlwind was drawing
from the cloud immense quantities of water, which is dashed in floods against

the mountain side."

By these Hoods, he said, he had known trees uprooted, and rocks, tons in

weight, carried by the torrent the eighth of a mile. On one occasion the water

in the canon leading from the " cloud-burst" was 30 feet deep. The area that

receives this immense body of water from the cloud is not generally more than

one hundred yards in diameter, and sometimes is much less. Star City (Iliun-

boldt mines) was once damaged by such a flood. I have heard (on this my
inhn-mation is not direct) that in 1862 several persons lost their lives by one of

these " cloud-bursts," somewhere in the Washoe region. These storms are

entirely different from anything I ever heard of occurring in any other part of

the world. They occur where the sky is elsewhere clear and cloudless. From
the first gathering of the cloud until the storm has passed and the sky is again

cloudless is seldom more than an hour, and does not generally exceed forty

minutes.

The cause 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 buriung air of these desei't plains.
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Professor Espy collected a iiumlier of cases in Pennsylvania and other parts

of the eastern States, of examples of this remark '>.ble phenomenon. The only

explanation winch appears to be sufKcient to account for it, and particularly the

amount of water which falls, is that of a water-spout or rotatory motion of the

air, produced by the disturbance of the ordinary stable condition of the atmo-

sphere by the abnomial heating; of the stratnm next the earth, and the subse-

quent bursting- of this upward, in the form of an ascending vortex, carrying with

it all the vapor which the air may contain from a smTounding- space of several

miles.

The quantity of water which falls will depend upon the amount of vapor in

the atmosphere which has been drawn into the vortex. It should be recollected

that although the air may be ver^^ dry at a higli temperature, yet it may con-

tain a much greater quantity of water in the form of vapor than a damper
atmosphere at a lower temperature. Thus, at 70° of temperature the air, when
perfectly saturated, contains about eight grains of vapor to the cubic foot ; at

90° it is capable of containing about 15 grains. From this it appears that the

capacity for vapor increases very rapidly with the temperature ; in the case

above cited an increase of 20° of temperature nearly doubles the capacity for

inoistm'e, and consequently produces a character of extreme dryness.

Although, at the same time, the air may contain a very large amount of vapor

•which, condensed by a diminution of temperature due to its increased elevation,

or perhaps by a colder stratum immediately above, may be precipitated on a

single spot, and thus give rise to the extraordinary effects above described.

ACCOUNT OF A METEORITE.

By Abner Woodworth, Council Grove, Kansas, March, 186G.

On the 7th of March, 1843, 1 left Paral, a town situated on the river Allendo

Mexico, State of Chihuahua, and, travelling some 25 miles, course 1C° east of

south, passed a lump of solid malleable iron, shape or figure resembling- two

inverted saucers, one-third or more bm'ied in the ground, supposed to weigh

five or six thousand jiounds. It is softer than bar iron. The blacksmith at

Rio riorido cuts oil" pieces with his cold chisel for horseshoes. It lies upon a

level plain, 20 miles from any mountain.

ACCOUNT OF A METEOKITE.

BV EOBERT SiMSON.

Shortly before an'iving at El Valle, on the road from Ilio Florido, we encoun-

ter first streaks of iron—grateful to the lips and hands, cracked and sore with

the lime through which we have for some time been travelling, (going north-

ward.) The hill-sides, where bare, now show a reddish color; and vegetation

is not so luxuriant as heretofore.

About half-way between El Valle and Paixal, on a bend of the Rio Florido,

at a place called Concepcion, is a 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, by, probably, two to five feet the other, very regular in shape,

and, where worn by the rubbing of hands, &c., of passers b}^, is bright, and, to

all appearance, is nearly pure metal. The steel hatchet cuts into it easily, but

with our means at hand wo found it impossible to detach any part of it. It

stood at the corner of the house, apparently to guai'd it from collisions of wagons



METEOROLOGY. 473

and tlie like. The majordomo said tins meteorite Lad, as lie had heard, fallen

liT»m the heavens, and had been brought I'rom a distance, I'roni a phice whore

other specimens also existed. Such we found to be the prevailing account of

this mass among the people of the place.

I would state that from La Concepcion to the Eio Grande there is an excel-

lent road leading through Sakillo and Monterey, and, save in respect to its

Aveight, there w'ould be no diflicnlty in conveying this meteorite. I tliirdi, also,

that, being cautiously approached, the Mexicans would sell it for a reasonable

sum. The common carts of the country, with solid wooden wheels, could well

convey it.

1 extract tlie foregoing partly from my own memoranda and partly from mem-
oranda of John W. Audubon, esquire, now deceased, who examined the speci-

men with me.

At PaiTal are large works for reducing the silver ores, which are in great quan-

tity in its neighborhood.

[It would appear, fi-om all the accounts we have had from this region, that a

shower of immense meteorites had occurred there at some remote period.—J. H.]

TEE METEOROLOGY OF CARACAS, YENEZIELA, SOUTH AMERICA.

By G. a. Ernst.

The town of Caracas is situated in a small valley of the northern coast chain

of Venezuela, in latitude 10° 30' 50" north, and in longitude C6° 5 A' 51" west

of Greenwich.

Its altitude above the level of the Caribl)ean sea, at Laguayra, was determined

August 23, 1866, from the following observations :

At lower station, (wharf at Laguayra,) l)arometer 760"'™, attached thermometer

26°.0 C, thermometer in open air 26°.7 C; latitude of Laguayra 10° 36' 15"

north ; at upper station, (Plaza Bolivar,) barometer 6S6.2'"'", attached ther-

mometer 21°. 7 C, thermometer in open air 21°.7 0. Converting the above data

into English measm-e, w'e have

Inch.

^ =29.031* t =80.06 F. T =78.8 F.
/Si=27.025 ^1= 71.06 t1= 71.06

and by means of Baily's tables, (see ]\Ii4)mal of Scientific Enquuy, London, 1859,

p. 168,) we find the difference of elevation 2923.5 English feet.

As far as 1 know there is no one at present engaged in this place in meteoro-

logical observations. Dr. Alexander Ibarra kept a joun^al for several years,

but it is now discontinued. With proper instruments, it would give me pleasure

to register the meteorological facts. My instruments were unfortunately broken

in an ascent to the Silla de Caracas, and I have not yet been able to replace

them with new and better ones.

I copy from the *' Annuario de Obscrvacioncs de la Ofllcina Central del Colegio

de Ingenieros de Venezuela para el auo de 1862," the following meteorological

table for 1860, constructed from the observations of Dr. Ibarra. The original

record of the temperature is given in degrees of the Centigrade scale, and of the

atmospheric pressure in units of the French scale ; both were reduced to English

units, which are commonly used in the United States. For the 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
Aug:ust ...

September
October...
November.
December.

Mean tem-
perature.

Mean at-

mos. pre.s.

luck

26.

2G.

'2<i.

2G.

2(i.

26.

20,

26.

26.

2G.

26.

26.

es.

9(;o

971

954
964
9H4
97.^)

980
964
956
946
933
959

Humidity,
Saussure's

71.64
66. W
73.10
68. 00
68.65
72. 80
75.90
76.40
76.90
76. 50
73. 85

Amount of

rain.*

Indies.

U. 158
0. 000
0.670
3. 349
0. 473
3. 664
4. 4.^)2

4.373
8.116
5.595
8.791
0. 083

* In French inches.

The correct mean annual temperaturet is therefore 71°.71, and the mean
annual l)arometric pressure 26^".963 ; the average degree of humidity 72°. 70, and
the total amount of rain in 1860, 34.724 inches. The following diagrams show
the annual march of the temperature and harometric pressure, as observed in

1860:
Monthly mean temperature at Caracas in 1860.

Montlilij mean barometerpressure at Caracas in ISGO.

Inches.

t See Appt'uihx B.
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Dekrmlnution of the hctght of the Silla de Caracas, at noon March 26, 1867.

At lower station (wliarf at Lagnayra)

:

Barometer 759'"'". 32, or 29.90-i English inches.

Attached thermometer 24°.2 0., or 7o°.56 Fah.
Thermometer in open air 24°.2 C, or 75°.56 Fnh.

At upper station, (top of the Silla de Caracas,) in latitude 10° 31' 15'' north

:

Barometer 557'""'.5, or 21.956 English inches.

Attached barometer 13°.8 C, or 54°.84 Fah.
Thermometer in open air 13°.8 C, or 54°.84 Fah.

Hence by Baily's tables, elevation of the Silla de Caracas 8,658 English feet,

or 5734.5 feet above Caracas.

APPENDIX A.

[From the ncader, Dec. ]0, 1864, p. 740.]

It appears to be the ordinary practice of instrument makers, when construct-

ing a l»arometer with the English and French scales, to turn to the tables for

the conversion of inches into millimetres, or vice versa, and to assume that the

equivalents there found are to be implicitly adopted. I am far from blaming
them for this assumption, but merely wish to show that it should in future cease

to be acted upon. An examination into the data on which these tables are con-

structed shows that they merely profess to give the equivalent of English inches

at the standard temperature of the yard (62° F.) in millimetres at the standard

temperature of the metre (0° C., or 32° F.) Hence the reading of the metrical

scale of a barometer coiTCsponding to any given number of inches should be the

tabular equivalent less a correction for the expansion of the scale between the

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 pressiu'e, the amount of this

coiTection will be constant, whatever be the temperature common to tJie two scales.

An example will render my meaning clearer. Let the barometric reading on
the English scale be 31 inches, the equivalent of which in the tables is 7S7.37
millimetres, based on the assumption that the temperatures of the scales are respect-

ively 62° and 32° F. If the attached thermometer indicates 62"^ it is clear that

the requisite condition is not realized in the case of the metric scale, which must
therefore be corrected. Let A be the linear expansion of bi'ass for 1° C. =
0.000018782 ; B the metrical reading = 787.39""", and t the temperature = 62°

F., or 76°.67 C. ; then

A B ^ = 0.000018782 times 787.39 times 16.67 = 0.247™'", the amount to

be deducted from the reading of the metrical scale equivalent to 31 inches, as

given in the table, in order to reduce it to the sauie temperature as the English
scale.

Unless this be done a discrepancy must always become apparent in the

reduced readings of the two scales. For instance, in the case of a mountain
barometer, by one of our leading makers, and now in my possession, 1 lind

761.99""" are made to correspond (following the authority of the tables) to 30
inches. If the temperature of the attached thermometer be 62° F., the resjject-

ive readings reduced to the freezing point become 30 — 0.090 = 29.910 inches

at the standard temperature, (62° F.,) 761.99 — 2.05 = 759.94"'"' at the stand-

ard temperature 0° C, (32° F.) Turning to the tables for the comparison of the

scales, we iind that 29.910'" at 62° F. are equivalent to 759.70'"'" at 0° C,
instead of 759.94 as abttve. If the barometer was properly constructed we
ought to have now 761.75""", as corresponding to 30 inches, and the figures
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reduced to tlio freezing point would Le 30 — 0.090 + 29.910 standard inches,

761.75 — 2.0/i = 759.70 standard mm, a result wliicli corresponds with the

figures of the tables.

For particular purposes the case may be put briefly as follows : At the

respective standard tem}wraturcs 1 inch = 25.39954""" or 25.4"""^ nearly. At
62° F., and therefore at any other temperature common to the two scales, 1 inch

= 25.4 (1 — 30(r)™'", where a equals the coefficient of dilatation of brass for 1°

F. = 0.0000104344, 1 inch = 25.4™°^ — 0.008 = 25.392°^°^. Therefore, at

the standard temperatures 30 inches = 25.4'"'" x 30 = 762"™ as in the tables.

At a common temjyeratiire 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 ado])ted as the respective equivalents of an inch and a milli-

metre at all common temperatures : 1 inch = 25.3916™™ and 1™™= 0.0393831

inches. The following tables are constructed on this basis :

TABLE L

Inches.
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nary mean barometric pressure from the same source is 2G'".9G2517, tlie true

mean 2G^".962515 ; the first shows a difference of +0°.004, the second of

0.000002 inches.

It is easy to prove that this difference (J) for a common year is represented

by the following equation :

4380J = 7 {mi-\-m:i-\-m5-\-mT\-ms+ nho+mi2)—29 ^2— 5 (w4+'Wg+w?9+'"ii)

and for a leap year:

wliere nii m-i m^i etc, are the monthly means corresponding to the first, second,

third, etc., month.
Taking again the case of Caracas as an example, wo find a differeneo for tLe

2 S''

thermometric means of -^^ :=: 0°.0038 as stated above, and for the barometric

0.0016
, ,

ineans of "yoo^ ^^ 0.0000022 as before.

AN AfCOUNT OF A CTCIOXE, JANUARY 6 AND 7, 1867, ENCOUNTERED BY THE
UNITED STATES STEAMER MONOCACT, 'WHILE ON HER PASSAGE FROM
SIMON'S BAY TO MAURITIUS, IN THE INDIAN OCEAN.

By Nicholas Pike, United States Consul, Port Louis.

The United States steamer Monocacy, bound from Simon's bay, South Africa,

towards Mauritius, met, during the passage to the last-mentioned port, one of

those dreaded tornadoes or hurricanes that swept over the vast expanse of the
South Indian ocean. Being myself on board of the Monocacy, and deeply inter-

ested in the science of the laws of storms, I succeeded, by careful observations

of barometer and thennometer, by noticing the changes of wind and tempera-
ture, and the rising and setting of the storm wave, to ascertain pretty correctly

the centre of the huixicane, and deduce all the aforesaid changes of wind and
weather to the rules laid down by Messrs. Piddington and Redfield, in their

admirable treatise on the law of storms; the oflicers of the vessel kindly supply-

ing me with a copy of the log, which, if even not very coiTect, greatly aided

me in tracing the cyclone home to its vortex.

As my object in writing this is not a description of the storm, but especially

facts and dates, and arranging such in tables to prove the correctness of the

theory of cyclones, I shall previously insert a short description of the tempest.

The whole of our passage, since leaAang Simon's bay, had been a succession of

bad weather, and the few sunny days which we in reality had were both to

officers and men a veritable blessing; sails were repaired, hammocks and bed-
ding aired, clothes dried and mended, and the decks, for the first time quite dry,

resounded in every direction with the joyous laughter of the crew, carelessly for-

getting the past troubles, living onl}^ for the present, regardless for the future.

But their joy was of short duration. On the evening of the 0th of January, the

sky became gloomy, dark threatening clouds passed swiftly to the northward,
the sea rose last, and the vestcl commenced to roll heavily ; bedding and clothes

were quickly taken below, and everything secured for the bad weather again.

The night, from January 6 to 7, fully justified our anticipations ; heavy blasts of

wind, rain, and lightning, the rolling of the vessel, the cracking of her tind)ers, and
the thundering noise of a wave breaking under the vessel's counter, made, I may
safely say, even the oldest seamen on board uncomfortable, especially as the

vessel being new, and her sea-worthiness to all, even to the captain, unknown, we
had not that confidence in her which her o-allant behavior afterwards durinir the
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following' gale inspired us all ; sails were reduccfl, or partly so, by tlie aid of

the storm, the flapping of the canvas, torn to ribbons by the rage of the tempest,

the lond thunder, the occasional flashes of lightning-, the rising of a tremendous

wave, showing first its white foaming crest far off on the horizon, and then

drawing nearer and nearer, till you might almost fancy it w^ould instantly engulf

us, but our gallant craft rose nobly to the crest of the surge. All this was a

spectacle wild and fearful to behold, but in its very wildncss grand and sublime.

Then, I may say, the metal of our crew was tried, and the true sailors, botli

among officers and men, were foimd ; but alas! how few, out of that great

number! They worked liard, sending down masts and yards, repairing or bend-

ing the storm-sails, or standing at the pumps, knee-deep in water, that washed
unceasingly over the decks. Daylight showed us at last the extent of the dam-
ages the vessel had sustained ; the paddle-boxes, the roundhouses were smashed
in and washed away, the rail forward was stove in, and the heavy one-inch iron

plates M'cre bent double, the ring-bolts to which the heavy pivot guns were

secured started from the deck, and the 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 dining four or five hours beat the sea down considerably,

but on the evening of the 7th the stomi commenced again. A red lurid light

spread all over the sky, and shortly after the setting of the sun the ocean became
furious once more. A tremendous sea breaking over the starboard bow swept

everything before it, tearing away the gratings of the hatches, breaking the

after sky-lights, and rushing down into the ward-room and cabin, floating and
drenching everything and everybody. The tiller ropes having been carried

away, tlie 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 upon us, smashing everything; the ship then coming to again filled her

decks with 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 the crest of the next wave; luckily the sea

having stove in the lower ports, the immense quantity of water found a ready

egress from her decks, and the vessel, lightened of her weight, rolled lcs« heavily;

new wheel-ropes were rove, and the storm having spent its fmy abated greatly.

In the morning a heavy shower of rain smoothed down the sea considerably,

and a little before six o'clock the sun rose red and gloriously in the east, in a

fair and cloudless sky. The danger passed, the heavy puffing and snorting of

the powerful engine showed that the good ship was once more speeding onward,

gracefully throwing the splashing, glittering spray from her bow back into the

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

the 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,

if 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 the high or cross seas the safety of the ship is endangered, the only course

left is to run before the wind in a tangent direction toward the inner storm disk,

and then gradually to edge ofl' to the outer limits of the cyclone ; and lastl}', by
running on the outside of the wind's circle, and even profit by it. But the ques-

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, the direc-

tion of every wind as a rotary, of which the outer part is a common close-reefed

topsail breeze, such as seamen do not care for, and by w-hich no seaworthy' ship

is injured, but the violence of the wind increases with great rapidity as the centre

is approached, till close or in it, when it becomes of a destructive fury, and even
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if this centre should hare a diameter of 50 or 60 iiiilcs, round wLicli tlie storm U
revolving, our first care must be to ascertain how this point or centre bears from
us, in order to guide our future manoeuvi-es. Kow, as the Monocacy on the 5th
of January was, according to her log, in latitude 32° 15^ south, and longitude
47° 45' east, the wind marked as E.SE., the centre of every common wind would
lay, according to proved and established rules of storais, to the E. by N. or
E.XE. In the remarks on January 5th it is said, clouds accumulating," cloudy
and damp, moderate breeze from SE. by E., sent up foretopmast; fruui 4 to 6,
squally and damp, heavy swell from SE. by E., light winds; 6 p. m., a drizzling

rain, but with all these clouds and dampness we find the state of the barometer
as shown in the diagram, the lowest stand being 30.1 ; in the diagram stating

the position of the ship and centre bearings, the storai disk with its hourly chang-
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 the oscillations in barometer and sympiesometer,
more especially a high barometer with gloomy threatening weather ; in the track
of the trades and monsoons this is almost always a sure sign of an approaching
tempest.

Looking at the table we 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.NE. and NE. by E. The question naturally arises, can the barometer assist us
in forming an approximative estimation of the ship's distance from the centre?
And on first consideration, it is evident that there are very great differences in

the fall and rise of a barometer and sympiesometer, in various storms, thouo-h

they may be all true cyclones. Consequently the variations of these instruments
may very often mislead us ; but the shortness of the time in which these chano-es

happened, the number of barometers which underwent the same changes, was
enough to make even the 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 i)rcvious height of the barometer; second, the exact time for

a given fall or rise; and third, the change of the observei-'s position, especially

when running or steaming. The diagram hero then shows the height and the
hourly change of a barometer and sympiesometer, and the distance from the
centre is worked out according to Mr. Piddington's rule. Certainly these calcula-

tions are only to be made approximatively, but coming so near to the truth that
we may consider the result to be the true centre. Now, as in the Southern
Indian ocean, the rate of travelling of a humcane may be stated to be little

more than nine or ten miles per hour, and especially in the meridian between
Mauritius and jMadagascar, the rate generally does not exceed eight miles per
hour, it is evident that with even the little progress the Monocacy made against
a head wind and sea, the course to the northward and eastward brought her
without question nearer to the focus. The weather dm-ing the followino- davs
showed no material alteration; the same dark cloudy sky, the same height of
barometer, slightly varying as by the ship's progress we neared the centre.

The table shows the indications of barometer and sympiesometer for the 6th,

7th, and 8th, in her log-book. I find the oscillations of one barometer and the
vibrations of an aneroid barometer very strongl^^ marked; both are common
signs dm-ing a cyclone. On January 7th, states the log, the water changed its

appearance to a dark brown color, the sea was running furiousl}-, and in various
directions; the vessel was at that time under storm mainsail, d'ouble-reefed fore

trysail, and stomi fore topsail, the topsail yard and fore yard on deck, and fore

and main topmasts housed; everything was secured about her decks, and the
vessel kept under just enough steam to hold her own, but still heading to the
northward and eastward. During the night from the 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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ship having' lost her starboard bulwarks, shipped a tremendous quantity of water,

which flooded her decks; this and the tiller canying- away, her helm shifted

thereby over 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 stonn chart it will be seen that the vessel, during
this night, was nearest to the vortex. On the following day, the 8th, the storm
having passed the vessel, no material danger threatened us longer; the barom-
eter still kept unusually high, and the whole day the sky w'ore an unusually
bright appearance ; the air likewise was charged with a great amount of elec-

tricity ; incessant thunder and lightning were the consequences. In the afternoon

it was calm, but the sea still ran high, which made the vessel labor heavilvj

barometer at 30.14, the thermometer 74.5 Fahrenheit. At G 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 the

origin of cyclones. It appears to me 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 the

oppression and exhaustion of its force for its termination. The unequal motion
is naturally the consequence of one side of the disk being more flattened, and
causing the cyclone to advance more rapidly; the descent or settling down of the

cyclones has in numerous cases been proved ; the appearance of tlie vortexes of

violent tornadoes within the body of great storms is not unfrequent or fiew.

A curious phenomenon was the brightness of the sky at sunset on the 7th of

January. The whole horizon became suddenly suffused with a bright scarlet

color ; I do not remember ever it happening before, and even the very zenith and
all the horizon round was afiected 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 shouhl strictly consider

the competence of junior officers before intrusting them with 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 a position which is far above his experience.

Coiu'age and daring are in war two main virtues, and most desirable, but expe-

rience and cool judgment in peaceful times, and during the raging of a tempest,

are the most wished-for qualities in an officer, whether in the merchant service

or navy.

But still, looldng calmly on the past dangers, I cannot omit to render, next to

God, to the commander and to some of the officers and crew of the Monocacy
my thanks for a safe delivery out of one of those teniblo cytlones that occm* in

the South Indian ocean.
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Table showing the hourhj chavge of loind, the course steered, the height of
barometer, thermometer and sympicsometer, and. temperature of water during
the cyclone.

Wind.

SE. by E ,

SE.} E
SE.J E ,

SE
SE.iS
SE.i S
SE. by S
SE.by S
SSE.i E
SSE. i E
SSE. ^ E
SSE ,

S.by E
•S.byE
S.bv E
South
South
South
S.i W
S.i W
S.by W
S.by W
S.by W
S.byW ,

Course.

East
Eiist

East
East
E.A N...
E. iN...
E. by N .

E. by N .

E. by N .

E.J N...
E. i N...
E. i N...
E.i N...
E. by N .

E. by N .

E. by N .

East
East
East ....

East
East
East
East
East ,

Thermom-
eter.

72.5
1:J. G
72.6
72.5
72.5
72.5
72. 5
75.0
75. 3
75.0
75.0
75.

7.3.0

7.5.

7.5.

75.

75. H

75. ]

7.5. 1

75.2
70. 2
7(i. 2
7(i. 2
76.2

Sympiesom-
eter.

0.026
0. 027
0. U27
0. 028
0. 027
0. (26
0. 020
0.018
0.010
0.010
0.016
0.015
0.015
0.015
0.015
0.012
0. 10

0.08
0.08
0. 08
0.08
0. 07
0.07
0.07

Teropera-
tuie.

74.3
7-1.3

74.3
74.8
74.8
74.8
74.2
74.3
74.3
74. 3
74.1
74.3
74.3
74.3
74.3
74.5
74.5
74.5
74.5
74.12
74.12
74.12
74. 12

75.0

Remarks.

Cloudy.
Do.

Rain.
Do.
Do.

Cloudy.
Do.
Do.
Do.
Do.
Do.
Do.

Rainy.
Do.
Do.
•Do.

Strong gale.

Do.
Do.
Do.
Do.
Do.
Do.

Thn greatest height of barometer 30. 21
The lowest stand of barometer 30.

1

The lowest stand of sympiesometer 0. 07

SOME OBSERVATIONS OX THE GREAT HURRICANE OF OCTOBER 29, 1S67, AT
TORTOLA, (OR PETER'S ISLAND,) ST. THOMAS, AND PART OF PORTO RICO.

By Gf.orge a. Latimer.

What is usually called the great liurricane of 29tli October, 1SG7, should, it

seems to me, rather be called a tornado, or a number of tornadoes, almost joined

and moving nearly together, for the following reasons : Ilun-icanes extend far

and are wide ; this occuiTcnce on the 29th October was short in extent and
narrow. It appears to have begun at Tortohi, (Petei's island,) at 9 a. m., with

wind at northeast, and lasted until 1.20 p. m., wind going all round the compass,

the hardest being from northwest.

At St. Thomas it began at 10 a. m., with wind from northeast, and a heavy
rain; at 11.15 a. m. calm until 12.15 p. m., when wind came furious from west,

and blew until 2 p. m. ; then a dead calm until 2.30 p. m., when the wind came
with fuiy from the east, accompanied by a heavy rain and a white atmosphere.

This, the second and most terrific part, lasted until 4.15 p. m., when it fell calm,

and the night following was clear, with a bright sky. While the wind was
blowing so hard from the east, the barometer fell 14 lines, and remained so for

30 minutes.

At east end of Porto Rico, say Fajardo, Naguabo, and Ilumacao, it began at

11 a m., with wind from northeast, sliifting 1o southeast and south until 1.15 p.

m., then calm until 2 p. m., when the wind came from northwest, and at 4 p. in.

it entirely ceased, and tlie evening and niglit following were calm. During the

violence of the wind, (but the hour is not given,) the sea rose in Fajardo and
Huinacao about four feet, overflowing the beaches and all the store yards for a
very great distance.

31 s
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At Loiza (going down tlie north side) it began at 4 p. ni., vvitli wind at nortli,

sliifting to northeast, and lasted until 10 p. m., when the wind abated, but it

rained heavily all the night.

At the city of St. John's, (going down the north side,) it commenced at 4 p.

m., with wind from north, and lasted until 10 p. m. Here it was not severe, and
no damage done ; neither was there any done further down the north side of the

island, but there was a heavy rain, causing floods in the rivers, &c.

At AiToyo, on the south side, it began at 4 p. m., with wind from cast, barom-
eter 29.09 ; at 7 p. m. barometer at 29.15, and wind changed to south, and blew
very hard until 9.30 p. m., when it was all over; and it does not appear to have
gone further down the south side of Porto Rico.

Tlwis, the course of it seems to have been striking:

1. Tortola, (or Peter's island,) at 9 a. m., wind from northeast;

2. St. Thomas, 30 miles to leeward, at 10 a. m., wind northeast

;

3. Porto Rico, east end, 28 miles to leeward, at 11 a. m., wind northeast;

north side, Loisa, 20 miles to leeward, at 5 p. m., wind north
;
city of St. John's,

20 miles to leeward, at 4 p. m., wind north ; south side, AiToyo, 64 miles to lee-

ward, at 4 p. m., wind east, and not going further westward than St. John's on
the north and Arroyo on the south side ; so that it cut across Porto Rico from
north-northeast to south-southwest in about one-third of its length, making great

destruction in the trees on the mountains and in the tops of those on the plains

and low hills, as is to be seen and traced throughout its whole course ; and as

the lower two-thirds of the island were not injured by the winds, only by heavy
rains, it shows the tornado passed off to south-southwest, or disappeared upwards.

That it did not extend further to the eastward is proved by the arrival of vessels

at St. Thomas the nest day without their having felt it ; Avhereas, had it been a

hunicane, from their position they should liave felt it. So, also, a vessel bound
into Arroyo, and another from Arroyo to Humacao, seeing the weather look

threatening, stood to the south, and only had a strong northeast wind all night,

going into their respective ports of destination the next morning, to find there

had been a tornado passing over both places.



PRIZE QUESTIONS.

QUESTIONS PROPOSED FOR COMPETITION BY THE ROYAL DANISH SOCI-
ETY OF SCIENCES, 1867.

Class of Natural History asd Mathematics.—Question of natural
history.—Althougli the lichens have been the object, hi late years, of very pro-

found researches, (especially on the part of MM. Tulasne, Nylander, Th. Fries,

and Speerschneider,) there are still many points of great interest in their life and
development, respecting" which our knowledge remains very incom])lete.

Although M. Tulasne had demonstrated in 1S52 that all the lichens arc fur-

nished with a special organ, (spermagorie with the spermatite,) and his researches

render it more than probable that this organ nmst serve for fecundation and cor-

respond to the male reproductive organ, tliere has, thus far, been no observation

made, nor experiment, which might establish conclusively that the organ in

question fulfils that function. AVe have, moreover, recent obsen'ations (of

MM. Hicks and Bary) which prove that there are certain species of coliraacese

which stand in generic relation to plants which have been heretofore considered

as types of algte, (Nostochacea, Chroococcacea?;) but the true nature of that

relation is still completely unknown. It results, lastly, from recent researches,

that there are reproductive organs (apothecite) without a. thallus, which apjjear

to subsist as parasites on the thallus of other species. They have been classed

as distinct species or genera in a family apart, (the pseudolichcns,) or considered

as champignons or special organs of the plants on which they live. The trae

nature of these organisms or organs is therefore still very enigmatical. The
society proposes its gold medal as a recompense for the solution, in a satisfactory

manner, of one or more of these three points.

Question of mathematics.—The potential may be reduced to a more general

form, A\»hen the variable,- //, in the function 2— , is considered as a function of
r

t— — ,t beinff a new variable and a a constant. As the potential thus o'eu-

eralized may receive applications much more r ^tended, the society desires that,

besides a recital of the principal propositions heretofore known in relation to this

function, an investigation of the same function should be submitted to it under

the form above indicated.

Class of Histoey and Philosophy.— Question of history and pliiJohgii.—
How have the classical Latin authors been appreciated and how far have they

been made use of by the grammai'ians of tlic time of the empire and 1)y tlieir

schools ? What influence was exerted by this appreciation and this use on the

preservation or disappearance of literature, and how mucli of the literature of

antiquity may be estimated to have remained in circulation or to have been

accessible, about 500 years after Jesus Christ f

The answers to these questions may be written in Latin, French, English,

German, Swedish, or Danish. The memoirs should not bear the name of the

author, but a motto, and be accompanied by a sealed note distinguished by the

same motto and enclosing the name, profession, and address, of the author. The
members of the society who reside in Denmark will take no ])art in the compe-
tition. The recompense accorded for a satisfactory reply to one of the projuised

questions, will be the gold medal of the society, of the value of 50 Danish ducats. •

The replies must be addressed, before the end of October, 1868, to the secretary

of the society, Professor J. Japetus Sm. Steenstrup.
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PONTIFICAL ACADEMY OF THE NUOVI LIKCEI.—PROGRAMME FOR THE
CARPI PRIZE.—ROME, JUNE 12, 1868.

The academy, with the \'iew of confemiig the annual prize founded by the

generous testamentary provision of its late associate doctor, PieiTe Carpi, proposes

the development of the following theme

:

To compare with o?ie another the tides of the principal pais of all the Italian

coasts, and to appreciate and explain their differences.

Explanation.—Galileo had occupied hiuiself with the flow and ebb of the

sea.* But in his time, that is to say in 1616, neither the true doctrine of univer-

sal attraction nor the higher analysis was known ; it was not possible, therefore,

to indicate the principal causes of the plicnomenon in question. Notwithstanding
this, tliat iUustrious Lincean sought,! two and a half centuries ago, to investigate

the probable reasons which cause the flow and ebb of the sea to be more sensi-

ble in the Adriatic, and especially at Venice, than on the coasts of the Mediter-

ranean. It tlius ajipears that our subject was, in part, considered by the glorious

reformer of the doctrines of Aristotle.

In its discussion the proposed theme should be well developed, yet all that

does not strictly pertain to the question should be avoided, without, however,
going so far as to suppress anything which may contribute to give clearness and
force to the demonstrations. It will be of great service to the author to be
acquainted with the researches respecting the tides already executed by physical

geographers, such, for instance, as Humboldt, Whewell, Lubbock, Berghaus,

Glerinar, Thomson, Maury, Dession, Chezallon, &c., and also by the modern
geometers, Laplace, Delaunay, and others.

The author shoidd have recourse to sources, either official or entirely worthy
of credit, for the observations which have been made on the cotemporaneousuess
of tides, on their ditferences in point of time, and should indicate whence he has
collccied those observations. He should also state the intervals which separate

high tide from the lunar culmination, and likewise its maximum, minimum, and
mean ordinary or extraordinary height, at the syzygies and at the equinoxes,

under the influence of certain winds and on occasion of considerable changes of

atmospheric pressure, &c. All the physical or geographical circumstances which
modify the usual course of the tides should be generally stated, and explana-

tions furnished. Above all it is requisite to indicate the causes of the differences

observed between the tides of the principal -ports of all the coasts of Italy.

Finally, it is recommended that the argument should be developed also in its

relations to mathematical analysis, taking as a guide chiefly what has been pub-
lished on this sul)ject by the illustrious Laplace in his Mccanique celeste. But
if the author finds that our theme does not, from its nature, permit the apphca-
tion of analysis, he should clearly set forth the difficulties which oppose them-

selves to the attempt.

Although in strictness the theme simply demands a scientific study and explana-

tion of the tides in the principal ports of Italy, by reason that these ofler a
greater interest, yet the acadeuiy ^\ill receive with thankfulness, observations

and researches on the tides at every other point of the Italian coasts, whether in

the islands or on the continent.

Conditions.— 1. The memoirs on the proposed theme should be drawn up
either in Italian, Latin, or French; no other language is admissible. 2. Each
memoir will be preceded by an epigraph, which shall be repeated on the outside

of a s<.'aled envelope, containing the name and address of the author. 3. Only
the envelope corresponding to the memoir which shall obtain the prize will be

*A manuscript treatise on this physico-geDgraphiciil phenomena may be found in the library

of tlie Vatican ; it cuutains a highly interesting autographic frontispiece of Galileo.

t Le opere di Galileo Galilei; t. 1°, Florence, 16A2, p. 4U8, and t. 11"^, Florence, 1843, p.
400.
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opened. 4. If the authors vvlio shall have obtained an honorable mention desire

that the academy should publish their names, they must make a request to that

eifect within the four months following the day on wliicli tlu; prize shall have
been decreed ; at the end of that term the envelopes will be burned without

being- unsealed. 5. AVith the exception of its thirty members in ordinary, the

academy invites the competition of all persons, whatsoever their nationality.

6. Each memoir, with its corresponding envelope, must be sent, free of postage,

to the academy before the last day of October, 1869, the date at which the com-
petition closes. 7. The prize will be awarded by the academy in the month of

January, 1870, and will consist of a gold medal of the value of a thousand
livres. 8. The successful memoir will be published whole, or in extracts, in the

acts of the academy, and the author will receive fiftv copies.

B. VIALE PRELA, President.

P. YOI.PICELLI, Secretary.



ABBREVIATIONS USED IN ENGLAND IN 1867.

Compiled by W. de la Kue.

A.—Associate.

A. B.—Artium Baccalaureus. BacJielor of Arts.

Abp.—Ai-clibisliup.

A. C.—Anno Cluisti. In the year of Christ.

A. D.—Anno Domini. In the year of our Lord.

A. I. C. E., or A. Inst. C. E.—Associate of the Institution of Civil Engineera

A. M.—Anno Mundi. In the year of the ivorld.

A. M.—Ai-tium Magister. Master of Arts.

A. M.—Ante Meridiem. Forenoon.

A. 11. A.—Associate of the Royal Academy.
A. R. S. A.—Associate of the Royal Scottish Academy.
Bart., or Bt.—Baronet.

B. A.—Bachelor of Arts.

B. C—Before Christ.

B. C. L.—Bachelor of Civil Law.
B. D.—Bachelor of Divinity.

B. L.—Bachelor of Law.
Bp.—Bisliop.

B. Sc.—Bachelor of Science.

C, or Cent.—Centum. A hundred; or Chap.—Chapter.

Cam., or Cantab.—Cambridge.

C. B.—Companion of the Bath.

C. E.—Civil Engineer.

Coll. Reg. Chir.—Royal College of Surgeons.

Coll. Reg. Med.—Royal College of Pliysicians.

C. P. S.—Custos Privati Sigilli. Keeper of the Privy Seal.

Cr.—Creditor.

C. S.—Custos Sigilli. Keeper of the Seal.

Cwt.—Hundredweight.

D.—Five hundred. '

d.—Denarius. A penny.

D. C. L.—Doctor of Civil Law.
D. D.—Doctor of Divinity.

D. G.—Dei Gratia By the Graee of God.

Do.—Ditto. Tlie same.

Dr.—Doctor, or Debtor.

D. Sc.—Doctor of Science.

D. V.—Deo volente. God ivilUng.

Dwt.—Pennyweight.

E. C. P.—Evaagelii Cliristi Prajdicator. Preacher of the Gospel of Christ.

e. g.—ExempU gratia. For example.

Eq , or Eques.—Knight.

Esq.—Esquire.

Ex.—Example.
Ex., or Exr.—Executor.
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F. C. P.—Fellow of the College of Preceptors.

F. C. P. S.—Fellow of the Cambridge Philosophical Society.

F. C. S.—Fellow of the Chemical Society.

F. D.—Fidei Defensor. Defender of the Faith.

F. G. S—Fellow of the Geological Society.

F. H. S.—Fellow of the Horticultural Society.

F. I. A.—Fellow of the Institute of Actuaries.

F. L. S.—Fellow of the Linnsean Society.

F. R. A. S., or F. R. Astron. S.—Fellow of the Royal Astronomical Society.

F. R. B. S.—Fellow of the Royal Botanic Society.

F. R. C. S,—Fellow of the Royal College of Surgeons,

F. R. I. B. A.—Fellow of the Royal Institute of British Architects.

F. R. S.—Fellow of the Royal Society.

F. R. S. E.—Fellow of the Royal Society of Edinburgh.
F. R. C. P—Fellow of the Royal College of Physicians.

F, R G. S.—Fellow of the Royal Geographical Society.

F, 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.—Knight Grand Cross of the Bath.

H. E. I. C. S—The Honorable the East India Company's Service.

Hon.—Honorary, Honorable.

Hon. Mem.—Honorary Member.
H. iM. S.—Her Majesty's ship.

H. M S. S—Her Majesty's steam ship.

H. R. H.—His or Her Royal Highness.
Tb., or Ibid.—Ibidem. Jn the s^une ])Jacc.

Id.—Idem. The same.

i. e.—Id est. That is.

I. C. S.—Indian Civil Service.

I. H. S.—lesus Hominum Salvator. Jesus, the Saviour of manJcind.

I. H. + S.—In hac cruce salus. Safctjj in this Cross.

I. P. D.—In prffisentia Domiuorum. In jirescnce of the Lords.

J. P.—Justice of the Peace.

K. B.—Knight of the Bath.

K. C.—Knight of the Crescent.

K. C. B.—Knight Commander of the Bath.

K. C. G.—Knight Commander of the Guelphs [of Hanover
]

K. G.—Knight of the Garter.

K. G. C.—Knight Grand Cross.

K. H.—Ktiight [of the order of the Guelphs] of Hanover.
K. P.—Knight of St. Patrick.

K. T,—Knight of the Thistle.

Kt., or Knt.—Knight.

L., or Lib.—Libra, a pound ; or Liber, a hoolc.

L. C- J.—Lord Chief Justice.

L. D.—Lady Day.
Ldp.—Lordship.

LL. B—Lt'guni Baccalaureus. Bachelor of Laivs.

LL. D.—Legum Doctor. Doctor of Laws.
L. S.—Locus sig'illi. The j^Jace of the seal.

M.—Mille. A thousand.

M. A.—Master of Arts.

M. B., (Latin,) or B. M., (English.)—Bachelor of xMedicine.

M. B. M. S.—Member of the British Meteorological Society.

M. C.—Member of Cona^ress.
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M. D.—Medicince Doctor. Doctor of Medicine.

Mem Corr. or Corresp.—Corresponding Member.
M. I C. E., or M. Inst. C. E.—Member of the Institution of Civil Engineers.

M. L A.—Member of the Legislative Assembly.

M. L. C.—Member of the Legislative Council.

M. P.—Member oi Parliament.

M. R. A S., or M. R. Asiat. S.—Member of the Royal Asiatic Society.

M. R. I A—Member of the Royal Irish Academy.

M. R. S. L—Member of the Royal Society of Literature.

M. S—Memoriffi Sacrum. Sacred to the memory.

Vi S.—Manuscript. MSS.—Manuscripts.

Mus. D—Doctor of Music.

M. W. S.—Member of the Wernerian Society.

N. B.—Nota bene. Marh well.

M R I.—Member of the Royal Institution.

Nem. con., or Nem. diss.—Nemiue contradicente, or Nemine dissentiente.

WitJiout opposition^ unanimously.
" No.—Number.
N. P.—Notary PubKc.
N. S.—New Style.

Oxon.—Oxford.

Oz.—Ounce.

P., or Pres.— President.

Pari.—Parliament.

P. C.—Privy Councillor.

Ph. D.—Doctor of Philosophy.

P. M.—Post meridem. Afternoon.

P. S.—Postscript.

Q. C.—Queen's Counsel,

q. d.—Quasi d-icat. As if he slioidd say.

q. d.—Quasi dictum. As if it were said.

Q. E. D.—Quod erat demonstrandum. ^VItich was to he demonstrated.

Q. E. F.—Quod erat faciendum. JVIiich was to he dotie.

Q. S.—Quuntum suflicit. A sufficient quantity.

Q. V.—Quod vide. Which see.

Rp.—Recipe. Tal^e.

R. I. A.—Royal Irish Academy.
R. A.—Royal Academician.

R. A.—Royal Artillery.

R. E.—Royal Engineers.

R. H. A.—Royal Hibernian Academy,
Reg. Prof.—Regius Professor.

Rev.—Reverend.

R. M.—Royal Marines.

R. N.—Royal Navy
Rt. Hon —Right Honorable.

Rt. Wpful.—Right Worshipful.

Sc, or Soc.—Fellow.

S. S. C.—Solicitor of the Supreme Court.

S. T. P—Sacro-Sanctfp Theologize Professor. Prqfessor of Diviiiiiy.

Ult.—Ultimo. Last month.

T. D.—Theologian Doctor. Doctor of Theology.

Trust. Brit. IMus.—Trustee of the British Museum.
V. D. M.—Verbi Dei Minister. Minister of God^s word.

V. P.—Vice-President.

W. S.—Writer to the Signet.
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